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EDITORDEN

2024 yilinin ilk sayisini 9 6zgiin arastirma makalesi, 2 olgu sunumu ve 1 derleme ile ¢cikarmaktayiz.
Ozgiin arastirmalarda tibbi ve veteriner parazitoloji alanlarindan makaleler arasinda; deprem
bolgesinden sitma tanisinda hizli testlerin duyarlih@ konusunda, konjenital toxoplasmosis ile ilgili
bir makale, Acanthamoeba'nin patolojisi ile ilgili gosterge olabilecek karakteristiklerini irdeleyen bir
makale, bas biti arastirmasi ile Aedes tirlerinin larvalarina karsi kullanilabilecek yeni formilasyonlarla
olusturulan larvasitlerin etkinliginin degerlendirilmesi, Bursa'da sokak kdpeklerindeki uyuz sikhiginin
arastinldigi bir makale sunulmaktadir.

Olgu sunumlarinda ise Plasmodium falciparum/Salmonella Typhi birlikteligi ile nadir goriilen bir
kist hidatik olgusu verilmistir. Derlemede ise memelilerdeki Acanthocephala tiirlerini inceleyen bir
makaleye yer verilmistir.

Dergimizin ESCI icin de basvurusu yeniden yapilmis olup sonucu beklenmektedir. Bu siirece bliyiik
katkisi olan ve gonderilen makalelere 6zveriile 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 yapilmasinin, dergimizin bu endekse basvuru/kabul siirecinde biiylik 6nem tasidigini yeniden
belirtmek isterim. Bilim alanimizin en 6nemli unsurlarindan ve bizleri giiclendiren araclarindan biri
olan "Tiirkiye Parazitoloji Dergisi"nin bu sayisinin da bilimsel ¢calismalariniza ve birikimlerinize yararh
olmasini umuyorum.

Prof. Dr. Yusuf Ozbel
Bas Editor
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ABSTRACT

Objective: Malaria has been eradicated in Tirkiye as of 2010, but there are imported cases. In this study, we aimed to compare
the diagnostic value of two rapid tests; SD Bioline Malaria Ag Pf/Pan (SD-Pf/Pan) and SD Bioline Malaria Ag Pf/Pv (SD-Pf/Pv) with
microscopy and real time-polymerase chain reaction (RT-PCR).

Methods: Blood samples were taken from all participants. Thick drop smears were prepared. Thick drop smears were examined
for malaria positive/negative distinction under the light microscopy. Then, two rapid diagnostic tests (SD-Pf/Pan and SD-Pf/Pv)
were performed. After DNA extraction from blood samples, RT-PCR was typed. The data were evaluated with SPSS 21 program
of statistics.

Results: A total of 30 cases out of 66 suspected malaria cases were detected as positive with microscopy and RT-PCR. Twenty-
seven patients were found positive with both SD-Pf/Pan and SD-Pf/Pv tests. Based on the microscopic results as a reference
method, SD-Pf/Pan and SD-Pf/Pv rapid diagnostic tests had a 90% sensitivity, 100% specificity, 100% positive predictive value
(PPV), and 92.86% negative predictive value (NPV). Based on the RT-PCR results as a reference method, for detection of P
falciparum, both tests had a 95.65% sensitivity, 100% specificity, 100% PPV, and 88.89% NPV. Moreover, while SD-Pf/Pv had a
sensitivity, specificity, PPV, and NPV of 100% in detection of P. vivax; SD-Pf/Pan has a 77.78% sensitivity of, 61.90% specificity of,
46.67% PPV, and 86.67% NPV SD-Pf/Pan for detection of PAN.

Conclusion: As a result, high sensitivity and specificity were detected in both kits in the diagnosis of malaria infections caused
by P. falciparum and P. vivax. Rapid diagnostic tests can be used safely in diagnosis however the diagnosis should be supported by
microscopy and RT-PCR methods when they are applicable.

Keywords: Malaria, rapid diagnosis test, real-time polymerase chain reaction, Hatay

oz

Amag: Sitma, 2010’dan itibaren Tiirkiye'de eradike edilmis ancak importe olgular goriilmektedir. Calismada, SD Bioline Malaria
Ag Pf/Pan (SD-P{/Pan) ile SD Bioline Malaria Ag Pf/P.v (SD-Pf/Pv) olmak tizere iki hizhi tani kiti ile mikroskop inceleme ve gercek
zamanli-polimeraz zincir reaksiyonu (GZ-PZR) yonteminin kargilagtirilarak hizli tam testlerinin tani degerinin ortaya konmasi
amaglanmigtir.

Yontemler: Tim katihmclardan kan érnekleri alindi. Kalin damla yaymalar: hazirlandi. Isik mikroskobu altinda sitma pozitif/
negatif ayrimi agisindan kalin damla yaymalar: incelendi. Daha sonra SD-Pf/Pan ve SD-Pf/Pv olmak tizere iki hizli tani testi ile
caligildi. Kan 6rneklerinden DNA ekstraksiyonu yapildi ve GZ-PZR ile tiplendirildi. Veriler SPSS 21 programu ile istatistiksel olarak
degerlendirildi.

Bulgular: Altms alt1 sitma siipheli hastadan 30'unun mikroskop inceleme yéntemi ve GZ-PZR ile pozitif oldugu belirlendi. Yirmi
yedi hastada hem SD-Pf/Pan hem de SD-Pf/Pv testlerinde pozitif bant elde edildi. Referans olarak mikroskop inceleme yontemi
baz alindiginda SD-Pf/Pan ve SD-Pf/Pv hizh tani testleri %90 duyarlihga, %100 ézgiilliige, %100 pozitif prediktif degerine (PPV) ve
%92,86 negatif prediktif degerine (NPV) sahipti. Referans olarak GZ-PZR sonuglarina gére, P. falciparum tespiti i¢in her iki testin
duyarlihg %95,65, ézgilligi %100, PPV %100 ve NPV %88,89'du. Ayrica SD-Pf/Pv’nin P. vivax tespitinde duyarlihi, ézgullugu,
PPV ve NPV’i %100 iken; SD-Pf/Pan’m, PAN tespiti i¢in duyarliligs %77,78, ézgulligii %61,90, PPV %46,67 ve NPV %86,67 olarak
bulundu.
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Sonug: Sonug olarak P. falciparum ve P. vivaxn neden oldugu sitma enfeksiyonlarinin tamsinda her iki kitin de yiiksek duyarlilik ve ézgillikte oldugu
tespit edildi. Tanida hizh tan: testleri givenle kullanilabilir ancak taninin uygun oldugu durumlarda mikroskop inceleme yéntemi ve GZ-PZR yoéntemleri ile

desteklenmesi gerekmektedir.

Anahtar Kelimeler: Sitma, hizh tan: testi, gercek zamanlh polimeraz zincir reaksiyonu, Hatay

INTRODUCTION

Malaria, which transmitted to humans through Anopheles spp.,
remains an important disease today despite the implementation
of many international and national control and elimination
programs (1). Increased number of travels for touristic or business
purposes, especially the round trips to endemic areas ensure
the continuity of malaria (2). According to the World Health
Organization (WHO) estimations, there are approximately 241
million malaria cases and 627,000 deaths in 2020 worldwide.
African continent was reported to host 95% of these cases and
96% deaths (1).

According to WHO data, although no autochthonous cases have
been reported in Tiirkiye since 2010, imported malaria cases have
been documented (3). The riskiest regions in Tirkiye with respect
to malaria are Southeastern Anatolia, Mediterranean, Marmara,
and Aegean (4). The most common vector species in Tirkiye are
Anofeles sacharovi and Anopheles superpictus (5).

The malaria diagnosis is achieved through the detection of the
parasite with microscopy in smear specimens prepared from
the blood. The method called “thick drop” is the gold standard
microscopic examination for malaria. However, commercially
prepared rapid diagnostic tests (RDTs) and molecular methods
are also utilized in the diagnosis of malaria (6,7).

RDTs, which have been developed to detect parasite-specific
antigens found in the blood are one of the serological methods
with supportive diagnosis that can give results in as short as 10-
15 min, are easy to apply, and do not require experience (8).
Malaria RDTs contain antibodies targeting three parasitic
antigens: histidine-rich protein (HRP2), Plasmodium lactate
dehydrogenase (pLDH), and Pan-specific aldolase (9). HRP2 is
a protein produced by only P. falciparum and secreted by young
gametocytes and trophozoites. Hence it is used as a diagnostic
marker in RDTs for detection of P. falciparum malaria infections
(8). There are three types of pLDH used for diagnosis of one P.
falciparum, P. vivax, and Pan species. This antigen shows more
than 90% amino acid similarity among the four Plasmodium
species. Since it uses monoclonal antibodies against common
epitopes, pLDH-based RDT is able to detect four species. Pan-
specific aldolase (Pan aldolase) is used for human-specific P.
falciparum, P. vivax, P. ovale, and P. malaria (8,9). Although pLDH
and aldolase are used for detection of four species, it was reported
that currently available RDTs cannot specifically identify P
malaria and P. ovale (10).

The sensitivity (Se) and specificity (Sp) of the SD-Pf/Pan test
were previously shown to be 99.5% and 98% for P. falciparum and
92.6% and 100% for non-P. falciparum respectively (11). As to SD-
Pf/Pv test, these values were reported to be 93.9% and 98.7% for
P. falciparum and 98.0% and 97.9% for P. vivax respectively (12)
The present study was planned; to draw attention to imported
malaria cases in Hatay, to contribute to the treatment by subtyping
the malaria cases, to determine the value of RDTs in the diagnosis
of malaria cases in a short time during round trips, to analyze
their practicality in the field, and to compare the performance of
two different RDTs.

METHODS

Study Area and Experimental Plan

The study was carried out with the ethics committee’s approval
obtained from the Ethics Committee of Clinical Research at Tayfur
Ata Sékmen Faculty of Medicine (approval no: 2018/86). An
informed consent form was signed by all patients and documented
for the current study. The patients with suspected malaria, who
had round trips to malaria endemic areas between April 2019 and
December 2020 and applied to the Infectious Diseases Outpatient
Clinic of Hatay Mustafa Kemal University Faculty of Medicine,
were included in the study. The gender and the history of the
patients including the country they came from, were recorded.
The patients were classified as positive and negative according to
the findings of the microscopic examinations.

Inclusion criteria: Travelling to malaria endemic area, having
clinical symptoms of malaria such as chills and fever.

Exclusion criteria: Age <18 year-old, pregnancy, lack of signed
informed consent, no history of travel to malaria endemic region.
Blood samples from all patients were taken into anticoagulant
containing biochemical tubes via venipuncture and sent to Hatay
Mustafa Kemal University, Faculty of Medicine, Parasitology
Research Laboratory. The blood samples were stored in three
aliquots: One for thick drop smear preparation for the microscopic
examination, another for RT-PCR analysis, and the last one for
RDTs.

Microscopic Examination

Thick drop smears were prepared with the blood samples. The
thick drop smears were examined to assess the presence and
density of parasite. Giemsa solution was prepared by diluting it
with distilled water at 1:1 ratio. Thick drop smears were stained
for 45 min. Then it was evaluated with a 100X objective under
a light microscope. It was considered positive when there was
at least one asexual blood-stage of the parasite. By counting the
number of parasites per 200 white blood cells and assuming that
each subject had 8000 white blood cells per microliter of blood,
parasitaemia was calculated as described previously (13). All
smears were read by blinded two experienced scientists.

SD-Pf/Pan and SD-Pf/Pv Test Procedures

Two different rapid diagnosis tests were studied for all patients
included in the study. One of them is SD-Pf/Pan (Product code
05FK60, Standard Diagnostics, Inc; Suwon City, Republic of
Korea) (P. falciparum: histidine-rich protein 2 (HRP2 which can
distinguish between P. falciparum and other types of Plasmodium;
the other kit is SD-Pf/Pv (Product code 05FK80, Standard
Diagnostics, Inc; Suwon City, Republic of Korea) which can
distinguish between P. falciparum and P. vivax. The tests are in
cassette format and based on the immunochromatographic
antigen detection principle. Both kits were studied according to
the manufacturer’s protocol, and the data were recorded.
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DNA Isolation and Real-time Polymerase Chain
Reaction (RT-PCR)

DNA extraction was performed from the blood samples of the
patients following the instructions of a commercial kit (Qiamp
DNA Isolation kit, Qiagen, Germany). The obtained DNAs were
stored at -20 °C until further experiments.

The isolated DNAs were genotyped by targeting the 18S ribosomal
RNA gene using a commercial species-specific qualitative RT-PCR
Plasmodium species kit (Genesig® Std Real-time PCR detection
kit for P. falciparum, P. vivax, P. ovale, P. malariae; Primerdesign™
Ltd., Chandler’s Ford, UK) (14). RT-PCR was applied according
to manufacturer’s protocol. Briefly, PCR mixture was prepared
for each sample and Plasmodium species as follow: 10 pL of oasig
lyophilised 2X qPCR Master Mix (Genesig® Primerdesign™ Ltd.,
Chandler’s Ford, UK), 1 pL of P. falciparum primer/probe mix,
4 pL of nuclease free water, 5 uL of DNA. The RT-PCR reaction
conditions are as follow (Qiagen Rotor-Gene): Enzyme activation
at 95 °C for 2 min, 50 cycles of; denaturation at 95 °C for 10 s,
annelaing at 60 °C for 60 s (14). One positive control template
corresponding to one malaria species was used for each PCR
reaction supplied in the kit. Nuclease free water was used as the
negative control. Amplification curves were assessed as positive or
negative according to the amplification curves of target samples
and positive controls. The most recent data were evaluated. All
samples PCR reactions were run separately for each species.

Statistical Analysis

In this study, the data were analyzed with the SPPS 21 package
statistical software. The data were expressed as frequency and/or
percentage. Se, Sp, accuracy, and positive predictive value (PPV)
and negative predictive value (NPV) were used to determine
the diagnostic measure of the kits. In addition, the associations
between the gold standard tests were analyzed with Mc Nemar
test. The Phi coefficient measures the correlation between
two nominal variables and ranges from -1 to 1. In addition, the
Kappa value of the consistency of both tests (microscopy and
RDT) was calculated. The formula K= (Observed consistency-
expected consistency) / (1-Expected consistency) was used in the
calculation. A Kappa value of 0.75 and above was considered to
indicate excellent consistency.

Se, Sp, PPV, and NPV were calculated by using microscopy results
as a reference, which is a gold standard method for malaria
diagnosis, and by comparing with RT-PCR results at the species
level.

RESULTS

Of the 66 suspected malaria patients with a travelling history
to abroad (Saudi Arabia and Africa continent such as Sudan,
Ivory coast, Nigeria, Uganda, Ghana), 1 was female (1.52%),
and 65 (98.48%) were male. Thirty (45.45%) of the patients
were positively diagnosed with microscopy. All of the patients
included in the current study had a round trip history to the
countries in Africa continent. Twenty-seven patients out of
30 positive patients were positive in both RDTs. In the SD-
Pf/Pv test, 21 patients were positive for P. falciparum and 6
were positive for P. vivax. In the SD-Pf/Pan test, 21 cases for
P. falciparum and 15 cases for Pan were positive (Table 1). RT-
PCR was used to confirm all 30 positive patients analyzed with
microscopy. Of which, 21 patients were found to be positive for
P. falciparum, 6 for P. vivax, 1 for P. ovale, 1 for P. malaria, and 1
for P. falciparum/P. malaria as a mixed species infection (Table 2,
Figure 1).

While 6 of 15 patients who were positive with SD-Pf/Pan were
infected with P. vivax and 1 patient was infected with mixed-
species of P. falciparum/P. malaria, 8 samples gave false positive
Pan-band. In addition, 3 samples (a P. falciparum, a P. ovale, a P.
malaria), which were positive with both microscopy and RT-PCR,
were found to have false-negative bands in the SD-Pf/Pan kit
while it was only one sample (P. falciparum) for the SD-P{/Pv kit.
After statistical analyses, it was determined. there was a
significant difference among the results obtained with microscopic
examinations, both RDTs (SD-Pf/Pan and SD-Pf/Pv), and RT-PCR
(p<0.001). While significant difference was found between SD-
Pf/Pv and RT-PCR methods (p<0.001), there was no significant
difference between SD-Pf/Pan and RT-PCR (p>0.05).

When microscopic results were used as the reference, SD-Pf/Pan
ve SD-P{f/Pv RDTs exhibited 90% Se of, 100% Sp, 100% PPV, and
92.86% NPV (Table 3). When RT-PCR results were used as the
reference, both RDTs for P. falciparum showed 95.65% Se, 100%
Sp and PPV, and 88.89% NPV. Furthermore, although the SD-Pf/
Pv for P. vivax had a 100% Se, Sp, PPV, and NPV, the SD-Pf/Pan for
PAN had 77.78% Se, 61.90% Sp, 46.67% PPV, and 86.67% NPV
(Table 4).

While 40.9% of the cases were diagnosed positively with the RDT
test, 45.5% of the cases were diagnosed positively with microscopy.
The difference was not statistically significant (p>0.05) (Table 5).
Kappa value was calculated as 0.901.

Table 1. Comparison of microscopic examination results with the SD-Pf/Pan and SD-P{/Pv tests in diagnosis of Plasmodium species

SD-Pf/Pan SD-Pf/Pv
Control Pf band Pan band | Pf and Pan | Control Pf band Pv band Pf and Pv
band only | only only band only |bandonly | only only band only
Negative | 59 5919) | 0 0 0 39(59.1%) |0 0 0
Microscopy samples
results (n=30) it
Positive |, 40.9%) | 12 6 9 27 (40.9%) |21 6(22.2%) |0
samples
66 12 6 9 21 6 0
Total (100.0%) | (44.4%) (22.2%) (33.3%) 66 (100.0%) | (77 ga) (22.2%) (0%)
SD: Standard deviation
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Figure 1. A representative RT-PCR amplification curve including positive control and negative controls and patient samples

T-PCR: Real time-polymerase chain reaction

Table 2. Results obtained with microscopic examination, two rapid diagnostic tests, and RT-PCR methods

RT-PCR
. SD-Pf/Pan SD-Pf/Pv
Microscopy P. . P. Mixed species
falciparum AT LG malariae | infection**
Pf. Pan Pf Py P
Positive 30 21 15* 21 6 21 6 1 1 1
samples (45.5%) (31.8%) (22.7%) (31.8%) (9.1%) (31.8%) (9.1%) (1.5%) (1.5%) 1.5%)
Negative 36 45 51 45 60 45 60 65 65 65
samples (54.5%) (68.2%) (77.3%) (68.2%) (90.9%) (68.2%) (90.9%) (98.5%) (98.5%) (98.5%)
Total 66 66 66 66 66 66 66 66 66 66
(100.0%) (100.0%) | (100.0%) | (100.0%) | (100.0%) | (100.0%) (100.0%) | (100.0%) | (100.0%) | (100.0%)

(15*: 15=6+1+8; 6 samples P. vivax, 1 sample P. falciparum/P. malaria mix infection, 8 samples false positives;

**P. falciparum/P. malaria mix infection), SD:

Standard deviation

Table 3. Sensitivity, specificity, positive and negative predictive values of RDTs based on the reference method of microscopy results

. Sensitivity | Specificity | Positive predictive | Negative predictive
Reference method (microscopy) (%) (%) value (%) value (%)
SD-Pf/Pan 90 100 100 92.86
SD-P{/Pv 90 100 100 92.86

RDTs: Prepared rapid diagnostic tests

Table 4. Sensitivity, specificity, positive and negative predictive values of RDTs based on the reference method of RT-PCR results

Reference method Positive predictive | Negative predictive
Sensitivit Specificit
(RT-PCR) ensitivity (%) | Specificity (%) value (%) value (%)
Pf 95.65 100 100 88.89
SD-Pf/Pan
Pan 77.78 61.90 46.67 86.67
Pf 95.65 100 100 88.89
SD-Pf/Pv
Pv 100 100 100 100
RDTs: Prepared rapid diagnostic tests, RT-PCR: Real time-polymerase chain reaction, SD: Standard deviation
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DISCUSSION

According to WHO’s data for the last three years, there is an
increase in the rate of malaria and malaria-caused deaths
each year. It has been reported that almost half of the world’s
population was at risk of malaria with about 14 million more
cases and 69,000 more deaths in 2020 than in 2019. In the same
reports, there were estimated numbers of 229 million cases and
409,000 deaths in 2019 and 228 million cases, and 405,000
deaths in 2018 (1,15).

A significant portion of malaria cases (95%) in 2020 were
brought about by the countries in Africa continent and the most
common malaria type was P. falciparum. In many countries other
than sub-Saharan Africa, P. vivax is the primary agent in malaria
infections (1).

While malaria has not been documented in Tiirkiye as of 2010,
81 imported malaria cases have been reported in the same
year (16). Based on a report in 2019, while 75% of imported
malaria cases in Tiirkiye originated from the African countries
where the causative species was P. falciparum, 20% of them were
caused by other Middle-East countries such as Iran, Pakistan,
and Afghanistan where P. vivax was the causative agent. Besides
among some of these malaria cases, there were mixed infections
caused by multiple malaria species (17).

When we look at the imported cases reported from various
provinces of Tirkiye, it can be realized that the majority of these
people travelled abroad for either business, e.g., drivers who
transport to endemic regions, or for touristic visits. In previous
studies that the following area-specific malaria cases have been
reported; the 219 cases seen in Mardin in 2012 were imported
cases caused by a truck drivers; between 2005 and 2015 in
Gaziantep, 31 imported malaria cases; between 2012-2017
in Antalya based on Provincial Health Directorate reports 36
imported malaria cases caused by P. vivax, P. ovale, P. malaria, and P.
falciparum; 22 imported malaria cases in Ankara who made round
trips to various countries such as Sudan, Uganda, Cameroon,
Nigeria, and Mali between 2010 and 2018 (18-21).

Imported malaria cases coming from endemic regions were also
filed in Hatay province. In 2007, 4 workers coming from abroad
to Hatay were infected by P. falciparum (22). In another study,
75 imported malaria cases who had been in sub-Saharan Africa
countries in 2008-2017 were followed up and treated (23). In a

study conducted with 30 imported malaria cases, who had been in
malaria-endemic countries, nested-PCR method was utilized. And
they found that P. falciparum in 16, P. vivax in 6, and P. falciparum/P.
vivax mixed species in 8 cases were detected (6). In our study, 66
patients with suspected malaria, who have been in Saudi Arabia
and Africa countries there and back such as Sudan, Ivory coast,
Nigeria, Uganda, Ghana between April 2019 and December 2020,
were included. Of the patients, 30 were found to be positive with
both microscopy and RT-PCR methods, and 27 were diagnosed as
positive with both RDTs. With RT-PCR, 21 cases were detected
as infected by P. falciparum, 6 by P. vivax, 1 by P. ovale, 1 by P.
falciparum/P. malaria mixed species, and 1 by P. malaria infections.
Microscopy is a highly sensitive, inexpensive, and gold standard
method in malaria diagnosis providing that experienced staff
and convenient equipment are available (24). Although it varies
depending on the species of infectious agent, geographical
location, the Se of the microscopy in malaria diagnosis is
estimated as more than 75% (25). In recent years, RDTs for
diagnosis of malaria, which are easy to apply and interpret, do
not require advanced experience, and give results in as early as
10-15 min, have been developed and used commonly in endemic
countries (8). There are types of RDTs which can detect either a
single species or multiple species of malaria by targeting malaria-
specific antigens such as HRP-2, pLDH, and pan-specific aldolase.
WHO recommends using RDTs before starting treatment in
patients with suspected malaria especially in areas where there is
no required equipment and experienced staff (26). According to
WHO standards published in 2011, RDTs should give 10% fewer
false positives results (27). Molecular biological methods, e.g., RT-
PCR, are important tools that help accurate diagnosis even at low
parasitemia loads such as 5 parasites/pL and provide differential
diagnosis by casting out irrelevant malaria species. Despite their
high Se and Sp rates, diagnostic utility of molecular biological
techniques is restricted due to the necessity of costly technical
equipment (8).

In a study conducted in the Rakhine state of Myanmar for a period
of 14 months, 1248 of 2585 blood samples (531 P. falciparum,
587 P. vivax, 130 P. fal/pan mixed species infection) were found
to be positive with microscopy. They reported that 13 samples
with P. falciparum (2.5%) gave Pan positive with RDT, 15 (2.5%)
of non-P. falciparum samples gave false positive results as just P
fal or both P. falciparum and Pan, and 12 non-P. falciparum samples

Table 5. Diagnostic consistency of RDT and microscopy

Microscopy
5 . Total r*
Negative Positive
Count 36 3 39
Negative % within RDT 92.3% 7.7% 100.0%
RDT % within microscopy | 100.0% 10.0% 59.1%
Count 0 27 27
. . 0.250
Positive % within RDT 0.0% 100.0% 100.0%
% within microscopy | 0.0% 90.0% 40.9%
Total Count 36 30 66
% within RDT 54.5% 45.5% 100.0%
% within microscopy 100.0% 100.0% 100.0%
*Mc Nemar test, Observed Consistency =0.95; Expected consistency =0.49; Kappa value =0.901, RDT: Prepared rapid diagnostic test
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(2%) gave positive bands together with P. falciparum and Pan. In
addition, it was reported in the same study that the results of 122
samples out of 130 mixed-species infections corresponded with
microscopic findings; 2 samples within the remaining 8 were Pan
positive, and the last 6 samples were P. falciparum positive. The
same study group concluded that based on the SD-Pf/Pan test
results, while the Se and specificity for P. falciparum were 90.2%
and 98.5% respectively, for Pan infection, the Se was 79.4% and
the Sp was 98.7% (28). In India, 135 (20%) of 677 patients with
fever were found to be positive with RDT (SD-Pf/Pan) and 86
(12.5%) with microscopy. In the same study, RDT’s Se was 98.8%,
specificity 91.5%, PPV 63%, and NPV 99.8%, and particularly
the Se and specificity of RDT in detecting P. falciparum were
100% and 97.3% respectively. Moreover, they suggested that
RDTs are acceptable in diagnosis of malaria as an alternative to
microscopy (29). A study conducted in Africa stated that 53.8%
of 437 patients were positive for P. falciparum caused malaria.
It was also reported in the same study that while 57.8% of the
samples were positive with SD-Pf/Pv, this ratio was 58% for SDPf/
Pan. Although they found 92.3% compatibility with both RDTs
when comparing the results of positive cases, among the negative
results confirmed with microscopy, they detected 17.8% of cases
as positive with SD-Pf/Pv and 18.8% cases positive with SD-Pf/
Pan (30). In our present study conducted in Hatay province, a
total of 30 cases out of 66 suspected malaria cases were detected
as positive with microscopy and RT-PCR. Twenty-seven patients
were found positive with both SD-Pf/Pan and SD-Pf/Pv tests. In
the SD-Pf/Pv test, 21 patients were positive for P. falciparum and
6 were positive for P. vivax. In the SD-Pf/Pan test, 21 cases for P.
falciparum and 15 cases for Pan were positive. With RT-PCR, 21
patients were found to be positive for P. falciparum, 6 for P. vivax,
1 for P. ovale, 1 for P. malaria, and 1 for P. falciparum/P. malaria as a
mixed species infection.

CONCLUSION

Malaria continues to be a fatal disease. Together with the increase
in the travel frequency, malaria can also be seen in non-endemic
countries due to imported cases. Although Turkiye is one of the
countries where malaria is eradicated, the imported malaria cases
still have been documented. In the present study, the performance
of RDTs was analyzed to be able diagnose the imported malaria
cases in Hatay with the highest accuracy. As a result, we suggest
that RDTs can be used safely in malaria diagnosis based on the
microscopic examinations owing to their availability at lower
costs with fewer required technical equipment compared to PCR
method. Further studies with higher number of patients will help
to obtain clearer and more significant outcomes.
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ABSTRACT

Objective: Congenital toxoplasmosis (CT) can have severe early and late sequelae in children. In this study, we aimed to evaluate
the demographic, clinical, treatment characteristics of patients diagnosed with congenital Toxoplasma infection and to highlight
the long-term complications of the patients.

Methods: Patients with CT were included in this study who were followed between 2010 and 2022 in Cukurova University
Medical Faculty Hospital. Demographic, clinical and treatment characteristics were searched retrospectively. In the diagnosis of
maternal and CT, Toxoplasma IgM, 1gG, IgG avidity, T. gondii polymerase chain reaction tests were used along with clinical and
symptoms.

Results: Eighteen children (two twins) with CT and their mothers (n=16) were included in the study. Median age was 1 month. Ten
(55.5%) of the children were male. CT diagnosis was made during pregnancy in 7 mothers (resulting in 8 babies) and postnatally
in 9 mothers (resulting in 10 babies). The mothers of 5 (31.1%) babies with CT received spiramycin treatment during pregnancy.
Three (60%) of 5 pregnant women who received spiramycin were diagnosed in the first trimester, 4 (80%) of the babies did not
have any sequale and only 1 (20%) had microphthalmia. Ocular involvement was the most common presentation of the disease
occured in 10 patients (55.5%), hydrocephalus and intracranial calcification developed in five patients (27.7%). Hearing loss
developed in 2 (11.1%) patients. During the follow-up period, seizures developed in 3 patients (16.6%), microcephaly in 2 patients
(11.1%), and neurodevolopmental retardation in 7 patients (38.8%), two of the patients had severe mental retardation. One
(5.5%) patient with hydrocephalus died at 36 months of age due to complications after ventriculoperitoneal shunt application.
Conclusion: In our study, we observed severe sequelae in vision, hearing, and neurodevelopmental aspects in children diagnosed
with CT at birth and during follow-ups. Early diagnosis and treatment of infants, along with the detection of Toxoplasma infection
during pregnancy, are essential in preventing severe sequelae that may arise due to CT.

Keywords: Congenital toxoplasmosis, children, chorioretinitis

0oz

Amag: Konjenital toksoplazma enfeksiyonu ¢ocuklarda erken ve ge¢ dénemde agir sekellere neden olur. Biz bu caligmada
konjenital toksoplazma tanis1 alan hastalarin demografik, klinik, tani, tedavi 6zelliklerini ve hastalarin uzun dénemde gelisen
komplikasyonlarini degerlendirmeyi amagladik.

Yéntemler: Bu ¢calismada Gukurova Universitesi Tip Fakiiltesi Hastanesi'nde 2010-2022 yillar1 arasinda konjenital Toksoplazma
enfeksiyonu saptanan bebeklerin demografik, klinik, tani, tedavi 6zellikleri ve prognozlar: retrospektif olarak degerlendirilmistir.
Maternal ve konjenital Toxoplasma enfeksiyonu tanisinda, klinik belirti ve bulgularla birlikte Toxoplasma IgM, IgG ve IgG avidite, T.
gondii polimeraz zincir reaksiyon testleri kullanildi.

Bulgular: Bu caligmaya medyan yag1 1 ay olan 10'u (%55,5) erkek, ikisi ikiz olan 18 konjenital Toxoplasma tanisi alan bebek ve bu
bebeklerin anneleri (n=16) dahil edildi. Konjenital Toxoplasma tanisi, 7 annede gebelik sirasinda (bunlarin 8 bebegi) ve 9 annede
dogum sonrasinda (bunlarin 10 bebegi) konuldu. Konjenital toksoplazmali bebeklerin 5'inin (%31,1) annesinin gebeliginde
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spiramisin tedavisi aldig1 belirlendi. Spiramisin alan 5 gebeden 3'tniin (%60) ilk trimestarda tani almasina ragmen bebeklerin 4’tinde organ tutulumu
olmayip yalnizca 1'inde mikroftalmi mevcut idi. Konjenital Toxoplasma tanisi alan bebeklerin tani aninda en sik 10 (%55,5) hastada géz tutulumu oldugu ve
hastalarin 5’inde (%27,7) hidrosefali ve intrakraniyal kalsifikasyon oldugu saptands. 1ki (%11,1) hastada isitme kayb1 gelistigi belirlendi. izlemde 3 hastada
(%16,6) nébet, 2 hastada (%11,1) mikrosefali ve ikisi agir mental retardasyon olan 7 hastada (%38,8) norogelisimsel gerilik oldugu saptandi. Bir (%5,5)
hastanin 36 aylikken hidrosefali ve ventrikiiloperitoneal sant uygulanmasi sonrasi gelisen komplikasyonlar nedeniyle yasamin yitirdigi saptandi.

Sonug: Calismamizda, dogumda ve takiplerde konjenital Toxoplasma tanisi konulan ¢ocuklarda gérme, isitme ve nérogelisimsel alanlarda ciddi sonuglar
gozlemledik. Bebeklerin erken tami ve tedavisi ile birlikte gebelikte Toxoplasma enfeksiyonunun tespiti, konjenital Toxoplasma kaynakli ciddi sonuglarin

6nlenmesinde esastir.
Anahtar Kelimeler: Konjenital toksoplazmozis, cocuk, koryoretinit

INTRODUCTION

Toxoplasma gondii (T. gondii) is one of the most common zoonotic
agents seen in humans, and its incidence varies according to
geography and socio-economic characteristics. It is especially
common in Europe, Central America, Brazil and Central Africa
(1). In a recent study in our country, anti-T. gondii IgG and IgM
antibodies have been reported between 17.5-69.5%, and between
0-5.4% respectively (2).

In a study evaluating 817 pregnant women in our country, the
seroprevalence of Toxoplasma was determined to be 36.2%.
Among pregnant women from the Southeastern Anatolia
region, 47.1% exhibited Toxoplasma IgG positivity, whereas in
those from the West region, this rate was found to be 30.1%
(3). In our country, data regarding the frequency of congenital
toxoplasmosis (CT) in children, aside from case presentations,
are limited.

Felidae family members; is the only definitive host of T. gondii.
There are 3 forms of the parasite during infection. These; are
called tachyzoite (stage where they are found in groups or
individually), bradyzoite (stage where they are found in tissue
cysts) and sporozoite (stage where they are found in oocysts
outside the host). Ingestion of oocysts excreted in feces of cats and
consumption of raw or undercooked meat containing bradyzoite
forms are considered to be the most important transmission
routes for Toxoplasma infection (4).

CT occurs as a result of T. gondii crossing the placenta and
infecting the baby. Majority of the infection is due to primary
infections during pregnancy. Infection during pregnancy can
cause severe complications that can lead to fetal death. Even if
the baby has no signs at birth, it may cause learning disabilities,
seizures, hydrocephalus, hearing disorders, chorioretinitis, retinal
scarring, and visual disturbances in the late period.

Vertical transmission varies depending on the gestational age, the
trimester in which the pregnant woman had primary infection, and
the antenatal treatment. While the rate of transmission to the baby
in untreated pregnant women is 10-15% in the first trimester, it
has been reported to be 70-80% in the third trimester (4-6).

The diagnosis of CT relies on the history and serology of the
mother’s exposure to Toxoplasma during pregnancy, the baby’s
Toxoplasma serology, and clinical features. Toxoplasma IgM may
be negative in 20-50% of CT cases. Positive Toxoplasma IgG alone
is not conclusive, as it may indicate maternal antibody transfer;
thus, its value should be compared with the mother’s IgG levels
and evaluated based on follow-up values. Assessing avidity values
of anti-T. gondii antibodies, along with IgG and IgM antibodies, in
the first trimester of pregnancy can aid in distinguishing between
past and recent infections (4,7,8). It has been reported that
effective treatment during pregnancy reduces the rate of severe
neurological sequelae by 75% in infants who develop CT (9).

Early diagnosis and initiation of effective treatment of CT play an
important role in indicating the prognosis (7).

It was aimed to evaluate the demographic, clinical, diagnostic
and treatment characteristics and long-term complications of
patients diagnosed with CT.

METHODS

Study Population

Eighteen babies diagnosed with CT in Cukurova University
Medical Faculty Hospital between 2010-2022 and their
mothers (n=16) were included in the study. On February 4,
2023, at the 130" meeting of the Cukurova University Faculty
of Medicine Ethics Committee, ethical approval was obtained
for this study.

Maternal Infection and Prenatal Diagnosis of CT

Diagnosis of maternal infection was based on detection of
Toxoplasma IgM and IgG (toxo IgM, toxo IgG) antibodies
Acqusition of the Toxoplasma infection was based on
seroconversion during pregnancy or on determination of IgG
avidity and kinetics of antibodies (8). Toxo IgG, toxo IgM was
studied by electrochemiluminescence method in Cobas e-601
Roche (Netherlands) device and microparticular enzyme
immunoassay method in Abbott Architec I 2000 (USA) device.
Toxo IgG avidity test was studied by micro ELISA method (Diapro
marks kit, Milan/Italy).

Postnatal Diagnosis of CT

Congenital infection was diagnosed by any of the following: 1)
Increase in Toxo IgG titer during the first year of life or increasing
toxo IgG titer compared with the mother’s; 2) Positive toxo IgG
with positive toxo IgM; 3) Positive T. gondii polymerase chain
reaction (PCR) test in cerebrospinal fluid (CSE), blood or urine; 4)
Positive Toxo IgG beyond 12 months of age, and 5) Infants with
characteristic clinical findings, positive toxo IgG, but negative
toxo IgM (8).

Clinical and laboratory characteristics at birth and the results of
eye examination and hearing test performed by specialist doctors
were searched from the files of pediatric patients during the
clinical follow-up, ocular findings, hearing findings, neurological
complications and neurodevelopmental evaluation results were
recorded.

Statistical Analysis

Statistical analyses were completed using SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA). Data are presented as medians (minimum-
maximum) and as n (%). Correlation analysis was used to search
the realation between treatment prophylaxis and outcomes.
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RESULTS

Toxoplasma IgM positivity was detected in 314 pregnant women in
Cukurova University Hospital between 2010 and 2022. Eighteen
infants, two of whom were twins, diagnosed with CT and their
mothers (n=16) were included in the study. There were a total of
18 children born to 16 mothers who had experienced Toxoplasma
infection. CT diagnosis was made during pregnancy in 7 mothers
(resulting in 8 babies) and postnatally in 9 mothers (resulting in
10 babies). Demographic and clinical characteristics of mothers of
infants with congenital Toxoplasma are demonstrated in Table 1.
The mothers of five of the babies diagnosed with CT used
spiramycin during pregnancy, and three of these babies were
diagnosed in the first trimester. Microphthalmia was detected in
only one of five patients whose mothers used spiramycin during
pregnancy, and there were no organ involvement in the other
babies.

Ten (55.5%) of the infants with CT were male and eight (44.5%)
were female. The median age at admission was one month.
Fourteen of the patients (77.7%) were diagnosed in the first
month, while the other four patients were diagnosed at 2, 5, 6,
and 9 months of age. Demographic data of infants with CT are
demonstrated in Table 2.

Clinical findings consistent with CT at birth was reported in 11
(61.1%) babies. Three patients presented with growth retardation
and inability to gain weight, one patient had a deviation in the
eyes, one patient had opacities in the eyes and one patient had
muscle weakness. Ocular findings were reported in 10 (55.5%) of
the patients. Chorioretinitis was present in eight patients (44.4%)
in total, and active chorioretinitis was found in six of these
patients. Retinal scar, which was thought due to chorioretinitis,
was detected in seven patients, and five of these patients had
macular involvement. The clinical findings of the patients at the
time of diagnosis are demonstrated in Table 3.

Initial laboratory parameters and cranial imaging results of
infants diagnosed with CT are demonstrated in Table 4. Although

8 (44.4%) patients had toxo IgM at the time of diagnosis,
all patients (100%) had Toxoplasma IgG antibody. Nine of
the toxoplasmosis-infected infants (50%) had mothers with
available Toxoplasma avidity results, with 4% of these patients
(44.4%) exhibiting high Toxoplasma avidity and 5% (55.5%)
having low avidity. Evaluation of avidity results indicated that
all these mothers likely experienced Toxoplasma infection during
pregnancy. Among the eight infants who underwent lumbar
puncture, Toxoplasma PCR was examined in four cases (50%), and
it was determined to be negative in the CSF.

It was determined that 16 of the patients were evaluated by
cranial ultrasound (USG), 14 of them by cranial tomography
and 7 of them by cranial magnetic resonance imaging (MRI).
Hydrocephalus was reported in 6 patients by cranial USG,

Table 2. Demographic data of infants with congenital
toxoplasmosis

Data
Actual age (month), median (min- 79 (5-153)
max)
Age at diagnosis (month), median
i 1(1-9)

(min-max)
Gender n (%)
Female 8 (44.5)
Male 10 (55.5)
Premai.:unty rate, n, (%) ) 7 (38.8%)
Gestational age of premature babies,

. . 34 (32-37)
median (min-max)
Small gestational age n, (%) 1 (5.5%)
Hospital admission at birth, n, (%) 9 (50%)
The median .follov«f-up period 6.3 (3 month-12.6 year)
(years), median (min-max)

Table 3. Clinical findings of infants with congenital

toxoplasmosis at the time of diagnosis

: = - Data n=18 | %
Table 1. Demographic and clinical characteristics of mothers Ocular invol 7 0
of infants with congenital toxoplasmosis cuiar Invo .v.ement, n, (%) 995
Chorioretinitis, 8 44.4
n=16 % Active chorioretinitis, 6 33.3
Age, median 25 Retinal scar 7 38.8
(min-max) (19-37) Microophthalmia 6 33.3
Cataract 2 11.1
Raw meat consumption, n (%) 5 31.2
. Abnormal universal newborn screening, testing 4 299
Animal exposures, n (%) 5 31.2 Hearing loss [confirmed with auditory brainstem 1 5 5
Gravida median 1 response (ABR)] :
(min-max) 1-4 Macrocephaly 2 11.1
Abnormal fetal USG, n (%) 5 31.2 Microcephaly 1 55
thz;(; IgM positivity in pregnancy, 7 43.7 Hydrocephaly 5 27.7
n (%
——— @ 3 187 Seizure 2 11.1
u-like s tom, n (% .
yap 2 Icterus 5 27.7
Time of diagnosis of Toxopl -
infection, n (%) 3 187 Cholestasis 1 5.5
First trimester 0 0 ' Hepatomegaly 4 22.2
Se(fond Frlmester 4 25 Splenomegaly 3 16.6
Third trimester 9 560
Postnatal ’ Hepatosplenomegali 3 16.6
Spiramycin treatment, n (%) 5 31.2 Ascites 2 111
USG: Ultrasound Rash 2 11.1
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Table 4. Laboratory and cranial imaging findings in babies with congenital toxoplasmosis at the time of diagnosis

Data

White blood cell/pL median, (min-max)

9775 (3000-15570)

Toxo IgG value, median, (min-max)

Number of patients with high ALT 2 (11.1%)
Number of patients with high biluribin 3 (16.6%)
Number of patients with cholestasis 2 (11.1%)
Number of patients with Toxoplasma IgM positivity, n, (%) 8 (44.4)

Toxo IgM value, median, (min-max) 0.39 (0.19-27.6)
Number of patients with Toxoplasma IgG positivity n, (%) 18 (100)

650 (200-656)

Cranial USG, n=16, (%)

Normal 7 (38.8)
Ventriculomegaly-hydrocephaly 6 (33.3%)
Intracranial calcification 3 (16.6%)
Increased echogenicity in basal ganglia 2 (11.1%)
Cranial tomography, n=14, (%)

Normal 9 (50)
Intracranial calcification 5(27.7%)
Serebral atrophy 2 (11.1%)
Hydrocephaly 5(27.7%)
Cranial MRI, n=7, (%)

Normal 527.7)
Intracranial calcification 2(11.1)
Hydrocephaly 2(11.1)

MRI: Magnetic resonance imaging, ALT: Alanine transaminase, USG: Ultrasound

however there were 4 patients with hydrocephalus confirmed with
cranial tomography 1 patient in cranial MRI during the follow-
up. Intracranial calcification was present in 5 patients (27.7%) on
cranial tomography.

Primetamine, sulfadiazine and folinic acid treatment was started
in all diagnosed patients. Bactrim and clindamycin treatment was
started in 2 patients until the drug was obtained. All patients were
treated for 12 months, and 1 patient, who was 5 months old, was
still under treatment. Steroid treatment was given patients with
active chorioretinitis. In the follow-up period, one (5.5%) patient
died at 36 months of age due to hydrocephalus and complications
developed after ventriculoperitoneal shunt application.

The median follow-up period of babies diagnosed with congenital
Toxoplasma was 6.3 years (minimum: 3 months-maximum: 12.6
years). In the follow-up, nystagmus developed in a patient with
a history of previous ocular findings. Hearing tests of 4 patients
were abnormal in the neonatal period, however confirmed hearing
loss was diagnosed in 1 patient upon further examination. The
second patient diagnosed with hearing loss complained of speech
delay who had a normal newborn hearing screening test however
developed hearing loss in the follow-up period. Hearing loss
developed a total of two (11.1%) patients. During the follow-up,
three (16.6%) patients developed seizures. Microcephaly occured
in two (11.1%) patients, and neurodevelopmental retardation
was observed in seven (38.8%) patients, including severe mental
retardation in two patients.

DISCUSSION

Although a decrease in seropositivity for T. gondii has been
reported in the past decades, it is estimated that one third of the
world’s population is infected with T. gondii. In a retrospective

study evaluating 1,037 pregnant women in 2022, Toxoplasma
seroprevalence was reported as 52.6%, seroconversion rate as
3.4% and congenital infection rate as 0.2% (10).

In our study, it was determined that 314 pregnant women had
toxo IgM positivity in a 12-year period and 18 babies were
diagnosed with CT during this period. We consider that the
number of babies with CT is higher because all of the pregnant
women who were found to have seroconversion for Toxoplasma
could not be followed up in our hospital and asymptomatic babies
might not have been diagnosed during the follow-up.

Contact of pregnant women with oocysts excreted with feces of
cats, ingestion of oocysts through food, and consumption of raw
or undercooked meat and ingestion of bradyzoite forms are the
most important ways of transmission of congenital Toxoplasma.
Recipients can become infected by transfusion of blood and organs
from donors infected with T. gondii (4,8). The high consumption
of traditional food made with raw meat in our region increases
the mother’s exposure to toxoplasmosis. In our study, 31.2% of
mothers of infants with congenital Toxoplasma had a history of
eating uncooked or raw meat. In addition, 31.2% of the mothers
had cat and animal contact.

Acutematernalinfectionis often (>50%) asymptomatic. Generally,
there are flu-like findings such as mild fever, sweating, headache,
myalgia, pharyngitis, which last 2-3 days in pregnant women.
Hepatosplenomegaly, lymphadenopathy, and maculopapular rash
may be present (4). In our study, 3 (18.75%) of the mothers had a
flu-like finding in their pregnancy.

Although there are conflicting results that the use of spiramycin
during pregnancy prevents the development of CT, today the
recommendation to use spiramycin remains valid in the first
14 weeks when toxoplasma infection is detected in pregnant
women. If there is a high risk for congenital Toxoplasma infection
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after the 14" week, it is generally recommended to switch to the
combination of pyrimethamine-sulfadiazine and folinic acid and
to decide on the treatment according to the amniocentesis result
at the 18% week (7,11).

In a European observational study of a cohort of 293 infected
fetuses of whom two-thirds received prenatal treatment, prenatal
treatment was estimated to reduce the risk of serious neurologic
sequelae or death by three-quarters (odds ratio: 0.24, 95%
confidence interval: 0.07-0.71). After maternal seroconversion
at 10 weeks of gestation, the estimated absolute risk of serious
neurologic sequelae or death in treated and untreated pregnancies
was 25.7 and 60.0 percent, respectively (9). In congenital
Toxoplasma infection, the development of infection in the first
trimester causes severe sequelae and even intrauterine death,
while the risk of transmission of Toxoplasma to the baby increases
in the advancing gestational week, the risk of developing severe
infection decreases. Detection of congenital infection in the early
period and initiation of antiparasitic treatment during pregnancy,
can prevent the severe complications that may develop (8,9).
Among our patients with CT spiramycin treatment was initiated
in 31.5% (5 of 16) of the mothers. In our study, when the babies
of pregnant women who received spiramycin were evaluated
although three of five pregnant women were infected in the first
trimester, only one baby had microphthalmia and the other babies
did not have any organ involvement.

Intrauterine Toxoplasma infection has been associated with
decreased gestational age. In the study of Freeman et al. (12),
the prematurity rate in the babies of mothers with Toxoplasma
infection during pregnancy was 25%, while this rate was 9% in
babies of uninfected mothers. In our study, prematurity rate was
38.8%.

Approximately 10-30% of infants with congenital infection
have clinical signs and symptoms at birth and in early infancy.
Clinical findings vary according to the organ involved in the
congenital infection. Chorioretinitis, intracranial calcification,
and hydrocephalus, also known as the classical triad, is the most
common finding in the diagnosis of CT (4,13).

In our study, 11 (61.1%) patients had clinical signs and symptoms
at the time of diagnosis. Since our study is not a prospective study
including the follow-up of pregnant women, we consider that
asymptomatic and mild cases have not been fully determined.
Similar to the literature, the most common presentation in
patients diagnosed with CT was (55.5%) eye involvement, and
44.4% of the eye involvement was chorioretinitis, In addition
hydrocephalus. Hepatomegaly, intracranial calcification was
found in 27.7%, 22.2% and. 27.7% of the patients respectively.
The eye is the most frequently involved organ in children with
CT. In the 15-year follow-up of children with CT diagnosed in a
national reference laboratory in the USA, chorioretinitis was
reported in 92% of the infants. Chorioretinitis was the most
common complication in the late period. The rate of development
of new lesions in untreated children was reported in 90% of the
patients (8,14).

In a study conducted in Brazil, 71.4% of the cases had
chorioretinitis in early infancy, and the probability of developing
new lesions in patients treated in the first two months of life, and
the severity of the disease was lower than those treated after 4
months of life (15).

In our study, eye involvement was found in 55.5% of our patients
in the early infancy period and chorioretinitis was found in 44.4%.
Active lesion was present in 6 of the patients with chorioretinitis.
Retinal scar was present in 7 of the patients with chorioretinitis,
and 5 of these patients had scars in the macula. In this study, the
median age of the patients was one month and the treatment was
started within the first two months, of age in 15 babies. Among
the patients with CT complicated with chorioretinitis no new
lesions were observed during the follow-up.

In addition to chorioretinitis, patients may have involvement
such as microphthalmia, macular atrophy, macular scar, cataract,
and strabismus. Macular involvement has been reported in
54% of children with CT in North America (16). In our study,
microphthalmia was occured in 6 (33.3%) patients, macular
atrophy and scarring in 5 (27%), and cataract in 2 (11.1%)
patients. In the follow-up of period nystagmus developed in 1
(5.5%) patient. In view of the fact that chorioretinitis can develop
up to time of adolescence, eye examination and follow-up were
performed at regular intervals.

Congenital Toxoplasma is a known cause of hearing loss in infants.
However, data related to its frequency and type of hearing loss
are limited in the literature. It is recommended to perform the
more sensitive auditory brainstem response (ABR) test instead of
routine hearing tests in symptomatic newborns. Early diagnosis
and appropriate treatment reduce its poor prognosis and rarely
develop hearing loss (17). In a study which evaluated 24 children
with CT hearing loss was identified in patients between 22 and
30% (18).

In a study in which 30 infants with CT were evaluated in the first
two months of their lives, sensorineural hearing loss was not
indentified in the patients, but conductive hearing loss associated
with otitis media was identified in 20% of the patients (19). In the
evaluation of 106 infants with CT central hearing impairment was
identified in 27.4% of the infants, conductive and sensorineural
hearing loss was identified in 12.3% and 3.8% of the patients
respectively (20). In our study, a total of 2 (11.1%) patients were
identified to have hearing loss one of the patient developed
hearingloss after birth during follow-up period. The exact ratio of
the number of patients with hearing loss is not known, as routine
ABR testing was not performed on the patients in our study.

The incidence of hydrocephalus has been reported between 30
and 68% in infants with CT.

Inastudy conducted in 120 infants with CT, 96 of whom had severe
clinical findings it was reported that intracranial calcification
with hydrocephalus was detected at a rate of 50% hydrocephalus
can develops more likely in untreated patients with CT (21).
In our study, hydrocephalus occured in 5 (27.7%) patients,
ventriculoperitoneal shunt was placed in three patients and one
patient died due to ventriculoperitoneal shunt complication.

In our study, microcephaly observed in 1 patient at the time
of diagnosis, and microcephaly developed in 2 more patients
during the follow-up, and microcephaly was detected in total of 3
(16.6%) patients. In the literature, the incidence of microcephaly
in infants with CT has been reported to be 15% (8).

It has been reported that 20% of children with CT may develop
seizures, 30-35% hepatosplenomegaly, 25% rash and 60%
jaundice (21). In our study, seizures reported in total of 5 (27.7%)
patients, 2 (11.1%) patients at the diagnosis and 3 patients
developed during follow-up period, 4 patients (22.2%) developed
hepatomegaly and 3 patients (16.6%) hepatosplenomegaly, 2
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(11.1%) patients developed rash in the neonatal period and 5
(27.7%) patients developed jaundice. Cholestasis was determined
in 2 (11.1%) patients who jaundice.

The diagnosis of CT is based on the mother’s history and
serology of toxoplasmosis during pregnancy, the infant’s
Toxoplasma serology and clinical features. Toxo IgM antibodies
can be detected about 1 week after infection and remain elevated
for several months or years. Congenital and acquired acute
Toxoplasma infections can be diagnosed with the detection
of. IgM antibodies of T. gondii. Negative IgM antibody may be
present in 20-50% of patients with CT. Negative IgM antibody
was reported more frequently in patients whose mothers received
treatment before delivery. Toxoplasma IgG antibodies are usually
detected 1-2 weeks after infection, reach their highest value
within 1-2 months, and usually remain at a certain level for life
(8). In newborns CT is mostly asymptomatic. It is hard to make
a diagnosis without information on maternal serologic profile.
Positive IgG and negative IgM antibodies in the first and second
trimesters represents that the infection was acquired before
the current pregnancy. If the initial testing is done in the third
trimester, a negative IgM result will not rule out an infection
acquired early in pregnancy (8). For the proper diagnosis of CT
it is essential to determine paired control of antibodies both
maternal and neonatal sera. IgG antibodies in infants up to one
year or their increase in the first months, lead to diagnosis of CT.
In our study, 8 (44.4%) of the babies had positive Toxoplasma IgM
antibody at the time of initial diagnosis, and 18 (100) patients
had positive IgG antibody.

In the diagnosis of CT, the evaluation of the avidity values of anti-T.
gondii antibodies in conjunction with IgG and IgM antibodies
in the first trimester of pregnancy can assist in distinguishing
between past and recent infections. Depending on the method
used, an individual with a high avidity value is presumed to have
acquired the infection at least 3-5 months ago, while a low avidity
value is considered indicative of a recent infection (4,7,8). In our
study, the Toxoplasma avidity results were available for mothers of
9 (50%) CT infants, with 4% (44.4%) showing high avidity and 5%
(55.5%) showing low avidity. Due to the examination of mothers
at different trimesters and even postpartum in our study, the
role of avidity in diagnosis was limited. However, avidity results
indicate that all these mothers likely experienced Toxoplasma
infection during pregnancy.

Lumbar puncture and cranial imaging are recommended in
patients with clinically suspected CT. In the CSF examination,
increase in bos protein, lymphocytes and monocytes count may
be present in severe cases, CSF protein may be >1 gram. Positive
Toxoplasma PCR can be detected (4). In our study, lumbar puncture
was performed in 8 patients. Median CSF protein was 309 mg/dL.
Toxoplasma PCR was negative in 4 patients.

While hydrocephalus and ventriculomegaly can be evaluated with
cranial USG, calcification, focal brain lesions can be evaluated
more sensitively with cranial tomography cranial MRI is also a
sensitive imagine method in the diagnosis of CT however as a
disadvantage it requires anesthesia. Intracranial calcification was
reported in 50-85%, hydrocephalus in 30-68% of the patients
with CT (8,21). In our study, hydrocephalus was determined in 5
(27.7%) of our patients and intracranial calcification was found in
other 5 (27.7%) of our patients.

It is recommended to use a combination of pyrimethamine,
sulfadiazine and folinic acid for 12 months in the treatment of CT.

It has been reported that severe sequelae that may develop with
early treatment can be prevented (16). The prognosis is generally
poor in infants with obvious signs at birth. In the follow-up of
156 untreated infants with CT, 152 of whom had obvious signs,
the reported mortality rate was 12%, mental retardation was 93%,
seizure development was 81%, severe visual impairment (60%),
hydrocephalus or microcephaly (33%), and deafness was 15%. In
children with subclinical infection, sequelae may develop in the
follow-up. However, there is insufficient data on the frequency
and severity of these sequelae (23).

In our study, all patients diagnosed with congenital Toxoplasma
received treatment consisting of pyrimethamine, sulfadiazine,
and folinic acid. Two patients were treated with bactrim and
clindamycin until the drug was obtained. In our study, the
mortality rate of the patients in 12 years was 5.5%, the incidence
of chorioretinitis-retinal scar was 44%, mental retardation was
38.8%, seizures was 27.7%, the rate of microcephaly development
was 16.6%, and the rate of hearing loss was 11.1%.

CONCLUSION

Our investigation highlighted that the majority of congenital
Toxoplasma cases were diagnosed post-pregnancy and during
the third trimester. Beyond the initial severe impacts, infants
with CT exhibited subsequent complications, including vision
and hearing disorders, along with enduring severe mental effects
during follow-ups. To effectively prevent congenital Toxoplasma
infection, it is crucial to prioritize early diagnosis and treatment
for infants, detect Toxoplasma infection during pregnancy, and
ensure timely and appropriate treatment for pregnant women.
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ABSTRACT

Objective: The aim of this study was to evaluate the pathogenicity of Acanthamoeba strains with T4, T5, T11, and T12 genotypes
by comparing the osmotolerance and thermotolerance characteristics of Acanthamoeba strains isolated from genotype groups,
within species with the same genotype, and from environmental and keratitis cases.

Methods: In this study, after axenic cultures of 22 Acanthamoeba strains with T4 (Neff, A, B, D, E), T5, T11, and T12 genotypes
isolated from clinical and environmental samples, thermotolerance (37 °C, 39 °C and 41 °C) and osmotolerance (0.5 M, 1 M) tests
were performed.

Results: All strains showed growth ability at 37 °C and 0.5 M osmolarity. While all five strains isolated from patients with
Acanthamoeba keratitis showed growth ability at 37 °C and 0.5 M osmolarity, no growth was detected at 41 °C and 1 M osmolarity.
When the tolerance characteristics of the strains with the same genotype were evaluated, the strains with the T5 and T4E
genotypes showed the same characteristics. When Acanthamoeba strains with the T4 genotype were evaluated in general, 31.25%
of the strains were found to grow at 39 °C and 6.25% at 41 °C. Of the T4Neff strains, only one strain did not show the ability
to reproduce at 39 °C and showed a different feature from the other strains. While the strain with the T11 genotype grew at all
temperatures, the strain with the T12 genotype did not grow at 41 °C.

Conclusion: According to our research results, we believe that tolerance to 39 °C and 1 M mannitol is not an indicator of
pathogenicity. More studies with Acanthamoeba strains are required to clarify this issue.

Keywords: Acanthamoeba, osmotolerance, thermotolerance, genotype, pathogen

0z

Amag: T4, T5, T11 ve T12 genotipine sahip Acanthamoeba suslarinda genotip gruplar1 arasinda, aym genotipe sahip tiirler
icerisinde ve cevresel ve keratit olgularindan izole edilen Acanthamoeba suglarinin osmotolerans ve termotolerans 6zelliklerini
kargilagtirarak patojenlikle iligkisini degerlendirmektir.

Yontemler: Bu calismada, klinik ve cevresel rneklerden izole edilmis T4 (Neff, A, B, D, E), T5, T11 ve T12 genotipine sahip sahip
22 tane Acanthamoeba sugunun aksenik kiiltiirleri yapildiktan sonra termotolerans (37 °C, 39 °C ve 41 °C) ve osmotolerans (0,5 M,
1 M) testleri yapilmistur.

Bulgular: Biitiin suglar 37 °C ve 0,5 M osmolaritede tireme yetenegi géstermistir. Acanthamoeba keratitli hastalardan izole edilen
bes sugun tamami 37 °C’de ve 0,5 M osmolaritede iireme yetenegi gosterirken, 41 °C ve 1 M osmolaritede tireme saptanmamugtir.
Ayni genotipe sahip suglarin tolerans ozellikleri degerlendirildiginde T5 ve T4E genotipine sahip suglar ayni 6zellikte bir durum
sergilemistir. T4 genotipine sahip Acanthamoeba suslar1 genel olarak degerlendirildiginde 39 °C’de suslarin %31,25, 41 °C'de
%6,25 susta tireme saptandi. T4Neff suslarindan sadece bir sus 39 °C’de iireme yetenegi gostermeyerek gruptan ayr1 bir 6zellik
gostermigtir. T11 genotipine sug biitiin 1s1 derecelerinde tirerken, T12 genotipine sahip 41 °C’de iirememigtir.

Sonug: Arastirma sonuglarimiza gére 6zellikle 39 °C ve 1 M mannitol toleransin patojenlik géstergesi olmadig1 kanisindayiz. Bu
konunun agikliga kavusabilmesi i¢cin daha ¢ok Acanthamoeba susu ile ¢calismaya ihtiyag vardir.

Anahtar Kelimeler: Acanthamoeba, osmotolerans, termotolerans, genotip, patojen
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INTRODUCTION

Species in the genus Acanthamoeba, an amoeba, can live in natural
ecosystems such as soil, freshwater resources and seas, as well as
in artificial areas such as pools, ventilation systems, operating
rooms. Simultaneously, it has also been isolated from contact
lenses, lens cases, and solutions (1,2). These opportunistic
pathogens can cause Acanthamoeba keratitis (AK), granulomatous
amoebic encephalitis (GAE), Acanthamoeba pneumonia, and
cutaneous acanthamoebiasis (3). The global incidence rate of AK
cases continues to increase and is associated with contact lens
wear as a major factor (4,5). Different strains of Acanthamoeba
spp. cause amebic encephalitis, which causes fatal brain damage
in immunocompromised individuals (3,6). Simultaneously,
Acanthamoeba species act as endosymbionts for viruses, yeasts,
protists, and bacteria that are highly virulence and antibiotic
resistant (7).

In the life cycle of Acanthamoeba spp., there is a trophozoite
form that actively feeds, grows, multiplies and moves, and a
cyst form, which is more resistant to external environmental
conditions (1,8,9). In the trophozoite form, they can survive if
the temperature and pH are suitable and the food is sufficient
(7). However, in the absence of these factors, it turns into a
double-walled cyst consisting of an endocyst and ectocyst. Cysts
resistant to harsh conditions can survive for a long-time and are
antibiotics-resistant, chlorine, and disinfectants (10). When the
conditions are favorable again, it can return to the trophozoite
stage with excistation (11).

The genus Acanthamoeba has been named as more than 20
species, consisting of three different groups based on features of
cyst morphology (12). However, it is very difficult to differentiate
Acanthamoeba species at the species level using morphological
criteria (1). To overcome this problem, in parallel with the
developments in molecular biology and bioinformatics, a new
solution proposal has been developed using the 18S ribosomal
RNA gene (18S rRNA) sequence (13). In this approach, called the
genotype system, strains with a total of less than 5% differences
in the partial sequence of the 18S rRNA gene were collected
under a single genotype (2). In this method, known as the genetic
approach, only the amount of total difference or similarity is
evaluated (14). As a result, although it is divided into three groups
morphologically, it has been divided into 23 genotypes called
T1-T23, until today, by using molecular methods (15,16). AK is
predominantly caused by genotype T4 (17,18). In this genotype, it
consists of T4A, T4B, T4C, T4D, T4E, T4F, and T4Neff subgroups
according to the defined sequence characteristics (2).

In the genus Acanthamoeba, both the ability to reproduce at high
salt concentrations where amoebae in tear fluid can survive and
body physiological temperatures may also be important factors in
pathogenicity (19). In studies, positive Acanthamoeba strains that
reproduced in thermotolerance and osmotolerance experiments
isolated from environmental and clinical specimens were accepted
as potentially pathogenic species (20). Studies have suggested
that Acanthamoeba strains, which are in the same genotype groups
and isolated from various sources, show different osmotolarity
and thermotolarity, thus showing different pathogenic potentials
(9,19,21-27). There is no study comparing both Acanthamoeba
genotypes and pathogen and environmental isolates in terms of
osmotolerance and thermotolerance in studies on strains generally
isolated from environmental sources. The aim of this study was to

compare the osmotolerance and thermotolerance characteristics
of Acanthamoeba strains with T4 (Neff, A, B, D, E), T5, T11,
and T12 genotypes both between genotype groups and within
species with the same genotype, and to compare environmental
and keratitis cases and to compare the osmotolerance and
thermotolerance characteristics of isolated Acanthamoeba strains
and evaluate their relationship with pathogenicity.

METHODS

1. Acanthamoeba Strains and Culture

In the study, 22 strains of Acanthamoeba with T4A, T4B, T4D, T4E,
T4Neff, T5, T11 and T12 genotypes isolated from various sources
such as soil, water sources, the mouse brain, cornea, contact lens
case containers were used (Table 1). While 5SU, 9GU, 3ST, 1BU,
2HH, 11DS, 72/2, Pat06, Z009, and BUD9 of these strains were
obtained from Julia Walochnick, SVS12, SVS6, SVS11, SVS16,
SVS3, SVS5, SVS7, SVS8, SVS10, X2, 4A, and Ac strains were
isolated from various water sources and soil from Sivas/Turkiye
and genotyped.

Acanthamoeba species used in the study were grown monoxenically
on 1.5-2% non-nutritive agar (BDOA) plates smeared with heat-
killed Escherichia coli. After ensuring monoxenic growth of all
strains, axenic culture was performed. PPYG medium [0.75%
(wt/vol)] protease peptone, 0.75% (wt/vol) yeast extract, and
1.5% (wt/vol) glucose) was used for axenic culture. After the
axenically produced Acanthamoeba trophozoites were washed
twice in sterile phosphate buffered saline solution, counted with a

Table 1. Amoeba strains, genotypes, isolation sources used in
the study

Genotype | Strain name | Isolation
1. T4A 55U Contact lens case (38)
2. T4A SVS12 Water
3. T4A 9GU Contact lens case (31)
4, T4B 3ST Keratitis patient, cornea (38)
5. T4B 1BU Keratitis patient, cornea (38)
6. T4D SVSsé Water
7. T4D SVS11 Water
8. T4D SVS16 Water
9. T4E 2HH Keratitis patient, cornea (38)
10. | T4E 11DS Keratitis patient, cornea (31)
11. | T4Neff SVS3 Water
12. | T4Neff SVS5 Water
13. | T4Neff SVS7 Water
14. | T4Neff SVS8 Water
15. | T4Neff SVS10 Water
16. | T4Neff X2 Water
17. | T5 72/2 Mouse brain (21)
18. | T5 Pat06 Keratitis patient, cornea (21)
19. | T5 4A Soil
20. | T5 Ac Soil
21. | T11 7009 Anaconda tissue (21)
22. | T12 BUD9 Hot tub (21)
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thoma slide, counting as 1x105 amoebae/mL (99% trophozoites)
and used for tolerance tests.

2. Tolerance Assays

Thermotolerance assay

10 pL (103 amoeba) of amoeba suspensions prepared from axenic
cultures were inoculated into the BDOA center on which E. coli
was smeared, and the plates were incubated in 37 °C, 39 °C and
41 °C ovens. Amoeba growth was followed under the inverted
microscope and at 10" day, strains with and without growth were
evaluated as positive (+) and negative (-), respectively. Positive
results were considered to be thermotolerance. Experiments were
performed in four repetitions.

Osmotolerance assay

Inoculating 10 pL (103 amoeba) of amoeba suspensions prepared
in the center of 1.5-2% BDOA plates containing 0.5 M and 1 M
mannitol, on which E. coli was applied, were incubated at 25 °C.
Amoeba growth was monitored 10 days later under an inverted
microscope, and strains with and without growth ability were
evaluated as positive (+) and negative (-), respectively. Positive
results were considered as osmotolerance. Experiments were
performed in four repetitions.

Statistical Analysis

No statistical analysis was required in the study.

RESULTS

Tolerance tests were performed on 22 strains of T4 (T4A, T4B,
T4D, T4Neff), T5, T11, and T12 genotypes isolated from clinical
and environmental samples. Of these isolates, 22.72% (5/22) were
from keratitis cases, 45.45% (10/22) from water samples, 9.09%
(2/22) from contact lens case, 4.5% (1/22) from anaconda tissue,
4.5% (1/22) from mouse brain, 4.5% (1/22) from a hot tub, 9.09%
(2/22) from soil isolated. T4 genotype was dominant in 72.72%
(16/22) of the samples, and 4 of the samples in the subgroups of
this genotype were clinical and 12 were environmental samples.
All strains in T4 (T4A, T4B, T4D, T4Neff), T5, T11, and T12
genotypes showed growth ability in both at 37 °C and 0.5 M
osmolarity. While growth was observed in 72.72% (16/22) of the
isolates at 39 °C, only 9% (2/22) of the isolates grew at 41 °C and
showed high thermotolerance. In the osmotolerance test, 40.9%
(9/22) showed strong osmotolerance properties by growing in 1
M mannitol (Table 2).

Tolerance tests were applied to 5 strains (3ST, 1BU, 2HH, 11DS,
Pat06) isolated from patients with AK. As all of these strains
showed growth ability at 37 °C and 0.5 M osmolarity, but no
growth was detected at 41 °C and 1 M osmolarity. Two of these
strains (1BU, Pat06) showed growth ability at 39 °C (Table 2).
When the osmotolerance and thermotolerance characteristics of
the strains with the same genotype were evaluated, the strains
with the T5 and T4E genotypes exhibited the same characteristics.
When Acanthamoeba strains with the T4 genotype were evaluated
in general, 31.25% (5/16) of the strains grew at 39 °C, while
growth was found in 6.25% (1/16) of the strains at 41 °C. Of the
T4Neff strains isolated from environmental samples, because of
only one strain (SVS3) did not show the ability to grow at 39 °C,
showed a different characteristic from the group (Table 2).

While the Z009 strain with the T11 genotype grew at all
temperatures, the BUD9 strain with the T12 genotype did not
grow at 41 °C. These two strains could grow in 0.5 M mannitol
but not in 1 M mannitol (Table 2).

DISCUSSION

Acanthamoeba species are isolated from many sources and are
free-living amoebae, commonly in soil and water. Disease-causing
potentials of these amoebae, which are widely found in nature and
have many species, are being investigated in vitro and in vivo, but
there is no definitive method on this subject. The thermotolerance
and osmotolerance properties of amoebae are used to determine
the potential pathogenicity of these amoeba (25,27). According to
these studies, it is thought that for an amoeba to be considered
as potentially pathogenic, it must exhibit thermotolerant and
osmotolerant properties, as well as various factors. Demonstrating
thermotolerant properties, resisting high temperatures, and
exhibiting osmotolerance in the same way means resisting high
concentration osmolarity. Since these features show the behavior
of the amoeba under stressful conditions, they are considered as
findings pointing to the pathogen effect (25).

In this study, two different tolerance experiments were applied to
22 different strains as those that tolerate different temperatures
(thermotolerants) and different concentrations of mannitol
(osmotolerants). Subgroups of the T4 genotype, most isolated
from environmental sources, and all strains in the T5, T11, and
T12 genotypes grew at 37 °C and 0.5 M mannitol. A few strains

Table 2. Thermotolerance and osmotolerance test results of
Acanthamoeba strains

Genotype :‘:;:‘e“ 37°C [39°C (41°C [0.5M 1M
1. | T4A 55U |+ ] ] . ;
2. | T4A SVS12 | + + - . +
3. | T4A 9GU | + - ] . .
4. | T4B 3ST |+ - - . ]
5. | T4B 1BU |+ . ] . ;
6. | T4D SVS6 | + . ; ; ]
7. | T4D SVS11 | + + - . .
8. | T4D SVSi16 | + + + + -
9. | T4E OHH |+ ] ] . ;
10. | T4E 11DS | + - ] . _
11. | T4Neff SVS3 | + - ] . ;
12. | TANeff SVS5 | + + - . N
13. | T4Neff SVS7 |+ + - . +
14. | T4Neff SVS8 | + + - . +
15. | T4Neff SVS10 | + + - + +
16. | TANeff X2 ¥ + ] N ;
17. | T5 72/2 |+ ¥ - . _
18. | T5 Pat06 | + + - . -
19. | T5 4 + . - . }
20. | TS5 Ac + + - + -
21. | T11 2009 |+ + ¥ + -
22. | T12 BUD9 | + + - + ]
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grew at 39 °C and 1 M mannitol, only two strains were observed
to grow at 41 °C. In previous studies, for tolerance tests applied to
Acanthamoeba strains, those that tolerate 37-41 °C temperature
and 0.5 M-1 M mannitol were accepted as potential pathogenic
species (9,20). In a different study, it was reported that all the
strains isolated from the soil in South Florida grew at 37 °C (19).
Booton et al. (19) in 2004 showed that 22.2% of the strains
isolated from tap water in Cairo, Egypt were osmotolerant and
50% thermotolerant, but these rates reached 15.2% and 58% in
the Delta region (28). In different studies, it has been shown that
66% of the strains isolated from the soil in Ankara, Turkiye are
both osmotolerant and thermotolerant (29). This inconsistency
in the results of all tolerance studies is thought to be related
to the fact that different Acanthamoeba species isolated from
various sources from each study may have different physiological
characteristics. Additionally, although there are many studies on
tolerance tests, there is no study comparing the osmotolerance
and thermotolerance characteristics of Acanthamoeba strains with
T4 (Neff, A, B, D, E), T5, T11, and T12 genotypes, both between
genotype groups and within species with the same genotype.

Itis thought that the in vitro growth of Acanthamoeba samples may
be associated with virulence, partially under high temperature
and osmotic stress. Because the virulence of an isolate is relatively
related to its ability to adapt to and survive the tissues of the
mammalian host (8). It is thought that in vivo experiments are
needed to determine the pathogenic potential of samples isolated
from environmental sources (30). Simultaneously, a higher
ambient temperature is thought to increase the growth of the
thermotolerant Acanthamoeba (30). It has been suggested that
these tolerant strains have evolved through natural selection to
adapt to heat stress in their niche (30).

For an amoeba to be considered potentially pathogenic, it must
exhibit thermotolerant and osmotolerant properties, among
several factors. Because these features show the behavior of the
amoeba under stressful conditions (25). It has been reported that
the growth of Acanthamoeba at 37 °C and above is evidence of its
pathogenic potential (25). It is known that the strains that can
cause AK can grow at 37 °C because the temperature of the human
eyeis 34 °Conaverage (31). Since all strains in the thermotolerance
experiments in this study grew at 37 °C, they may can cause AK.
Two of the five Acanthamoeba isolates isolated from keratitis cases
were higher temperature thermotolerant, whereas the other three
isolates were less thermotolerant and osmotolerant. Ledee et al.
(32) suggested that this may be due to the exposure of keratitis
cornea samples to drugs that may alter physiological properties.
Since the human body temperature is 37 °C in GAE infection, it
has been widely accepted that thermotolerance is a prerequisite
for pathogenicity (31). In the study by Pumidonming et al. (21), it
was emphasized that strains that did not grow at this temperature
most likely did not cause disease, and even did not cause infection
in strains that reproduced.

The T4 genotype is the most common genotype in both
keratitis and central nervous system infections (23). Potential
pathogenicity may be in question in this genotype since both in
this study and in the cases where Acanthamoeba infections, which
are the most common in the world and more than 90% of isolated
cases, gave positive results in tolerance tests (16,23). In the
literature, it has been supported by these studies that T4 strains,
which have a very high growth rate at 37-42 °C and 1 M mannitol,
reproduce both in clinical and environmental sources (21-24,30).

Although not directly vrelated to pathogenicity, the
thermotolerant properties of the genus Acanthamoeba can
reproduce at 37 °C or higher for some clinical specimens (16).
However, as a result of this research, T4D (SVS16) and T11
(Z009) genotypes obtained from environmental sources showed
reproduction at high temperature. While all subgroups of the T4
genotype were grown in 0.5 M mannitol, only 56.25% (9/16) of
them were grown in 1 M mannitol. Its tolerant state at 0.5 M
mannitol is the result of its growth in both environmental and
clinical strains. However, the most important finding in this
study was that there was no growth in 1 M mannitol in the T4B
and T4E genotypes. The strains in these two subgenotypes could
not tolerate 1 M mannitol as they were isolated from keratitis
cases. Simultaneously, since there are no tolerance experiments
for subgroups of the T4 genotype in the literature, this study will
shed light on the studies to be done on this subject.

The T5 genotype is the second most common genotype after the
T4 genotype (33). This genotype has been isolated from both
environmental and clinical cases (7,34). Of the four isolates of
the T5 genotype in this study, only one was isolated from the
clinical case. It has been shown in the literature that T5 isolates
can grow at high temperatures (19,21,26). In the studies, none
of the strains that were thermotolerant at 40 °C could tolerate
1 M mannitol (21). In this study, these strains of both clinical
and environmental origin could grow up to a maximum of 39
°C and 0.5 M mannitol in tolerance experiments. Additionally,
the 72/2 strain isolated from the T5 genotype mouse brain
is the same as the strain used in the study by Walochnik et al.
(21,31). The 72/2 strain exhibited thermotolerant properties up
to 42 °C in thermotolerance experiments (21,31). However, in
the thermotolerance tests in this study conducted in 2022, the
72/2 strain tolerated a maximum temperature of 39 °C. In the
study by Pumidonming et al. (21), in 2010, it was reported that a
decrease in the pathogenicity of Acanthamoeba strains maintained
in long-term axenic cultures was observed. One of the important
findings in this study is to support the view that pathogenicity is
weakened by the decrease in thermotolerance tests of the same
strain after 22 years.

The T11 genotype is among the genotypes found both in
environmental sources and considered as causative agents of
keratitis (19,21). It has been reported that strains with this
genotype can grow at 37-40 °C and tolerate 0.5 M mannitol
(19,26,27,35). Additionally, Hajialilo et al. (35) showed that
strains with the T11 genotype did not grow at 37 °C and 0.5 M
mannitol, while Possamai et al. (26) showed that they tolerated
1 M mannitol. In our study, only one isolate of the T11 genotype
was used, and this strain was isolated from an environmental
source. This isolate could tolerate all temperatures, but only 0.5
M mannitol in osmotolerance experiments.

Because the T12 genotype is the genotype that causes
encephalitis in humans, it is more common in clinical cases, while
its environmental niche is unknown (16,34,36). Simultaneously,
this genotype, which has the most different genotype, is known
to be quite lethal (36,37). In the literature, a thermotolerance
test was applied to this genotype on a strain isolated from a
keratitis case, and it was determined that it could reproduce at
42 °C (18). In our study, it showed growth ability at 37 °C and
39 °C and 0.5 M mannitol in tolerance tests performed on a
single and environmental strain. Compared to the study by
Satitpitakul et al. (18), the clinical strain showed very high growth
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in thermotolerance tests, indicating that different results were
obtained with the growth of the environmental isolate in this
study at a lower temperature. Additionally, thermotolerance tests
for the T12 genotype are quite limited in the literature. To the best
of our knowledge, this is the first study to apply osmotolerance
tests.

CONCLUSION

The temperatures used in the thermotolerance tests in this study
were 37 °C, 39 °C, and 41 °C, respectively, and the concentrations
used in the osmotolerance tests were 0.5 M and 1 M mannitol.
According to the results of tolerance studies in the literature, for
Acanthamoeba to be considered a potential pathogenic species, it
must be able to tolerate both these high temperatures and high
mannitol concentrations. However, in our study, three of the four
strains (3/4) in T4B and T4E genotypes isolated from keratitis
cases had no growth at both 39 °C-41 °C and 1 M mannitol,
we think the classification as insignificant according to high
temperature and high mannitol concentrations for researchers to
associate these studies with pathogenicity.
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ABSTRACT

Objective: The aim of the current research is to evaluate the antiparasite effects of compounds isolated from marine ascidian
tunicates on Trichomonas vaginalis.

Methods: Ascidian tunicates after collection were cut into small pieces, freeze-dried, and powdered. The resulting material was
subjected to extraction in double-distilled water, ethanol, n-hexane, and dichloromethane. To fractionate the extracts and identify
the most bioactive compound, silica gel column chromatography and GC-M/S analysis were used.

Results: Fraction 18 of silica gel column chromatography of ethanol extract was the most effective against T. vaginalis. The
respective IC, , CC, , and SI values for fraction 18 were 28.62 pg/mL, >800 pg/mL, and >27.95. GC-M/S analysis of this fraction
identified a major phenolic compound (2, 4-bis (1, 1-dimethyl ethyl), whose toxicity against vero cells was only 10.15%.
Conclusion: The ethanolic fraction containing phenol-2,4-bis (1,1-dimethylethyl), which has a potent lethality effect on T.
vaginalis, may be considered as an antiparasite drug candidate.

Keywords: Trichomonas vaginalis, tonicate, ascidians, chromatography, GC-MS, metronidazole

0z

Amag: Mevcut aragtirmanin amaci, deniz ascidian tunikatlarindan izole edilen bilesiklerin Trichomonas vajinalis tzerindeki
antiparazit etkilerini degerlendirmektir.

Yontemler: Ascidian tunikatlar toplandiktan sonra kiicitk parcalar halinde kesildi, dondurularak kurutuldu ve toz haline getirildi.
Nihai malzeme, ¢ift damitilmis su, etanol, n-heksan ve diklorometan icerisinde ekstraksiyona tabi tutuldu. Ekstraktlar1 parcalara
ayirmak ve en biyoaktif bilesigi belirlemek icin silika jel kolon kromatografisi ve GC-M/S analizi kullanildi.

Bulgular: Etanol ekstraktinin silika jel kolon kromatografisinin 18. fraksiyonu T. vajinalis’e kars: en etkili olaniyd. Fraksiyon 18
igin ilgili IC, , CC,  ve SI degerleri 28,62 pg/mL, >800 pg/mL ve >27,95 idi. Bu fraksiyonun GC-M/S analizi, vero hiicrelerine kars
toksisitesi yalnizca %10,15 olan énemli bir fenolik bilesigi (2,4-bis (1,1-dimetil etil) tanimladi.

Sonug: T. vajinalis tzerinde gii¢lii 6ldiiriicii etkiye sahip olan fenol-2,4-bis (1,1-dimetiletil) iceren etanolik fraksiyon antiparazit
ilag aday1 olarak degerlendirilebilir.

Anahtar Kelimeler: Trichomonas vajinalis, tunikat, ascidianlar, kromatografi, GC-MS, metronidazol
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INTRODUCTION

Trichomonas vaginalis (T. vaginalis) as a parasitic protozoan is
pathogenic agent of trichomoniasis. It is the most common
sexually transmitted non-viral disease with worldwide spread.
This infection is asymptomatic in some women and most men,
but it can cause various side effects in women, such as unhealthy
pregnancy, infertility, pelvic inflammatory disease and cervical
malignancy. Men with trichomoniasis are mostly asymptomatic
but symptomatic infected women have a wide range of clinical
symptoms from mild to severe (1-3). The global incidence
of Trichomoniasis is 276 million cases per year and is more
common than gonorrhea, syphilis and chlamydia infections (4).
Trichomoniasis causes at least a two-fold increase in the risk of
HIV transmission as well as a four-fold increase in the spread of
the virus (5,6). Studies in Iran have reported the prevalence of
trichomoniasis as follows: 9.2% in Tabriz, 3.3% in Zanjan, 3.2%
in Tehran, 2% in Yazd and Kashan, and 1.2% in Hamadan city (7-
12).

Metronidazole and tinidazole are the only FDA-approved drugs
for the treatment of trichomoniasis, but there have been reports
of drug resistance and treatment failure against these medications
(13-15).

Although research on the effects of the natural substances against
T. vaginalis is scarce in scientific databases but some studies have
published reports on the effects of marine organisms such as
seaweeds, microorganisms and marine fungi against T. vaginalis
(16-20). Tunicates are a diverse group of marine invertebrate
animals and members of the phylum chordata and subphylum
tunicata (21).

To date, 3051 species of tunicates have been identified. These
marine organisms were classified into four major classes:
Ascidiacea, thaliacea, apendicularins and sorberacea, consisting of
2800 species in ascidiacea, 72 species in thaliacea and 69 species
in appendicular (21,22). Ascidians have various chemical defenses
to combat predators in the marine ecosystem, most of which are
synthesized by symbiotic bacteria. These marine organisms are
the deposits of various chemical compounds such as didemnin,
appelidin and trabectedin which are effective against many types
of cancers. In addition, various studies indicate the presence of
antimicrobial compounds in isolated compounds from Ascidians
(23,24).

Most of the compounds extracted from Tunicates have antibiotic,
antitumor, antiviral and immunosuppressive activities (25). The
aim of the current study was to evaluate the effect of the isolated
compounds from the ascidian tunicates on T. vaginalis viability.

METHODS

Sample Collection

Ascidian tunicates were collected on ice from the Haleh shure of,
Bushehr province, Iran. The samples were washed with tap water
and distilled water to remove the contaminants and stored at -70
°C until used.

Extraction

To prepare the aqueous, ethanol, n-hexane and dichloromethane
ascidians extracts, the samples were cut into small pieces,
chopped and were freeze-dried. The dried samples were powdered
by a home grinder. The samples were extracted in double distilled

water and in ethanol 70% (V/V) at 40 °C by overnight maceration
with interval shaking. Also, the n-hexane and dichloromethane
extractions were performed using Soxhlet extractor. All extracts
were filtered with filter paper (Watman, no.1, Merk, Germany)
and the filtrate was concentrated under vacuum to eliminate
the solvent using a rotary evaporator apparatus (Laborota 4000,
Heidolph, Germany), dried, powdered and reserved at -20 °C as
the crude ascidian extracts.

TLC and Silica Gel Column Chromatography

Thin-layer chromatography (TLC Silica gel 60 F,s,) was used to
choice the appropriate solvent and pre-evaluation of sample
solubility for next silica gel G-60 column chromatography. After
each column chromatography the TLC were performed for
identity and composition analysis of the obtained fractions.

Column Chromatography

The silica gel G-60 column chromatography was performed using
(570 cm) glass column and ethanol as the mobile phase. Then,
the ethanolic crude extract which having more anti parasitic
activity was loaded on the column and every 15 minutes the
2.5 mL fractions were recovered. The resulting fractions were
concentrated, dried and refrigerated until used.

GC-MS Analysis

The ascidian F18 fraction with the most cytotoxic effect on
T. vaginalis was subjected to the Gas chromatography-mass
spectroscopy (GC-M/S) analysis equipped with Chemstation
software. For this purpose, 1 pL of samples was injected to the GC-
MS instrument equipped with HP-5MS and mass detector, placed
at 50 °C for 1 min with a heating rate of 1 °C/min. Then, used
300 °C with a heating rate of 15 °C/min, hold time of 20 min, run
time of 66/37 min, injector temperature of 120 °C, MS detector
temperature of 230 °C, ion source and quadrupole temperature
of 230 and 150 °C, respectively. Helium gas with flow of 21.7
mL/min and pressure of 4 psi at a ratio of 30:1 ratio were used as
the carrier. In this experiment, a quadrupole mass spectrometer
with ionization energy of 70eV was used. The corresponding
chemical structure of each peak was identified by comparing the
mass spectra obtained from the chromatogram with the National
Institute of Standards and Technology (NIST) library and by
searching the PubChem database. After detecting the name,
molecular formula and chemical structure of each compound,
the biological and industrial applications of each compound were
determined using the aforementioned database.

Evaluation of Ascidian Effects on T. vaginalis

The T. vaginalis was obtained from Pasteur Institute of Iran. It was
cultured in diamond medium (Merk, Germany) at 37 °C. After
the parasite reached the logarithmic phase, 125 pL of the culture
medium containing 1x10° trophozoites were transferred to the 96
well flat bottom microplate and 125 uL of 20, 40, 80, 100, 200,
400 and 800 pg/mL doses from aqueous and organic extracts,
silica gel G-60 column chromatography fractions, (as tests) were
added to the wells containing T. vaginalis and incubated at 37 °C
(two test sets, 24 and 48 h) The metronidazole as positive control
was used.

For cell viability evaluations, the trypan blue dye exclusion and
MTT assay tests were used. All experiments were performed in
triplicate.
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Cytotoxicity Assay

For cytotoxicity evaluations on mammalian cells, the vero cells
were affected by the obtained ascidian fractions. Ten thousand of
vero cells were cultured (DMEM medium, Gibco, USA) at 37 °C
and 5% CO, for 48 h in pre- trypsinized, PBS washed micoplate in
the presence of 20, 40, 80, 100, 200, 400, 800 pg/mL of ascidian
fractions. Also, the wells containing only vero cells (as negative
control) and cell-free wells (as blank) were considered. The cell
viability was performed by the trypan blue exclusion and MTT
assay test.

Statistical Analysis

The experiments were replicated three times. Statistical analysis
was performed using SPSS Software version: 16.0 (SPSS Inc.,
Chicago, IL) for data analysis, Kruskal-Wallis test and Mann-
Whitney U test were used and p-value <0.05 was considered
significant.

RESULTS

The results showed that the ascidian extracted in water, ethanol,
n-hexane and dichloromethane solvents have increasing lethal

effect on T. vaginalis in dose and time dependent approach. The
lowest percentage of lethality was recorded for the water extract
at the concentration of 20 pg/mL after 24 h incubation, which
almost had no lethal effect. But, the highest lethal effect was for
the ethanolic extract, which at dose of 800 pg/mL caused 60% of
T. vaginalis trophozoites to be killed after 48 hours (Table 1).
Separation and identification of ethanolic extract by silica gel
G-60 column chromatography resulted in the fractions which
subjected to subsequent bioassays. The evaluation of cytotoxic
effects of obtained fractions (tests) and the metronidazole
(positive control) at 20, 40, 80, 100, 200, 400 and 800 pg/mL
doses on the T. vaginalis viability by trypan blue dye exclusion and
MTT cytotoxicity assay revealed that fraction 18 was more active
against target cells (Table 2).

Fraction 18 at a dose of 80 pg/mL showed 100% toxicity (Table 2)
which the IC,  was 28.62 pg/mL (Table 3).

The GC-M/S analysis was used to identify the chemical
composition of the bio-active fractions. The analysis of GC-M/S
peaks and searching in the NIST library and PubChem database
led to the identification of the phenol-2, 4-bis (1,1-dimethylethyl)
compound in Fraction 18 (Table 4).

Table 1. Time and dose dependent screening of Ascidian crude extracts on T. vaginalis

Solvent Water Ethanol n-Hexane Dichloromethane
(%) (%) (%) (%)
Incubation time 24h 48h 24h 48h 24h 48h 24h 48h
20 pg/mL 0 0 3 6.7 0 2 0 0
40 pg/mL 2 3.2 5 10 1 2.40 0 2
80 pg/mL 34 55 7.5 1850 | 224 3 1 3.2
(C:g“/‘::l‘;“ti”s 100 pg/mL 4 6.2 11.45 2450 333 5 3 6.50
200 pg/mL 5.75 7.62 26 33.56 6.67 8.60 6 0
400 pg/mL 6.55 8 31 51 957 1234 | 7.20 13.25
800 pg/mL 8 10 49 60 14.50 18.50 10 15

Table 2. Lethality effects of silica gel G-60 column chromatography fractions on T. vaginalis

Fraction F14 F15 F16 F17 F18 Metronidazole

Incubation time 24h (48h |24h |48h |24h |48h |24h |48h |24h |48h | 24h 48h
20 |15 173 |18 20 20 21 2511 |47.19 |2216 |41.33 |61.18 |82
a0 |27 30 33 3520 |345 3650 491 |69.74 |4473 |7814 |8829 | 100
80 [383 |41 4136 |43.74 |46 4863 |86.33 | 100 89.07 | 100 100 100

(C:g“/‘::l‘;“ti” 100 | 47 50 56.23 |56.50 |62.38 |65 93.42 | 100 94.66 | 100 100 100
200 | 5928 |64 705 |71 76 79.30 | 100 100 100 100 100 100
400 | 80 81.28 |80 8340 |83.04 |87.64 |100 100 100 100 100 100
800 | 90 95 95 99 97 99 100 100 100 100 100 100

Table 3. Cytotoxicity effects of silica gel G-60 column chromatography fractions on T. vaginalis

Fraction F14 F15 F16 F17 F18

Incubation time 24h 48h 24h 48h 24h 48h 24h 48h 24h 48h
CC,, against vero cells 800> 800> 800> 800> 800> 800> 800> 800> >800 >800
IC,, against T. vaginalis 122.50 100 93.34 81.70 76.24 82.46 | 42.09 28.83 44.08 28.62
Selectivity index 6.53> 8.00> 8.57> 9.79> 10.49> >9.70 | >19.00 27.75> | >18.15 | >27.65

CC,,: Cytotoxic concentration, IC, : Inhibitory concantration
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Table 4. GC-MS compositional analysis of Ascidian F18 fraction

Fraction Compound Mulecular formula Stracture

F18 phenol-2, 4-bis (1,1-dimethylethyl) C14H220

Table 5. Toxicity effects of silica gel G-60 column chromatography fractions on vero cells

Fraction F14 F15 F16 F17 F18

Incubation time 24h 48h 24h 48h 24h 48h 24h 48h 24h 48h

20 2.67 1.87 0.11 1.00 0.00 0.49 1.00 1.87 0.21 0.77

'.g 40 2.79 2.89 0.70 1.58 0.33 1.00 0.67 1.00 1.00 141
Ee 80 3.00 3.65 1.00 1.63 1.89 4.66 1.00 1.91 1.91 291
\; 100 3.51 4.00 1.74 2.00 7.67 6.00 1.49 5.00 2.00 3.69
e
k] 200 5.00 6.00 2.37 2.81 9.00 11.00 4.00 10.80 4.63 6.29
-
E 400 6.00 6.51 14.00 15.00 9.30 13.89 4.06 11.00 5.89 9.67
v
g
8 800 10.50 13.89 14.50 17.93 10.00 | 16.88 7.00 16.89 10.00 10.15

Also, the results showed that the metronidazole (as positive
control) at dose of 80 pg/mL caused 100% toxicity after 24-h
incubation and at 40 pg/mL after 48 h incubation (Table 2).

The vero cell line was used to evaluate the toxicity of ascidian
compounds on mammalian cells. Incubation of vero cells in the
presence of fraction 18 at doses of 20-800 pg/mL showed, that
this fraction has the most inhibition effect on T. vaginalis growth
with very low toxicity against vero cells although at high doses
(Table 5).

DISCUSSION

Trichomoniasis is the most common non-viral sexually
transmitted infection. There have been many reports of a
relatively high incidence of this infection especially, in developing
countries (4,7-11). On the other hand, there are frequent and
reliable reports of the underlying cause of this infection for
cervical and prostate malignancies in men, as well as facilitating
HIV transmission (1-6).

Given that no approved vaccine has been available to prevent
this infection so far, we need to think about a new drug to treat
this infection effectively. The current treatments of choice for
trichomoniasis are metronidazole and tinidazole. Studies have
shown that metronidazole not only has significant side effects,
but also there are reports of many cases of treatment failure and
drug resistance (13-15). So, finding an effective and low-cost drug
to treat this infection is one of the priorities.

In the past few decades, marine organisms have been one of
the promising sources for finding medicinal and nutritional
compounds. Among the wide range of marine organisms,
Tunicates, especially the Ascidians, have received special
attention, and promising reports have been published on the
efficacy of secondary metabolites extracted from these marine
organisms against bacteria, viruses, fungi, and malignancies, but
there are few studies to evaluate the effect of these metabolites
against T. vaginalis (26-35). Our study showed that among the
solvents used to achieve the extracts from ascidians, ethanol as

a suitable solvent was able to extract more effective compounds
(60% parasite death at 800 pg/mL dose). The silica gel G-60
column chromatography resulted in the separation of 18 different
fractions and, the bioassay against T. vaginalis revealed that
fraction 18 showed significant dose and time dependent lethal
effects. The IC,, CC, and SI values were 28.62 pg/mlL, >800 pg/
mL and, 27.95 respectively. Cytotoxic analysis of F18 against vero
cells showed that this fraction at the concentration of 800 pg/mL
had the lethality rate of 10.15% and the maximum concentration
of this fraction (800 pg/mL) could not have a 50% inhibitory
effect against vero cells, so, it was not possible to calculate the CC_
definitive values for this fraction. Therefore, the CC_ values for
all fractions were estimated as >800 pg/mL. Due to the very low
toxicity of all fractions against vero cells, especially the fraction18
that have shown high toxicity against T. vaginalis, the calculated
SI value for this fraction was >27.95.

The GC-M/S analysis of fraction 18 showed that, phenol-2,4-bis
(1,1-dimethylethyl) with the chemical formula of C14H220; is
a phenolic compound. Some studies confirmed the antioxidant
(36) and antifungal activity of phenol-2,4-bis (1,1-dimethylethyl)
against Aspergillus niger, Fusarium oxysporum and Penicillium
chrysogenum (37). Also, in a study which investigated the
phenol-rich extracts from plants against Giardia lamblia,
different concentrations of these extracts inhibited the growth
of the protozoa in the culture medium. In that study, the most
inhibitory effect was 275 pg/mL (38). In another study, the
effects of extracts containing phenolic compounds at the
concentrations of 125 and 250 mg/mL were investigated on L.
infantum, Leishmania braziliensis and Trypanosoma cruzi in the
culture medium and the results as lethality percentages were
54.27%, 80.39% for Leishmania infantum, and 68.61%. 80.159%
for Leishmania braziliensis and 54.45%, 22.26% for Trypanosoma
cruzi respectively (39). Another study evaluated the ethanol
extract of three plant species containing phenolic compounds
against Leishmania spp. and Trypanosoma spp., and found that the
lethality percentages were 63.8% for Leishmania braziliensis, 95%
for Leishmania infantum and 63% for Trypanosoma cruzi (40). As in
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our results, Ezz Eldin and Badawy (41) investigated the effects of
two plant extracts containing phenolic compounds on T. vaginalis
and showed that these compounds have an increasing lethality in
time and dose dependent manner.

CONCLUSION

The biological assay of F18, containing the phenol-2,4-bis
(1,1-dimethylethyl, showed that this fraction at the concentration
of 80 pg/mL caused 100% parasite death and its IC_, CC, , and SI
values were 28.62 pg/mL, >800 pg/mL and >27.95 respectively.
Then, based on the bioassay results from the evaluation of fraction
F18 effect on the T. vaginalis, it showed potent anti-parasite
effects. Other studies on the phenolic potential compounds
such as phenol-2,4-bis (1,1-dimethylethyl) and other alkaloid
derivatives indicated a wide range of biological effects and caused
death or inhibition of cancer cells, bacteria, viruses, fungi and the
parasites. Therefore, our study indicates that ascidians, which are
a source of biologically active compounds especially the phenolic,
with anti T. vaginalis activity, can be considered as a therapeutic
drugs after further more details investigations.
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Amag: Caligmada Firat Universitesi Tip Fakiiltesi Parazitoloji Laboratuvarrna Ocak 2018-Aralik 2021 tarihleri arasinda bagvuran
kisilerde saptanan bagirsak parazitlerinin dagiliminin incelenmesi amaglanda.

Yontem: Ocak 2018-Aralik 2021 tarihleri arasinda Firat Universitesi Tip Fakiiltesi Parazitoloji Laboratuvarr'na bagvuran toplam
24,432 hastaya ait parazitolojik tetkik raporlar1 bagirsak parazitlerinin varlig agisindan retrospektif olarak incelendi.

Bulgular: Ocak 2018-Aralik 2021 tarihleri arasindaki dért yillik dénemde disk: ve selofan bant érnekleri incelenen toplam
24,432 (erkek: 12,887, %52,8; kadin: 11,545, %47,2) hasta calismaya dahil edildi. incelenen 24,432 hastanin 335’inde (%1,4)
bagirsak parazitine rastlandi. En sik tespit edilen parazit Giardia intestinalis (n=149, %486,6) iken, ardindan Entamoeba coli (n=123,
%38,5) ve Enterobius vermicularis (n=28, %8,6) gelmekteydi. Parazit saptanma oranlarinin yillara gére dagilim: incelendiginde en
yiiksek oranmin 2021 en diigiik oraninin ise 2019 yilina ait oldugu gérildii.

Sonug: Intestinal parazitik enfeksiyonlar (IPE) diinyada ve iilkemizde 6nemini koruyan énemli halk saghg1 sorunlarindan biridir.
IPE dagilimini toplumun egitim dizeyi, sosyo-ekonomik durumu, altyaps, iklim gibi cesitli faktorler etkilemektedir. Yillara gore
parazit dagilimina baktigimizda 2018 yilinda %1,3; 2019 yiinda %1,13; 2020 yilinda %1,18; 2021 yilinda ise %2,03 olarak
saptadik. Intestinal parazit goriilmedeki bu artisin bolgemizde yasanan depremden kaynakl altyap: ve barinma sorunlarindan
kaynaklandigini diigtiniiyoruz.

Anahtar Kelimeler: Giardia intestinalis, bagirsak parazitleri, yayginhk, deprem

ABSTRACT

Objective: In this study, it was aimed to examine the distribution of intestinal parasites detected in people who applied to the
parasitology laboratory of Firat University Faculty of Medicine between January 2018 and December 2021.

Methods: Parasitological examination reports of a total of 24,432 patients who applied to the Parasitology Laboratory of Firat
University Faculty of Medicine between January 2018 and December 2021 were examined retrospectively for the presence of
intestinal parasites.

Results: A total of 24,432 (male: 12,887, 52.75%; female: 11,545, 47.25%) patients whose stool and cellophane tape samples were
analyzed during the four-year period between January 2018 and December 2021 were included in the study. Intestinal parasites
were found in 335 (1.4%) of the 24,432 patients examined. The most frequently detected parasite was Giardia intestinalis (n=149,
46.6%), followed by Entamoeba coli (n=123, 38.5%) and Enterobius vermicularis (n=28, 8.6%). When the distribution of parasite
detection rates by years was examined, it was seen that the highest rate was in 2021 and the lowest rate was in 2019.
Conclusion: Intestinal parasitic infections (IPE) are one of the most important public health problems in the world and in our
country. Various factors such as the education level of the society, socio-economic status, infrastructure and climate affect the
distribution of IPE. When we look at the distribution of parasites by years, it is 1.3% in 2018; 1.13% in 2019; 1.18% in 2020; In
2021, we found it to be 2.03%. We think that this increase in intestinal parasites is caused by the infrastructure and sheltering
problems caused by the earthquake in our region.

Keywords: Giardia intestinalis, intestinal parasites, prevalence, earthquake
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GIRig

Protozoonlar ve helmintler dahil olmak tzere bagirsak parazit
enfeksiyonlari orta ve diigiik gelirli iilkelerde 6nemli bir morbidite
ve mortalite nedenidir (1,2).

Bagirsak parazitleri ile iligkili enfeksiyonlara bagh 6liim orami
disiik olmasina ragmen bagirsak parazit enfeksiyonlar: dinya
genelinde o¢zellikle ¢cocuklarda kronik ishal, yetersiz beslenme
ve bozulmus zihinsel gelismeye neden olarak iki milyardan
fazla insam etkileyebilmektedir (3,4). Dunya capinda Ascaris
lumbricoides 819 milyon insani enfekte ederek en sik goriilen
helminttir, ardindan Trichuris trichiura ve kancali kurt, sirasiyla
464,600 ve 438,900 milyon insani infekte etmektedir (4-7).
Giardia intestinalis ve Entamoeba histolytica/dispar en yaygin
gorillen iki bagirsak protozoonlarnidir (4,8). Diger bagirsak
parazitleri Cryptosporidium sp., Cystoisospora belli ve Strongyloides
stercoralis bagisikhign baskilanmis hastalarda yaygin olarak
bulunur (4-8).

Intestinal paraziter enfeksiyonlarm bulasi toprak, su ve
yiyeceklerin digkiyla kontaminasyonuyla veya insandan insana
direkt fekal oral yolla olmaktadir (1).

Intestinal paraziter enfeksiyonlar diinyada oldugu kadar
iilkemizde de 6énemli halk sagh@ problemlerinden biridir. Bu
enfeksiyonlarin gérilme sikligini egitim dizeyi, sosyo-ekonomik
durum, temizlik, beslenme diizeni, altyap: ve iklim kogullar
etkilemektedir (9). Tirkiye'deki intestinal parazitlerin dagilimi
ozellikle sosyo-ekonomik diizeyi digiik olan Dogu ve Giineydogu
Anadolu Bolgeleri'nde diger bélgelere oranla daha yaygin goriilerek
bolgesel farklilik gosterir. Bolgeler arasindaki bu farkliligin baglica
sebepleri egitim diizeyinin diisitk olmasi, hijyen kurallarina yeteri
kadar uyulmamasi, icme suyunun genellikle acik su kanallarindan
temin edilmesi, altyap: yetersizligi ve bazi su bitkilerinin ¢ig
olarak tiiketilmesi olarak gériilmektedir (10-14).

Bagirsak parazitleri asemptomatik olarak seyredebilecegi gibi;
bulanti, kusma, ishal, kabizlik, buyiime ve gelisme geriliginden;
alerjik reaksiyonlar, dis gicardatma, agizdan salya akmasi ve
perianal bolge kagintis: gibi semptomlara kadar farklh sikayetlere
neden olabilir (15,16).

Intestinal parazitlerin prevalansini saptamaya yénelik yapilan
epidemiyolojik ¢alismalar bu hastaliklara karsi gelistirilecek
korunma ve tedavi yéntemlerinin tamimlanmasina olanak
saglamaktadir.

Paraziter hastaliklarin tamisinda bircok yeni yéntem gelistirilse
de en yaygin kullanilan tanm yontemi hala direkt mikroskobik
incelemedir. Direkt mikroskobik incelemenin avantajlari, hem kisa
siirede sonug¢lanmas: hem de uygulama kolaylhigidir. Bu nedenle
direkt mikroskobik inceleme bir¢cok rutin tani laboratuvarinda
paraziter enfeksiyonlarin tamisinda kullanilmaktadir. Farkh
ginlerde alinan ¢ ayr1 6rnegin degerlendirilmesi mikroskobik
tanidaki bagariyr artirmaktadir (17). Bununla birlikte, ELISA,
immiinokromatografik kart testler ve molekiiler yéntemler de
tanida kullanilmaktadir (18).

Calismada tip fakiiltesi hastanesi parazitoloji laboratuvarina Ocak
2018-Aralik 2021 tarihleri arasinda bagvuran kigilerde saptanan
bagirsak parazitlerinin dagiliminin incelenmesi amaglanmistir.

YONTEMLER

Caligmanin yapilabilmesi i¢in Firat Universitesi Girisimsel
Olmayan Aragtirmalar Etik Kurulu'ndan etik kurul izni (2023/01-
08) alindi.

Ocak 2018-Aralik 2021 tarihleri arasinda tip fakiiltesi hastanesi
parazitoloji laboratuvarina bagvuran toplam 24,432 hastaya
ait parazitolojik tetkik raporlar: bagirsak parazitlerinin varhig:
agisindan retrospektif olarak incelendi. Calismamiz retrospektif
oldugu i¢in hasta onay bilgisine gerek duyulmada.

Digki 6rnekleri 6nce makroskobik ardindan mikroskobik olarak
incelendi. Mikroskobik inceleme i¢in serum fizyolojik ve lugol
soliisyonu kullanilarak hazirlanan preparatlar x10, x40 ve x100
objektif buyttmede 15tk mikroskobunda incelendi. Protozoon
varlig1 agisindan siiphelenilen 6rnekler trikrom boyama yéntemi
ile boyanarak degerlendirmeye alindi. Alinan selofan bant
6rnekleri ise mikroskopta x10 ve x40 buyiitmede direkt olarak
incelendi. Blastocystis apatojen olarak degerlendirildi.

istatistiksel Analiz

Galigmada elde edilen bulgularin istatistiksel analizlerinde SPSS
23.0 programi kullanilds, niteliksel verilerin karsilagtirilmasinda
ki-kare testi kullanildi. Calismada p<0,05 degeri istatistiksel
olarak anlamli kabul edildi.

BULGULAR

Ocak 2018-Aralik 2021 tarihleri arasindaki dért yillik dénemde
digk: ve selofan bant érnekleri incelenen toplam 24,432 (erkek:
12,887, %52,8; kadin: 11,545, %47,2) hasta calismaya dahil
edildi (Tablo 1). Incelenen 24,432 hastanin 335’inde (%1,4)
bagirsak parazitine rastlandi. Parazit saptanma oranlarinin
yillara gére dagilimi incelendiginde en yitksek oranin 2021 en
diigik oranmmin ise 2019 yilina ait oldugu gorildii (Sekil 1).
Parazit tespit edilen hastalarin %58,1’inin erkek, %41,9’unun ise
kadin oldugu gorildi. Parazit gorilme sikligy erkek hastalarda
istatistiksel olarak anlamli bulundu (p<0,05). Hastalarin yas
ortalamalar1 31,19 (0-89 yas arasinda) olarak saptandi. Parazit
saptanma oranlarinin aylara gore dagilimi incelendiginde en fazla
ve en az parazit saptanan aylar sirasiyla Nisan ve Ekim aylariydi.

Tablo 1. 2018-2021 yillar1 aras: incelenen digk: 6rneklerinin

cinsiyete gore dagilimi

Cinsiyet incelenen olgu Pozitif olgu
n (%) n (%)
Kadin 11,545 (%47,25) 31 (%41,9)
Erkek 12,887 (%52,75) 43 (%58,1)
2,5
2
1,5
1
0,5
0
2018 2019 2020 2021

Sekil 1. Parazit saptanan olgularin yillara gére dagihm ytizdesi
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Mevsimsel dagilim incelendiginde intestinal parazit en fazla
ilkbahar, en az ise sonbahar mevsiminde oldugu gériildi (Sekil 2).
En sik tespit edilen parazit G. intestinalis (n=149, %46,6) iken,
ardindan Entamoeba coli (n=123, %38,5) ve Enterobius vermicularis
(n=28, %8,6) gelmekteydi (Tablo 2).

TARTISMA

Intestinal parazitik enfeksiyonlar (IPE) diinyada ve tlkemizde
6nemini koruyan énemli halk saghgi sorunlarindan biridir
(17). IPE dagilimini toplumun egitim diizeyi, sosyo-ekonomik
durumu, altyaps, iklim gibi cegitli faktérler etkilemektedir (19).
Bu enfeksiyonlardan korunmak ve tedavi stratejilerini belirlemek
i¢in epidemiyolojik verilere ihtiya¢ vardir (20).

Ulkemizde parazitlerinin gériilme oranlari yillara ve bolgelere
gore degiskenlik gostermektedir. Ulkemizde 1978 yilinda bagirsak
parazitlerinin bélgesel yayginhg: ile ilgili yapilan calisgmada
Marmara Bolgesinde %10-34, Karadeniz Bolgesinde %54-94,
Ege Bolgesinde %12-40, Akdeniz Bolgesinde %55-80, I¢ Anadolu
Bélgesinde %50-75, Dogu Anadolu Bolgesinde %60-94 ve
Guineydogu Bolgesi'nde bélgesinde %64-96 oranlarinda intestinal
paraziter enfeksiyonlarin gorilldagii bildirilmigtir. Ulkemizin
batisindan dogusuna gittik¢e paraziter enfeksiyonlarin gériilme
oraninin arttigini bulmuslardir (21). izmir'de Bayindir Bilman ve
Yetik’in (22) 2014-2018 yillar1 arasindaki bagirsak parazitlerinin
epidemiyolojisi ¢aligmalarinda 24,651 Gaita 6rnegi incelenmis
%4,9 oraninda intestinal parazit saptamiglardir. Sivas’ta Polat ve
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Sekil 2. Parazit saptanan olgularin mevsimlere gére dagilim

yiizdesi

ark./nin (16) yaptig1 calismada 5057 Gaita 6rnegi incelenmis 532
(%10,5) olguda bagirsak paraziti saptanmigtir. Biz caligmamizda
intestinal parazit oramim %1,37 olarak tespit ettik.
Hastanemizde 1988-1990 yillar1 arasinda yapilan bir ¢alismada
%28.6, 1997-2001 yillar1 arasinda yapilan diger ¢aligmada ise
%16,09 oraninda bagirsak paraziti saptandigy bildirilmigtir
(23,24). Aralik 2004 ve Kasim 2005 tarihleri arasinda yine
hastanemizde yapilan bir caligmada 1,218 Gaita 6rnegi incelenmis
210’unda (%17,24) bir veya birden fazla parazit saptanmistir (25).
Bizim yaptigimiz ¢alismadaki intestinal parazit goriilme oraninin
(%1,37) hastanemizde 6nceki yillarda yapilan ¢alismalara gére
daha dustk olmasi altyapr sorunlarinin dizeltilmesi, halkin
artan sosyo-kiltiirel seviyesi, halkin hijyen kurallarina uymas:
oldugunu digtinmekteyiz.

Sivas'ta Ocak 1993-Aralik 2006 tarihleri arasindaki bagirsak
parazitlerinin dagihminin incelendigi ¢aligmada patojen parazit
dagihminda en sik Giardia intestinalis (%12,4) ikinci siklikta
Taenia saginata (%4,1) tespit etmiglerdir. Yillara gére intestinal
parazit dagiiminda disiis oldugunu bulmuslar; bu dusiisin
yillar icinde bolgenin altyapisindaki olumlu gelismelerden
ve halkin sosyo-kiltiirel diizeyindeki artistan kaynaklandig:
sonucuna varmiglardir (26). Istanbul'da yapilan bir ¢alismada
Ocak 2012-Aralik 2018 tarihleri arasinda laboratuvara bagvuran
hastalarin parazitolojik inceleme sonuglari degerlendirilmis en
sik patojen olarak Giardia intestinalis ve Enterobius vermicularis
saptamiglardir. Yillara gore dagihmin incelendigi calismada
bagirsak parazit enfeksiyonlarinin gérillme oranlarimin yillara
gbre azalma egilimi gosterse de ginumizde halen 6nemini
korumaya devam etmekte oldugu sonucuna varmiglardir (16).
Bolgemizde yapilan 2011-2020 yillarinda bagirsak parazitlerinin
incelendigi calismada intestinal parazit etkeni olarak en sik Giardia
intestinalis (%31,9) saptamiglardir (27). Biz de ¢aligmamizda
onceki calismalari destekler sekilde intestinal parazit olarak
en sik Giardia intestinalis (%46,6) saptadik. Yapilan bagka bir
calismada en sik saptanan intestinal parazitlerin G. intestinalis
(%43,3) ve Taenia spp. (%36,4) oldugu goriillmustir (26). Ozellikle
patojen bagirsak parazitlerinin ele alindig Sivas’ta yapilan bir
calismada, protozoonlardan G. intestinalis (%6,9), helmintlerden
ise E. vermicularis'in (%10,8) en sik intestinal parazit oldugu
saptanmigtir (29). Yaptigimiz calismada en sik G. intestinalis
(%46,6), ikinci sirada E. coli (%38,5) gorildugiini saptadik. En
sik saptadigimiz t¢tincii sirada yer alan E. vermicularis'in (%8,6)
gorilme nedeninin ise tuvalet sonras kigisel hijyen eksikliginden
kaynaklandigini diisinmekteyiz.

Tablo 2. Yillara gére saptanan parazitlerin dagilimi

2018 2019 2020 2021
Etken Say1 (n) % Say1 (n) % Say1(n) | % Say1(n) | %
Entamoeba coli 33 33,3 43 445 22 47 29 32,2
Giardia intestinalis 56 56,7 48 49,5 15 32 36 39,1
Enterobius vermicularis 6 6 1 1 0 0 21 23
Taenia spp. 3 3 2 2 0 0 2 2,1
Hymenolepis nana 0 0 1 1 1 2,1 1 1
Chilomastix mesnilii 0 0 1 1 6 12,6 3 3,2
Dicrocellium dentricum 0 0 0 0 1 2,1 0 0
Entemoeba histolytica/dispar 1 1 1 1 2 4,2 0 0
Toplam (n) 99 100 97 100 47 100 92 100
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Yaptigimiz calismada en sik parazit saptadigimiz ay Nisan ayi,
en sik mevsim ilkbahardir. Yapilan bir ¢aligmada, parazitlerin
daha siklikla Subat-Haziran aylari arasinda ve Agustos ayinda
saptandigi bildirilmistir (30). Yine Tamer ve ark’min (31)
arastirmasinda ise parazitlerin yaz ve ilkbahar aylarinda artig
gosterdigi rapor edilmigtir. Bunun aksine Giiler ve Sier’in (32)
yaptigi calismada, aylara ve mevsimlere gore intestinal parazitlerin
dagilimi; Ekim ve Kasim aylarinda daha yiiksek oran saptanmig
ve sonug olarak intestinal parazitlerin en sik sonbahar aylarinda
gorildugi tespit edilmistir. Intestinal parazit gérillme oranindaki
bu farkhiligin calismalarin yapildig: bélgelerin iklim farklihigindan
kaynaklandigim diistinmekteyiz.

Bazi caligmalarda intestinal parazit gérilme oraninin cinsiyetler
arasinda anlamhi fark oldugu saptanmigtir. Aragtirma ve
uygulama hastanesinde 2003-2007 yillar1 arasinda saptanan
bagirsak parazitlerinin = dagilmini  inceledikleri ¢aligmada
parazit yéninden degerlendirilen pozitif 6rneklerin %7,3’tntn
erkeklere, %5,6’'sinin ise kadinlara ait oldugu saptanmis olup
cinsiyete gore parazit saptanma sikligi konusunda istatistiksel bir
yorum yapilmamuigtir (31). 2011-2015 yillar1 arasinda incelenen
diski 6rneklerinde paraziter enfeksiyon sikliginin aragtirildig:
calismada pozitiflik orami kadinlarda (%50,5) erkeklerden
(%49,5) daha yiiksek bulunmusgtur (11). Yaptigimiz bu ¢calismada
ise erkeklerde (%58,2) kadinlardan (%41,8) daha fazla intestinal
parazit pozitifligi tespit edilmis olup istatistiksel olarak anlamh
fark bulunmusgtur (p<0,05).

Turkiye’nin Elazig ilinde 24 Ocak 2020 tarihinde meydana gelen
ve basta Elazi§ ve Malatya olmak tizere tim Dogu Anadolu
Bolgesi'ni etkisi altina alan merkez tissit Elazig'in Sivrice ilcesi
olan depremde 44 kisi 6ldu ve yaklagik 1607 kisi hafif ve orta
derecede yaraland:i (33). Bizim c¢alismamizda da yillara goére
intestinal parazit gériilme oram diigerken ilimizde 2020 yilinda
yasanan deprem sonucunda altyap: ve barinma sorunu ortaya
ctkmistir. Ayni zamanda kigisel hijyene de dikkat edilemeyen bu
dénemden sonra intestinal parazit orani artmigtir. Bunun altyapi,
barinma ve hijyen eksiginden kaynaklandigini diisinmekteyiz.
Haiti'de yapilan bir calismada Haiti'deki ilk kolera olgularinin uilke
tarihinin en yikiaa depremlerinden birini yagsamasindan dokuz
ay sonra goruldugi bildirilmigtir. 2010 Haiti depremi sonrasi
kolera ve diger akut ishal etkenlerinin aragtirildig: bu ¢alismada
bolgedeki diger kolera salginlariyla karsilasgtirildiginda, Haiti
salgini bolgedeki en siddetli salgin olarak kabul edilen Peru’daki
salgindan t¢ kat daha yaygin olarak olarak bulmusglardir (34).
Yillara gore parazit dagihmina baktigimizda 2018 yilinda %1,3;
2019 yilinda %1,13; 2020 yilinda %1,18; 2021 yilinda ise %2,03
olarak saptadik. Intestinal parazit gorilmedeki bu artisin
bolgemizde yaganan depremden kaynakh altyap: ve barinma
sorunlarindan kaynaklandigini diistintiyoruz.

Calismanin Kisitliliklar:

Caligmamizin  siurhibklarn  Blastocystis — apatojen  olarak
degerlendirildigi i¢in 6rnek incelemelerinde dikkate alinmamugtur.
Bu yiizden retrospektif olarak hasta dosyalarim taradigimiz bu
calismada Blastocystis paraziti verisine ulagilamamigtir. Deprem
sonrast Blastocystis parazitinin intestinal enfeksiyon oram

hakkinda veriler verilememistir.

SONUC

Sonug¢ olarak yapilan calismalarda ve bizim calismamizda da
oldugu gibi bolgelerin altyapisindaki diizelmeler, halkin artan
sosyo-kiiltiirel seviyesiyle intestinal parazit gorilme oranim
azalmaktadir. Ancak meydana gelen dogal afetler intestinal
parazit gérilme oranim etkileyebilmektedir. Bununla ilgili daha
fazla epidemiyolojik calismalarin yapilmas: afet sonrasi yonetime
yol goéstermek icin 6nemli oldugunu distinmekteyiz. Aym
zamanda meydana gelen deprem sonrasi gegici sosyal altyapinin
kurulmas: olarak tanimlanan ve normal yasama gecinceye kadar
barinma, beslenme ve altyap: hizmetlerine ait gegici ¢éziimlerin
yer aldifi iyilestirme agamasina ivedilikle gecilmesi, bu agamalarin
iyilegtirilmesi intestinal parazit sikligim azaltabilecegi sonucuna
varmaktayiz.
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Amag: Bu calisma ile Sivas ili ilk6gretim ¢ag1 cocuklarindaki bagirsak paraziti ve bag biti goriilme sikliginin arastirilmasy, i¢ ve dig
parazitlerin birlikte gorillmesi arasindaki muhtemel iligkinin ortaya konulmas: amag¢lanmgtir.

Yontem: Sivas Karsiyaka ilkokulu, Kilavuz IMKB flkokulu, Karstyaka 27 Haziran Ortaokulu olmak tizere Sivas merkezde iic okulda
calisma yuratalmustir. Calismada 6-17 yas arasinda degisen, 294t kiz ve 269’u erkek olmak tizere toplam 563 ¢ocukta bas biti
ve bagirsak parazitlerinin varhig: aragtirilmigtir. Siif égretmenleri ve 6grencilere, bagirsak parazitleri ve bag biti, bulagma ile
korunma yollar1 hakkinda bilgiler verilerek, anket uygulanmigtir. Bit taramasi yapilirken 6grenciler tarakla muayene edilerek,
sirke bulunan 6rnekler laboratuvarda mikroskop altinda incelenmistir. Caligmaya katilanlardan alinan ve nativ-lugol, yiizdirme
yontemi ve trikrom boyama yéntemi uygulanan digki érnekleri ve selofanbant aymi giin 11tk mikroskobunda (x10, x,40, x100)
incelenmigtir.

Bulgular: Bas biti agisindan degerlendirilen 563 ¢ocuktan 15'inde (%2,6) pozitiflik saptanmistir. Inceleme sirasmda 6grencilerin
1T’inde (%1,9) sadece sirke, 4’tinde (%0,7) ise erigkin bit ve nimfler gértilmiistiir. Calhismada 269 erkek cocugun 2’sinde (%0,7)
pozitiflik saptanirken, 294 kiz cocugunun 13’tnde (%4,2) pozitiflik saptanmigtir (p<0,05). Digk: incelemesi sonucunda, Entamoeba
coli 11 (%1,95), Giardia intestinalis 4 (%0,71), Blastocystis sp. 14 (%2,48), Enterobius vermicularis 8 (%1,42), Taenia spp. 2 (%0,35)
cocukta saptanmistir. Tki cocukta bit infestasyonu ve Taenia spp. (%0,35) birlikteligi gozlenmistir.

Sonug: Sonug olarak, Sivas ilinde ilkokul ¢ag1 cocuklarinda, daha énce ilimizde yapilan ¢alismalar dikkate alindiginda belirgin bir
azalma goze carpmakla birlikte hala bag biti ve bagirsak parazitleri saptanmaktadir.

Anahtar Kelimeler: Pediculus capitis, bagirsak parazitleri, prevalans, cocuk

ABSTRACT

Objective: The purpose of this study was to investigate the prevalence of intestinal parasites and head lice in primary school-aged
children and to determine a possible relationship between the co-occurrence of ecto-endoparasites

Methods: The study were conducted in three schools in the center of Sivas: Sivas Karsiyaka Primary School, Kilavuz IMKB
Primary School, and Karsiyaka 27 June Middle School. The presence of head lice and intestinal parasites was investigated in a
total of 563 children aged 6 to 17, with 294 girls and 269 boys. Classroom teachers and students were provided with information
about intestinal parasites, head lice, and methods of transmission and prevention, and a questionnaire was administered. During
the head lice examination, students were inspected with a comb, and samples with nits were examined under a microscope in the
laboratory. Cellophane tape and stool samples obtained from the participants were examined on the same day using the native-
lugol, flotation, and trichrome staining methods under a light microscope (x10, x40, x100).

Results: Five hundred sixty-three children were evaluated for head lice and 15 (2.6%) were found to be positive. During the
examination, only nits were found in 11 students (1.9%), and both adult lice and nymphs were seen in 4 students (0.7%). Head lice
were found positive in 2 out of 269 boys (0.7%), while 13 out of 294 girls (4.2%) positive (p<0.05). As a result of stool examination
in children, Entamoeba coli was found in 11 (1.95%), Giardia intestinalis in 4 (0.71%), Blastocystis sp. in 14 (2.48%), Enterobius
vermicularis in 8 (1.42%) and Taenia spp. in 2 (0.35%). Head lice infestation and Taenia spp. were found to coexist in 2 (0.35%)
children.

Conclusion: In conclusion, although there has been a noticeable decrease in head lice and intestinal parasites among primary
school-aged children in Sivas province, these conditions are still present, as evidenced by previous studies conducted in our region.
Keywords: Pediculus capitis, intestinal parasites, prevalence, children
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GIRig

Insan tzerinde ektoparazitlik yapan, morfolojik olarak
birbirinden ayrilamayan ancak yagsadiklar: ortam tamamen farkl
olan Pediculus cinsine ait iki tiir, bag biti ve viicut biti, yan: sira
morfolojisi farkli olan kasik biti, olmak tizere toplam t¢ tir
mevcuttur. Bag ve viicut bitleri, P. humanus capitis ve P. humanus
corporis olarak isimlendirilmektedir (1).

Bitlerin digileri 1,8-2 mm, erkekleri 1-1,5 mm, yumurtalar: ise
ortalama 0,6 mm boyutlarindadir (2). Bitlerin morfolojik olarak
gelisimlerinde bi¢cimi ve yapisi defismez, yumurtadan ¢ikan
yavrular erigkine benzerler, kanatsizdirlar. Pediculus’larin erigkini
uzunca bir viicuda sahiptir ve viicutlann sirt-karin yéniinde
yassilasmis sekildedir. Viicudunda ayirt edilebilmesi kolay bir bas
kismina, kisa kaynagmus bir gégiis kismina ve oval gekilli belirgin
7 adet segmentli bir abdomen yapisina sahiptir (3).

Bas biti, ¢cocuklar ve ebeveynleri i¢in dinya capinda sturegelen
bir halk saglig: problemi olarak karsimiza ¢ikmaktadir. Parazitin
yayginligr tlkeden tlkeye ve aymi tlkenin bolgeleri arasinda
buyiik farkhiliklar gosterebilmekte ve genellikle 3 ila 14 yas aras:
¢ocuklarda yayginhg daha fazla olmaktadir. Incelenen nifusun
sosyo-ekonomik diizeyi, incelendikleri mevsim, ¢ocuklarin ve
ailelerinin yasadigi hijyenik kosullar gibi faktorler bu durumu
etkilemektedir. Bag bitinin; kregler, okullar, hapishaneler ve akil
hastaneleri gibi agir1 kalabalik, toplum saghg: agisindan énemli
yerlerde hizla yayildig: bilinmektedir (4).

Bitler, kisisel egyalarin ortak kullanimiyla, ayni yatakta yatmakla
ve hatta otobiis, tren koltuklariyla bir bireyden digerine
bulagabilmektedir. Kisa kesilen saclarda sa¢ temasi daha nadir
oldugu i¢in bag biti infestasyonu kizlara oranla erkeklerde daha
az gorillmektedir. P, h. capitis, insanlarin bas kisminda 6zellikle de
bagin arka bolgelerindeki sa¢larda konumlanmaktadir (5).

Aktif infestasyon tanisi, canli ergin bitin veya nimflerin konagin
sa¢h derisinde bulunmas: halidir ve genellikle bu tan1 dogrudan
aiplak gozle inceleme (inspeksiyon) yontemi ile yapilmaktadir.
Tarak yontemi bag biti tanisinda uygulanan en giivenilir yéntem
olarak kabul edilmektedir. Tarama 1slak ya da kuru sa¢ tzerinde
uygulanabilmesine ragmen 1slak tarama altin standart olarak
bilinmektedir. Taraklar kiiciik nimfler ve yumurtalarda rahatlikla
elimine edebilir (6).

Bagirsak parazitozlarinin, diinya genelinde enfeksiyon hastaliklar:
icerisinde son derece 6nemli oldugu bilinmektedir. Beslenme
kogullarinin uygun olmadifi, sosyo-ekonomik diizeyin dusiik,
hijyenik kosullara uyumun az oldugu, gelismekte olan tulkelerde
daha

Bu calismada Sivas il merkezindeki ti¢ ilkgretim okulunda okuyan
cocuklarda bag biti infestasyonunun yayginligy, bas biti istilas: ile
bagirsak protozoon ve helmint parazitlerinin birlikteligi arasinda
korelasyon olasihig1 aragtirilmigtir.

Amag

Bu aragtirma ile Sivas ilindeki ilkégretim ¢ag1 ¢ocuklarinda
intestinal parazitin ve ektoparazitlerin prevalansinin saptanmasi,
endo ve ekto parazitlerin birlikte gérillme durumlar: arasindaki
muhtemel iligkinin aragtirilmasi amaglanmigtir. Ayrica sosyo-
demografik 6zelliklerin, beslenme ahgkanhklarinin, yasam
kogullarinin da parazitlerin gérilme durumu uzerine etkisinin
aragtirilmasi hedeflenmistir.

YONTEMLER

Okul secimi yapilirken 6nceki yillarda bit salgini oldugu
duyumunun alindif1 okullar secildi. Segilen okullar:

« Sivas Karsiyaka Ilkokulu

« Kilavuz IMKB flkokulu

+ Kargiyaka 27 Haziran Ortaokulu

Tamimlayia tiirdeki aragtirmanin evreni Sivas merkezde yer alan
ilkokul ve ortaokulda okuyan 563 6grenciden olugsmaktadir.
Caligmanin yapilabilmesi icin anabilim dali tarafindan 1 Milli
Egitim Mudurluga ve Valilik ile gerekli yazigmalar yapilmus,
secilen okullarda saglik taramalarinin yapilabilmesi i¢in gerekli
izin alinmigtir. Okullara gitmeden okul midirleri ile goriisme
yapilarak uygun giin ve saatler belirlenmistir.

flkokul ve ortaokul 6grencilerinin diizeylerine gére ayr1 ayri
sunumlar hazirlanmigtir. Sinif 6gretmenleriyle 6grencilerin uygun
olduklar1 bir yerde bagirsak parazitleri ve bag bitinin bulagmasz ile
bunlardan korunma yollar: hakkinda bilgiler verilmistir.
Uzerinde etiketlerin bulundugu diski kutusu, selofan bant (nasil
yapilacaginin bulundugu bir not ile birlikte), “anket formlar
smif Ggretmenlerine teslim edilmis; simif 6gretmenlerinden
Sgrencilerin bagar1 durumunu 1'den 5e kadar degerlendirmeleri
istenmigtir.

Bit taramas: ile ilgili olarak bilgisayar odasi veya bos bir sinifa
ogrenciler teker teker alinarak tarakla inceleme yapilmigtir.
Erigkin bitler tarakla toplanarak iizeri etiketli alkollii tiiplere
alinmistir. Sirkeler goruldugiinde sirkeli sa¢ telleri makas ile
kesilerek, kagt icerisine konup tizeri etiketlenmistir.

Ertesi gin diski ve selofan bant érnekleri tarafimizdan alinip;
parazitoloji anabilim dali laboratuvarina getirilerek, nativ-lugol,
cogaltma yontemleri, trichrome boyama yéntemi uygulanarak
inceleme yapilmisgtir.

Cumhuriyet Universitesi Klinik Arastirmalar Etik Kurulu'ndan
11.07.2017 tarihinde 2017-07/16 karar numaras: ile onay
alinmistir. Calisma yaptigimiz bireylerden hasta onay formu
uygulanarak aragtirma yapilmigtir.

istatistiksel Analiz

Gahsmadan elde edilen veriler SPSS (ver:22.0) programina
yiiklenmistir. Elde edilenverilerin degerlendirilmesinde parametrik
test varsayimlari yerine getirildiginden (Kolmogorov-Smirnov)
bagimsiz gruplarda iki ortalama arasindaki farkin énemlilik testi
uygulanmistir. Sayimla elde edilen verilerin degerlendirilmesinde
2x2 diizenlerde ki-kare testi, cok gozlu duzenlerde ki-kare testi
uygulanmig ve yanilma diizeyi 0,05 olarak alinmigtir.

BULGULAR

Toplam 563 ¢ocuk bas biti ve bagirsak parazitleri yéninden
incelenmistir. Bu ¢ocuklarin 15’inde (%2,6) bit enfestasyonu
saptanmistir. Ogrencilerin 11inde (%1,9) sirke, 4 (%0,7)
ogrencide ise erigkin bit ve nimfler saptanmistir. Cocuklarin
38'inde (%6,6) bagirsak parazitleri saptanmigtir.

Tarakla sa¢ tarama yéntemiyle tarama yapilan ¢ocuklar arasinda
bas biti saptanip saptanmama durumunun cinsiyet ve yaga gore
dagilimi Tablo 1'de gosterilmistir. Tarama yapilan 6grencilerde
bas biti gorilme sikligi cinsiyet yoniinden istatistiksel olarak
kargilagtirllmig ve aradaki fark istatistiksel olarak anlamh
bulunmustur (X* 6,96 p=0,00).
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Tarama yapilan ¢ocuklar arasinda bag biti saptanip saptanmama
durumunun gelir diizeyi (TL), kisi basina diisen oda sayis, aile kisi
say1s1, basar1 durumuna gére dagilimi Tablo 2’de 6zetlenmistir.
Tarama yapilan 6grencilerde bags biti gérillme durumunun gelir
diizeyi (TL), kisi bagina diisen oda sayisi, aile kisi sayisina gére
dagilm: istatistiksel olarak karsilagtinnldiginda aradaki fark
6nemsiz bulunmusgtur.

Tarama yapilan ¢ocuklar arasinda basg biti saptanip saptanmama
durumunun kilo ortalamasi, boy ortalamasi, basari durumuna
gore dagilimi Tablo 3’te ézetlenmistir. Tarama yapilan ¢cocuklarda
bas biti gériilme durumu arasinda kilo ortalamasi, boy ortalamasi,
bagar1 durumu karsilagtinldiginda aradaki farkin istatistiksel
olarak anlaml olmadif1 gérillmustiir (p>0,05).

Tarama yapilan ¢ocuklar arasinda basg biti saptanip saptanmama
durumunun sag tipi, sa¢ uzunlugu, sa¢ yapisi, parazit bulunma
durumuna gére dagihm Tablo 4'te 6zetlenmistir. Yapilan
calismada cocuklar arasinda bas biti gérilme durumunun
sa¢ tipi, sa¢ uzunlugu durumu kargilastinldiginda aradaki
farkin istatistiksel olarak anlamli olmadigi fakat sa¢ yapisi

kargilagtirildiginda ise aradaki farkin istatistiksel olarak anlamh
oldugu saptanmigtir (X% 14,9) (p=0,00).

Digki ve selofan bant 6rnekleri mikroskobik olarak inceleme
yapilan ¢ocuklar arasinda bagirsak paraziti saptanip saptanmama
durumunun cinsiyet ve yasa gére dagilimi Tablo 5’te sunulmustur.
Galismamizda cinsiyete goére, bagirsak paraziti gériilme durumu
istatistiksel olarak kargilastirildiginda aradaki farkin anlamh
olmadign gérulmistir (X% 1,64) (p=0,19). Bagwrsak paraziti
gorilme durumu ile yas karsilagtirildiginda aradaki farkin
istatistiksel olarak anlamli oldugu bulunmustur (X* 6,50)
(p=0,01).

Digk: ve selofan bant érnekleri mikroskobik olarak incelenen
cocuklar arasinda bagirsak paraziti saptanip saptanmama
durumunun gelir diizeyi ve oda sayisina gére dagilimi Tablo 6'da
Szetlenmistir. Bagirsak paraziti gérilme durumu ile gelir diizeyi
ve oda sayisi kargilastirildiginda aradaki farkin istatistiksel olarak
anlamli olmadig: bulunmustur.

Digki ve selofan bant 6rnekleri mikroskobik olarak incelenen
cocuklar arasinda bag biti saptanip saptanmama durumunun

Tablo 1. Cocuklar arasinda bag biti saptanip saptanmama durumunun cinsiyet ve yasa gére dagilimi

Ozellikler Bit yok Bit var istatistiksel analiz
Kiz 294 (95,8) 13 (4,2) 2_
Cinsiyet S (%) x=6,96
Erkek 269 (99,3) 2(0,7) p=0,00
6-12 461 (97,3) 13 (2,7) 2_
Yas S (%) x?=0,22
13-17 102 (98,1) 2(1,9) p=0,63
S: Say1

Tablo 2. Cocuklar arasinda bas biti saptanip saptanmama durumunun gelir diizeyi (TL), kisi bagina diigsen oda sayisy, aile kisi sayisi,

basar1 durumuna gére dagilimi

Ozellikler Bit yok Bit var istatistiksel analiz
1400 altx 213 (96,8) 7(3,2)

Gelir diizeyi (TL) x?=0,48

S (%) 1400-2400 269 (97,8) 6(2,2) p=0,78
2400 iistii 67 (97,1) 2(2,9)

Kisi bagina diisen oda sayis1 <0,6 119(98,3) 21,7 x’=0,61

S (%) 20,6 427 (97,0) 13 (3,0) p=0,43

Aile kisi say1s1 >6 78 (98,7) 1.3 x?=0,66

S (%) 20,6 478(97,2) 14 (2,8) p=0,41

S: Say1

Tablo 3. Cocuklar arasinda bag biti saptanip saptanmama durumunun kilo ortalamasi, boy ortalamasi, bagar: durumuna gére dagilimi

Ozellikler Bit yok Bit var istatistiksel analiz
Kilo
Ortalama + SS 32,4+12,7 29,7+11,5 t=0,75
p=0,45
Boy
Ortalama * SS 137,2+16,0 133,6+17,9 t=0,70
p=0,48
Cok kot 177 (96,7) 6(3,3)
Basar1 durumu S (%) =426
Kota 101 (96,2) 4 (3,8) p=0,37

S: Sayi, SS: Standart sapma
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bagirsak parazit tiirlerine gére dagilimi Tablo 7'de 6zetlenmistir.
Digki ve selofan banti incelenen 563 ¢cocuktan 14’i erkek ve 24’u
kiz olmak tizere 38'inde (%1,4) bagirsak paraziti saptanmigtir.
Bit infestasyonu yoklugunda, Entamoeba coli 11 (%1,95), Giardia
intestinalis 4 (%0,71), Blastocystis sp. 14 (%2,48), Enterobius
vermicularis 8 (%1,42), Taenia spp. 2 (%0,35) cocukta saptanmugtur.
Iki cocukta bit infestasyonu ve Taenia spp. (%0,35) birlikteligi
saptanmigtir.

Parazit goriilme sikligi karsilastirildiginda, 6-12 yas grubu (%7,6)
ve 13-17 yas grubu (%1,0) arasinda istatistiksel olarak anlamh
fark bulunmusgtur (p=0,01) (Tablo 5).

TARTISMA

Ulkemizde ilkégretim 6grencilerinde pediculosis ve bagirsak
parazitleri prevalansi ile ilgili olarak yapilmis olduk¢a fazla
sayida arastirma bulunmaktadir. Bu aragtirmalardan elde edilen
veriler bircok etkene bagl olarak farklilik gostermektedir.
Aragtirma yapilan ilkégretim okullarinin degisik bolgelerde
bulunmasi, okullara kéyden tagimali olarak 6grencilerin gelip
gelmemesi, bolgenin go¢ alip almamasi, okullarin tuvalet ve
genel temizlifi, egitim veren Ogretmenlerin ve ailelerin bilgi
duizeyi, 6grencilerin yilda bir diizenli olarak yapilmas: énerilen
saglk muayenelerini olup olmamasi, smmifta oturma diizeni,
sosyo-kiiltirel ve yasam sartlarinin degismesi bu farkliligin
nedenlerinden bazilar: olarak sayilabilir.

Tablo 4. Cocuklar arasinda bag biti saptanip saptanmama durumunun sag tipi, sa¢ uzunlugu, sa¢ yapisi, parazit bulunma durumuna

gore dagilim

Ozellikler Bit yok Bit var istatistiksel analiz
Kalin 196 (98,5) 3(1,5) 2_

Sac tipi S (%) : x'=1,48
ince 361 (96,8) 12(3,2) p=0,22
Uzun 402 (97,1) 12 (2,9)

. x%=0,44

Sac uzunlugu S (%) Kisa 155(98,1) 3(1,9) 0,50
Diiz 378(99,0) 4(1,0)
Dalgali 160 (93,6) 11 (6,4) 2_

Sag yapis, S (%) & x'=14,09
Kiwviraik 22 (100,0) 0(0,0) p=0,00

Parazit bulunma durumu S (%) Parazit var 527(97,6) 13(2,9) x’=1,14
Parazit yok 36 (94,7) 2(5,3) p=0,28

Tablo 5. Cocuklar arasinda bagirsak paraziti gorilme durumunun cinsiyet ve yasa gére dagilim

Ozellikler Parazit yok Parazit var istatistiksel analiz
Kiz 283(92,2) 24 (7,8) 2_
Cinsiyet S (%) x'=1,64
Erkek 257 (94,8) 14(5,2) p=0,19
6-12 437 (92,2) 37 (7,8) 2_
Yas S (%) x’=6,50
13-17 103 (99,0) 1(1,0) p=0,01

Tablo 6. Cocuklar arasinda bagirsak paraziti saptanip saptanmama durumunun gelir diizeyi (TL) ve oda sayisina gore dagilimi

Ozellikler Parazit yok Parazit var istatistiksel analiz
1400 alt1 201 (91,4) 19 (8,6)

Gelir diizeyi (TL) S (%) 1400-2400 262 (95,3) 13(47) ’;303”1475
2400 usta 63(91,3) 6(8,7)

Oda sayis1 S (%) 4 775, 449 x°=0,38
<4 454 (93,2) 33(6,8) p=0,53

Tablo 7. Cocuklar arasinda basg biti saptanip saptanmama durumunun bagirsak parazit tiirlerine gére dagilim

Parazit turleri Bit var [S= 15, s (%)] Bit yok [S= 563, s (%)] Toplam [S= 578, s (%)]
Entamoeba coli 0(0,0) 11 (2,0) 11 (1,9)

Giardia intestinalis 0(0,0) 4 (0,7) 4(0,7)

Blastocystis sp. 0(0,0) 14 (2,5) 14 (2,4)

Enterobius vermicularis 0(0,0) 8(1,4) 8(1,4)

Taenia spp. 2(0,3) 2(0,3) 4 (0,4)

S: Ornek sayisy, s: Parazit saptanan 6rnek sayist
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Degerli ve ark. (4) tarafindan yatili bolge ilkégretim okullarinda
yapilan caligmada, yaglar1 6-15 arasinda degisen 93’ erkek ve
249'u kiz olmak tizere toplam 342 ¢ocuktan 35’inde (%10,6) bas
biti saptanmugtir. Bit gériilme oraninin kiz 6grencilerinde (%13),
erkeklere (%1,1) gére daha yiiksek oldugu belirlenmisgtir.
Karaaslan ve Yilmaz (5) tarafindan Van merkezde bulunan
ilkégretim okulunda yapilan arastirmada, 385’ kiz ve 478’1 erkek
olmak uzere toplam 863 6grencinin 198’inde (%22,9) bas biti
saptanmustir. Bag biti prevalansi kiz 6grencilerinde 164 (%42,6),
erkeklerde 34 (%7,1) olarak bulunmustur.

Ozgelik ve ark. (10) tarafindan Sivas’ta merkeze bagh bir kdyde
bas biti yayginhigr arastinlmis; 74t kiz, 104’a erkek olmak
iizere toplam 178 6grencinin 17’'sinde (%9,49) bas biti tespit
edilmigtir. Calismada 74 kiz 6grenciden 15’inde (%20,27), 104
erkek 6grenciden sadece 2’sinde (%1,92) bas biti bulunmugtur
(10).

Karatag ve ark’min (11) yaptigi aragtirmada, t¢ ilkégretim
okulundaki 1917 &grenciden %50,9'u erkeklerden, %49,1'i
kizlardan olugmakta olup, 206 6grencide (%10,7) Pediculosis
capitis bildirilmistir. Bag biti, erkek 6grencilerin 21’inde (%2,2) ve
kiz 6grencilerin ise 185’inde (%19,6) bulunmustur (11).

Ozkan ve ark. (12) tarafindan yapilan Tirkiye'de P. capitis
prevalans: aragtirilan bir derlemede, ilkokul 6grencilerinde
toplam bas biti gorilme oram1 %0,3-34,1 arasinda bulunmusg
olup, prevalans kizlarda %1,3-100, erkeklerde ise %0-21,4
arasinda degismektedir. Calismalarin evreninin %90,5’i devlet
okullarindaki ve neredeyse tamamu ilkégretim okullarindaki
6grencilerden ibarettir. Kizlarda erkeklere oranla iki kat daha
yiksek oldugu gériilmiistiir (p<0,05).

Bizim ¢alismamizda benzer sekilde toplam 563 ¢ocugun 15’inde
(%2,6) P. capitis saptanmigtir. Caligmada 269 erkek cocugun
2’sinde (%0,7) pozitiflik saptanirken, 294 kiz cocugunun 13’tinde
(%4,2) pozitiflik saptanmistir (p<0,05). Inceleme sirasinda
ogrencilerin 11'inde (%1,9) sadece sirke, 4’iinde (%0,7) ise erigkin
bit ve nimfler gorulmustiir. Bas biti gérillme durumu ile cinsiyet
istatistiksel olarak karsilagtinldiginda aradaki fark anlamh
bulunmustur (p<0,05). Bazi calismalarla (4,5,10-12) benzer
sekilde P. capitis prevalansi, kiz ¢ocuklarinda erkek ¢ocuklarina
oranla daha yiiksek ve anlamli bulunmustur. Kiz ¢ocuklarinda
saglarin genellikle erkeklere gére uzun olmasi, bu sa¢in daha fazla
bakim gerektirmesi, saglarin fazla olmasiyla birlikte parazitin
gizlenmesi, kizlar arasinda sosyal iligkilerde yakin temasin daha
¢ok olmasina bagh olarak parazit kizlarda daha yiiksek oranlarda
saptanmigtir.

Gulgun ve ark. (2) tarafindan Kayseri'de ¢esitli devlet okullarinda
P capitis gorilme durumu aragtirilmig, 5-8 yagindaki ¢cocuklarda
(%9,3), 9-11 (%13,3) veya 12-16 (%15,3) yagindaki cocuklara gére
daha dugiik oldugu gérillmustir (p<0,05).

Oncii ve ark. (13) tarafindan Tirkiye'de bir ildeki ilkogretim
okullarinda P. capitis prevalansi aragtirilmig, bas biti gorilme
durumunun yasa gore karsilagtirlmasinda saginda bit ve
sitke bulunan cocuklarin 61’inin (%45,5) 6-7 yas grubunda,
10'unun (%7,5) 10-12 yas grubunda oldugu; bu gruplar arasinda
prevalans acisindan istatistiksel olarak anlaml bir fark olmadig:
belirlenmigtir.

Bizim c¢aligmamizda, bas biti saptanan toplam 15 ¢ocugun
13’untn (%2,7) 6-12 yas araliginda, 2’sinin (%1,9) ise 17-19 yas
araliginda ¢ocuklardan olustugu belirlenmistir. Bag biti gériilme
durumu yasa gore istatistiksel olarak karsilagtinldiginda aradaki

fark anlamsiz bulunmustur (p>0,05). Cocuklarda yas arttik¢a
parazitlerle ilgili bilgi diizeyinin artmas: ve kisisel hijyenin daha
iyi duruma gelmesi gibi nedenlerle daha az bag bitine rastlanildig:
diistiniilmektedir.

Getinkaya ve ark. (14) tarafindan yapilan caligmada, bag biti
goérilme durumu ile anne-babanin egitimi, ailenin geliri (TL)
arasinda anlaml bir farklilik bulunmamigtir. Bizim ¢alismamizin
sonucunda benzer sekilde bas biti gérilme durumu ile ailenin
gelir duzeyi (TL) karsilastirildiginda aradaki farkin istatistiksel
olarak anlamh olmadig: tespit edilmisgtir.

Ozkan ve ark. (12) tarafindan Tiirkiye'de yapmis olduklari
derlemede, bag bitinin prevalans: ailedeki kisi sayis1 26 olanlarda
%8-35,4 olarak bulunmugtur. Bizim ¢aligmamizda farkli olarak
aile kisi sayis1 >6 olanlarda prevalans %1,3’tiir ve aradaki fark
istatistiksel olarak anlamh degildir (p>0,05).

Beyhan'in (15) yaptifi calismasinda, bit infestasyonunun, sa¢
uzunlugu gruplarina goére prevalansina bakildiginda en yiiksek
oranin %6,2 ile orta sa¢ uzunluguna sahip 6grencilerde (p<0,05)
ve sa¢ sekillerine gore bakildiginda ise dalgali saghilar (%7,7) ve
kivirak saghilarda (%7) daha fazla oldugu gériilmiigtiir (p<0,05).
Bizim calismamizin sonucunda benzer gekilde, dalgali saghlarda
11 (%6,4) ve diz saghlarda 4 (%1,0) kiside bag biti saptanmastir.
Gocuklar arasinda bag biti gérilme durumunun; sa¢ tipi, sa¢
uzunlugu ile karsilastirildiginda aradaki farkin istatistiksel olarak
anlaml olmadig fakat sag yapisi ile karsilagtirildiginda ise aradaki
farkin istatistiksel olarak anlaml oldugu saptanmigtir (p<0,05).
Kavur ve ark.nin (16) yaptig1 arastirmada, ara ara gerceklestrilen
taramalar sonrasinda sunulan bilgilendirmelerle bas biti
gorilme durumundaki oranin %15,22’den %1,71’e indigi tespit
edilmigtir. Bizim ¢aligmamiz ile uyumlu olarak bas biti gériilme
prevalansimizin, bu ¢alismadaki prevalans aralig: icinde oldugu
gorilmustir.

Basg biti prevalans: ile ilgili arastirmalarin ¢ogunlugu, genellikle
ilkégretim ve kamu okullarinda yapilmaktadir. Cocuklarin
okullarda, grup oyunlar1 oynamalar1 ve birbirlerinin egyalarini
kullanmalarn kii¢iik epidemilere sebep olmustur. Bu epidemiler
halk  saghg tarafindan  dikkate alinmalidir.
Aragtirmalarda ¢ocuklarin aileleri, 6gretmenler, yetigkinler, ana
okulu ve kresler, 6zel okullarinda egitim goren ¢ocuklar, deprem
gibi dogal afetler sonras: bireylere ulagilamamaktadir. Bu gruplar
tizerinde ¢aligmalar yapilmali, risk gruplari ve P. capitis yonetimi
olusturulmalidir (12).

uzmanlari

Sivas’ta yapilan arastirmada, hastaneye bagvuran toplam 5057
digk: ve 1313 selofan bant 6rnegi incelenmis olup, 231’1 (%4,5)
kadin, 3011 (%5,9) erkek olmak iizere 532 digk: (%10,5) pozitif ve
34’1 (%2,6) kadin, 48’i (%3,6) erkek olmak tizere 82 selofan bant
orneginde (%6,2) bagirsak paraziti belirlenmigtir. Aragtirmanin
sonuglar incelendiginde en ¢ok G. intestinalis 189 (%3,7) ve en az
B. hominis 21 (%0,4) kiside bulunmustur (8).

Sivas merkez Alahac kéytunde yapilan ¢alismanin, ilk asamasinda
189 égrenciden digki 6rnegi alinarak parazit varligi acisindan
incelenmis ve 110'unda (%58,2) bagirsak paraziti belirlenmigtir.
Galigmanin ilk agamasinda en ¢ok G. intestinalis 33 (%17,4) ve en
az ise Iodamoeba butshlii 1 (%0,5) kiside saptanmigtir. Calismanin
ikinci agsamasinda alt1 ay sonra en ¢ok G. intestinalis 17 (%9,7) ve
en az ise B. hominis 1 (%0,6) kiside tespit edilmigtir (9).

Malatyali ve ark. (17) tarafindan yapilan aragtirma kapsaminda
toplam 730 &grencinin 251’inde (%26,2) bagirsak paraziti
saptanmig olup, 161’i (%24,1) erkek ve 157’si (%20,1) kadin
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olarak belirlenmistir. Yaglara gore bagirsak paraziti gériilme
durumu arastirildiginda en ¢ok 11 yas grubunda (%25,2) ve en
az ise 14-15 yas grubunda (%14,1) bulunmugtur. Calismada digk:
drneklerine bakilarak en ¢ok G. intestinalis’in (%13,6) ve en az T.
saginata’nin (%0,4) oldugu belirlenmistir. Cocuklardan alinan 683
selofan bant 6rneginin 86’sin1 E. vermicularis ve 2’sini T. saginata
olugturmaktadir.

Gindogdu (18) tarafindan Sivas’ta yapilan ¢alismada yer alan
toplam 363 ilkogretim 6grencisinin 103’unde (%28,3) bagirsak
paraziti saptanmistir. Kurtlapa Koyii {lkogretim Okulu'nda 281
6grenciden 83’unde (%29,5), Ozmus Kéyu ﬂkégretim Okulu'ndaise
82 ¢grenciden 20’sinde (%24,4) bagirsak paraziti gérilmiistiir (18).
Karakus ve ark. (19) tarafindan 2022 yilinda yapilan ¢alismada
300 ogrenciden %35’inde, kontrol grubundaki 100 6grenciden
ise %17’sinde bagirsak paraziti saptanmugtir. Bagirsak paraziti
prevalansi hasta kizlarin %40,4ande, erkeklerin %30,2’sinde
bulunurken (p>0,05), kontrol grubunda ise kizlarin %20’sinde
ve erkeklerin %14’tnde oldugu belirlenmistir. Hasta grubunda
yapilan incelemeler sonucunda en ¢ok B. hominis (%13), en az G.
intestinalis (%2), ayrica Cryptosporidium spp. (%3) tespit edilmigtir.
Akpolat ve ark. (20) tarafindan yapilan retrospektif bir
aragtirmada, digki orneklerinde %5,99 oraninda bagirsak
parazitleri belirlenmigtir. Tarama yapilan kisilerin %1,79'unda
ise birden fazla parazit saptanmigtir. Bagirsak paraziti prevalansi
erkeklerde %54,10 ve kadinlarda %45,89 oraninda bulunmugtur
(p<0,05). Parazitin yasa gore yayginligina bakildigina en ¢ok
0-17 yas araliginda en az 46 yas ve ustinde %17,69 oraninda
bulunmustur. Bulgularin incelendigi on yil gibi bir siirede en sik
goriilen parazit %57,62’lik oran ile B. hominis olmustur.

Gurbiiz ve ark. (21) tarafindan yapilan caligmada bagirsak
parazitlerinin goriilme durumu incelendiginde en ¢ok %4,8i
(879) B. hominis ve en az %0,01’i az goriilen diger parazitler olarak
belirlenmigtir.

Sivas ve Dbagka illerde yapilan c¢aligmalar (8,9,17-21)
degerlendirildiginde bagirsak paraziti prevalansinda, calismamizla
benzerve farkli oranlar bulunmustur. Bunun nedenlerinin bélgesel
farklhiliklara bagh oldugu dusiinilmektedir. Bizim ¢alismamizda
ise bagirsak parazitleri agisindan degerlendirilen 563 ¢ocugun
diski 6rnegi ve selofan bandi incelenmistir. Bagirsak paraziti
varligy, 38 (%1,4) 6grencide bulunmak tizere 14’ti (%5,2) erkek ve
24’untn (%7,8) kiz oldugu tespit edilmistir (p>0,05). Caligmamiz;
baz1 ¢aligmalarla (19) uyumlu sekilde bagirsak paraziti kizlarda
erkeklere goére daha fazla bulunurken, diger caligmalardan
(8,17,20) farkh olarak kizlara oranla erkeklerde daha yiiksek
bulunmugtur. Caligmada 6-12 yas arahiginda 37 (%7,8) ve 13-
17 yas grubunda 1 (%1,0) kiside bagirsak paraziti saptanmgtir
(p<0,05). Parazitin goriuldugi yas arahgs bakimindan bizim
calismamizla uyumlu olan aragtirmalar (8,17,20) bulunmustur.
Aragtirmamizda, bit infestasyonu yoklugunda en ¢ok B. hominis
14 (%2,48) ve en az T. saginata 2 (%0,35) kiside saptanmugtur.
Bit infestasyonu varhginda T. saginata 2 (%0,35) kiside
bulunmugtur. Caligmada iki parazit birlikteligi benzer sekilde
bazi caligmalarda (20,21) rastlanmigtir. Bizim c¢alismamiz ile
uyumlu bircok ¢alismada (19-21) en ¢ok B. hominis bulunurken,
diger aragtirmalarda (8,9,17) farklhi olarak G. intestinalis en
yitksek oranda gorilen parazit olmustur. Bunun nedeni baz
laboratuvarlarda B. hominis'in patojen olarak kabul edilmeyip
raporlanmamasi olabilir. Calismamizla benzer sekilde en fazla
gorilen helmintlerin, E. vermicularis ve T. saginata oldugu
caligmalar (20) bulunmaktadar.

Caligmamizda, okullarda 6grenci sayisinin fazla oldugu, kéyden
tasgimah olarak &grencilerin  geldigi, okullarn tamaminda
tuvaletlerin temiz olmadigi ve en énemlisi okulda su i¢mek i¢in
tuvalet disinda bir yer bulunmadig: dikkatimizi ¢ekmigtir. Okul
saghgr kosullar1 saglandiginda bagirsak parazitleri ve bas biti
yayginliginda énemli oranda azalma olacagini diigiinmekteyiz.

SONUC

Halk saghgiacisindan bityiik &neme sahip olan paraziter hastaliklar
ozellikle cocukluk ¢aginda daha yiiksek oranda gorilmekte ve
cocuklarda azalan biligsel, entelektiiel, fiziksel gelisim dahil olmak
tizere uzun vadede olumsuz saglik sonuglarina yol agmaktadir.
Galismamizda, egitim diizeyinin artmasi, paraziter hastaliklar
hakkinda daha fazla bilgi sahibi olunmasi, kisisel hijyen
aligkanliklarinin gelismesi, altyap: iyilestirmeleri gibi nedenlerle
ilimizde yapilan eski ¢alismalardan daha dusiik oranda bag biti
ve bagirsak parazitlerine rastlanmigtir. Bu tip epidemiyolojik
calismalarin hem literatire katki saglamasi agsindan hem de
toplumda farkindalik olusturmasi nedeniyle 6énemli oldugu
digiiniilmektedir. Ozellikle son yillarda olaganiisti artan
siginmacilar nedeniyle tilkemizin paraziter hastaliklar agisindan
risk durumunun belirlenmesi i¢cin benzer ¢aligmalarin sayisinin
artmas gerektigi kanisindayiz.
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ABSTRACT

Objective: A series of aromatic thiosemicarbazone-oxime [TP1 and TP2] derivatives and their Ni(II), Cu(II), and Co(II) complexes
were synthesized, and their larvicidal activity was evaluated against Aedes aegypti and Aedes albopictus larvae. The efficacy of these
substances to Aedes albopictus larvae has been demonstrated for the first time.

Methods: Laboratory colonized Aedes aegypti and Aedes albopictus larvae were subjected to larvicidal activity tests. Larval
mortality rates at 24 and 48 hours were recorded and LC,  values were calculated. The study was carried out at Aydin Adnan
Menderes University in 2021.

Results: For Aedes aegypti, LC,, of TP1 and its Co(II) complex were 15.41, 9.75, pug/mL whereas for TP2 and its Co(II) complex,
LC,, were 21.62, 20.50 pg/mL after 24 and 48 h respectively. For Aedes albopictus, TP1 and its Co(II) complex showed an LC, of
12.06, 8.75 pg/mL, whereas TP2 and its Co(II) complex showed an LC, of 32.87, 25.48 pg/mL, for 24, and 48 h respectively.
Conclusion: Both TP1 and TP2 compounds and their Co(II) complexes presented high efficacy against the larvae; it can be said
that C=S groups in thiosemicarbazone derivatives are effective in showing activity and for this reason, studies should be continued
to make these components effective.

Keywords: Mosquito, larvicidal effect, synthetic compounds, larval control

(04

Amag: Bir dizi aromatik tiyosemikarbazon-oksim [TP1 ve TP2] tiirevleri ve bunlarin Ni(II), Cu(Il) ve Co(II) kompleksleri
sentezlenmis ve Aedes aegypti ve Aedes albopictus larvalarina kars1 etkinlikleri degerlendirilmistir. Bu maddelerin Aedes albopictus
larvalarindaki etkinlikleri ilk kez belirlenmistir.

Yontemler: Laboratuvar kolonisi olusturulmug Aedes aegypti ve Aedes albopictus larvalar1 maddelerin larvisidal etkinlikleri i¢cin
test edilmigtir. Yirmi d6rt ve 48 saat sonar larval 6lim oranlar1 kaydedilmis ve LC,  degerleri hesaplanmistir. Caligma Aydin Adnan
Menderes Universitesinde 2021 yilinda gerceklestirilmigtir.

Bulgular: Aedes aegypti icin, TP1 ve Co(II) komplekslerinden 24 ve 48 saat i¢in elde edilen LC,, degerleri sirayla 15,41, 9,75, pg/
mL iken TP2 ve Co(II) kompleksleri i¢in elde edilen degerler 21,62, 20,50 pug/mL olarak belirlenmistir. Aedes albopictus igin, TP1 ve
Co(II) komplekslerinden 24 ve 48 saat i¢in elde edilen LC_ degerleri sirayla 12,06, 8,75 ug/mL iken TP2 ve Co(II) kompleksleri icin
elde edilen degerler 32,87, 25,48 pg/mL olarak belirlenmistir.
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Sonug: Hem TP1 hem de TP2 bilegikleri ve bunlarin Co(II) kompleksleri, larvalara kars: yiiksek etkinlik gostermistir; tiyosemikarbazon tiirevlerindeki C=S
gruplarinin aktivite géstermede etkili oldugu sdylenebilir ve bu nedenle bu bilegenlerin etkin hale getirilmesi i¢in ¢calismalara devam edilmelidir.
Anahtar Kelimeler: Sivrisinek, larvisidal etki, sentetik bilesikler, larva kontrolii

INTRODUCTION

Mosquitoes (Diptera: Culicidae), insects at the center of
entomological research worldwide, are vectors of important
diseases. Species such as Aedes aegypti (Linnaeus, 1762) and Aedes
albopictus (Skuse, 1895) play important roles in the transmission
of Chikungunya, Zika and Dengue infections (1). The incidence of
Dengue, which causes the most death and illness among all other
arthropod-borne viral diseases, has increased dramatically over
the years with 2350 million cases and nearly half a million deaths
reported annually worldwide (2).

These Aedes mosquito species are spreading from their native
areas to higher latitudes in North America and Europe (3,4). In
Europe Ae. aegypti has been detected in Greece, Cyprus, Croatia,
Italy, Spain, France, Tirkiye, and Portugal; in countries south
of the Sahara Desert, Western Morocco and Western Sahara,
Northern Algeria and Tunisia, Egypt and Sudan in Africa; as well
as in countries in Central and Southern Asia (5-8). Ae. albopictus,
likewise, has spread from southern Asia to several countries in
Africa, Europe, and America (9-11). The existence of Ae. albopictus
was first recorded in Tiirkiye in 2011 (12). Then, respectively
reported in Black Sea, Marmara and Aegean region in Turkiye
(8,13-15).

Control of mosquito-transmitted diseases remains a big
challenge. No vaccine is available for most of them, so the
mainstay of disease management is vector control. Personal
protection and chemical insecticides are also used extensively
to control mosquitoes. Although chemical insecticides are
efficacious to a certain degree, they are costly, pose serious
risks to humans and the environment, and mosquitoes
continue to develop resistance against most extant insecticides
(16). Scientist across the globe continue to advocate the use
of insect bio-pathogens such as Bacillus thuringiensis subsp.
israelensis, Metarhizium anisopliae (Sorokin 1883) (Hypocreales:
Clavicipitaceae) etc. against larvae and adults (17) as well as the
search for safer alternatives.

Hydrazones are a class of organic compounds which are
characterized by the presence of an azomethine-NHN=CH
group, whereas thiosemicarbazones have the formula H2NC(S)
NHN=CR2 (18). These functional groups play a major role in their
biological activities (19-21). Hydrazones have various biological
and clinical properties such as antituberculosis, anticonvulsant,
anticancer, anti-inflammatory, antiviral, antiplatelet, antitumour,
antimicrobial, antimalarial and antioxidant activity (22-26).
Some thiosemicarbazones derivatives possess good larvicidal/
insecticidal activity against various insects like Culex pipiens
pallens (Linnaeus, 1758) (Diptera: Culicidae), Plutella xylostella
(Lepidoptera: Plutellidae), Laphygma exigua (Hibner, 1808)
(Lepidoptera: Noctuidae), Rhopalosiphum maidis (Fitch, 1856)
(Homoptera: Aphididae), Nilaparvata Ilugens (Stal, 1854)
(Hemiptera: Delphacidae) (27-31). Despite the availability of
many insecticides, there has been a search for novel and more
efficient agents with less bio-toxicity. The goal of developing new
agents is valuable because currently very limited chemical classes
are available for vector control.

In this study, we assessed a series of new aromatic
thiosemicarbazone-oxime derivatives and their metalic complexes
for their larvicidal effects against Ae. aegypti and Ae. albopictus
larvae.

METHODS

Chemistry

The heteroaromatic thiosemicarbazone-oxime derivatives
[TP1 and TP2], and their metal complexes [Ni(II), Cu(II)
and Co(II)] were synthesized (32,33). The synthesis of these
groups and their complexes is illustrated and outlined in
Figure 1a, b. [TP1; 3-acetylthiosemicarbazone glyoxime; TP2:4-
acetylthiosemicarbazone glyoxime]. Aromatic thiosemicarbazone
derivatives consist of pyridine rings.

Compounds structures were determined using mass spectroscopy,
UV, H-NMR, IR, C-NMR methods. All compounds obtained were
purified by recrystallization from ethanol and verified by TLC
and elemental analysis (34). Both analytical and spectral data
of compounds were the same as proposed structures. These
compounds were diluted to concentrations of 100, 75, 50 and 25
ppm in dimethyl sulfoxide (DMSO) and used in larvicidal activity
bioassays (35).

Larvicidal Activity Assays

Aedes aegypti, Bora Bora strain was obtained from Hacettepe
University Biology Department and has been reared in
insectarium in the Vector Control Laboratory, Aydin Adnan
Menderes University, Tirkiye. Aedes albopictus larvae were
sampled from Mugla populations in the Aegean Region and
adult laboratory colonies were obtained from these larvae and
reared in the insectarium. This species are susceptible strains
that have no insecticide resistance. Both species are reared in an
insectarium at 252 °C, 70+10 relative humidity, and 12 h light-
dark photoperiod. Eggs collected were hatched in distilled water
in plastic containers and larvae were provided ground fish food
(Tetramin). Emerged adults fed on soaked cotton balls containing
10% sucrose.

Bioassays on the larvicidal activity of the compounds were carried
out with some modifications using described by World Health
Organization in 24-well plates (Corning Falcon microplates)
against Ae. aegypti and Ae. albopictus larvae (36). Four different
concentrations [100, 75, 50, 25 ppm (mg/L)] were tested against
late 3"-4t stage larvae of Ae. aegypti and Ae. albopictus mosquito.
Required concentrations of the compounds were dissolved
and diluted in DMSO and used in larvicidal activity bioassays.
Experiments were done under laboratory conditions in an
incubator maintained at a constant temperature of 28 °C and
80% RH under light and dark conditions for 12 h each. Three
independent replicates were carried out. Negative control
had DMSO (1%) and the commercial Bti (0.05 g/L), (Bacillus
thuringiensis var. israelensis), (VectoBac 12AS, Valent Biosciences,
USA) was used as positive control. After treatment application,
contents were evenly mixed by swirling plates. Larvae that failed
to move after probing with a brush were recorded as dead. Larval
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Figure 1a. Synthesis of heteroaromatic thiosemicarbazone-oxime derivatives (TP, ve TP)) [TP,; 3-acetyl thiosemicarbazone glyoxime

(X: N, Y:0); TP : 4-acetyl thiosemicarbazone glyoxime (X:C, Y: N)]
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Figure 1b. Structure of metal complexes of thiosemicarbazone-oxime derivatives [M: Ni(II), Cu(II) ve Co(Il); X: N, Y: C (TP ); X:C, Y:

N (TP,)]

mortality was calculated for each concentration and after 24 h and
48 h, larval mortality was recorded and the lethal concentration
LC,,was calculated.

Statistical Analysis

Larval mortality data was adjusted (37) and analysed using SAS,
Proc Probit (Version 9.2) to obtain LC, (the lethal concentration
median) value and chi-square values. We used SPSS 23.0 software
and a 95% confidence level; results with p<0.05 were considered
significant. Analysis was done if control mortality was <10%.

RESULTS

Aromatic thiosemicarbazone derivatives and their Ni(II), Cu(II)
and Co(II) complexes were synthesized and evaluated for Ae.
aegypti and Ae. albopictus mosquitoes for their larvicidal activity.

Aedes albopictus

The LC,, for aromatic thiosemicarbazone (TP)) and its Ni(II),
Cu(ll) and Co(Il) complexes were 22.717, 26.265, 13.806 and
12.065 pg/mL respectively after 24 h of exposure. The LC, values
were recorded as 21.125, 23.308, 12.004, 8.755 pg/mL after 48 h
of exposure (Table 1). Ae. albopictus larvae were more susceptible
to the TP -Co complex than the other metal complexes [Ni (II), Cu
(IN)] of thiosemicarbazone oxime derivatives.

The LC,, for TP,and its Ni (II), Cu (II) and Co (II) complexes were
51.594, 44.913, 35.719, 32.875 pg/mL after 24 h of exposure
while the values were found to be 48.764, 39.037, 27.516, 25.489
pg/mL after 48 h of exposure (Table 1).

Aedes aegypti

Against Ae. aegypti, the LC,  for aromatic thiosemicarbazone (TP,)
was 44.919 pg/mL and its Ni (II), Cu (II) and Co (II) complexes
LC,, were 40.644,18.514,15.417 pg/mlL after 24 h of exposure.
After 48 h these values decline to 31.059, 32.038, 13.665, 9.755
pg/mL respectively (Table 2).

For aromatic thiosemicarbazone (TP,) and its Ni(II), Cu(Il) and
Co(Il) complexes, LC, values were found to be 44.913, 42.308,
32.875, 21.612 pg/mL after 24 h of exposure, while the values
were found to be 42.494, 33.683, 25.489, 20.504 pg/mL after 48
h of exposure, respectively.

DISCUSSION

We observed that TP -Co complex (II) and TP,-Co complex (II)
presented higher toxicity against both species than the other
compounds named TP , TP,-Ni complex (II), TP -Cu complex (II),
TP, TP,-Ni complex (II), TP -Cu complex (II) after 24 and 48 h of
exposure and these compounds were found more effective for Ae.
albopictus than Ae. aegypti larvae.

According to Rayms-Keller et al. (38) showed that copper
edetate in nanostructures and chitosan microcapsules exhibited
larvicidal activity against Ae. aegypti larvae with LC, of 60
and 20 mg/L, respectively. Also, Tabanca et al. (29) tested ten
hydrazone derivatives against Ae. aegypti larvae. They showed
that compound 9 [CH(CH,),] exhibited larvicidal activity with
LD,, values of 57.4 ppm and LD, of 297.8 ppm after 24 h
treatment. Similarly, Rochelly et al. (39), showed that tested
Aedes aegypti and Anopheles darlingi larvae were sensitive to
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Table 1. Larvicidal bioassays of aromatic thiosemicarbazone (TP,), (TP2) and Ni(II), Cu(II) and Co(II) complexes against Ae. albopictus

larvae

Substances Number of larvae | LC, pg/mL (95% Cl) 24 h X? LC, pg/mL (95% Cl) 48 h X2
TP, 200 22.717 (0.259, 64.251) 2.454 21.125 (0.200, 60.557) 3.159
TP -Ni complex (II) 200 26.265 (0.433, 72.596) 1.295 23.308 (0.654, 91.930) 1.610
TP -Cu complex (II) 200 13.806 (0.006, 46.463) 1.653 12.004 (0.001, 43.177) 1.545
TP -Co complex (II 200 12.065 (0.013, 40.377) 1.414 8.755 (0.006, 31.612) 1.972
TP, 200 51.594 (8.959, 214.471) 2.101 48.764 (7.762,116.181) 2.868
TP,-Ni complex (II) 200 44,913 (8.091,101.472) 2.436 39.037 (5.432, 89.966) 3.189
TP,-Cu complex (II) 200 35.719 (5.186, 80.429) 2.409 27.516 (1.944, 67.125) 2.718
TP,-Co complex (II) 200 32.875 (3.889, 75.811) 2.391 25.489 (2.034, 31.006) 2.048
DMSO 0.00+0.00

Bti 93.91+0.002

LC values are expressed in ppm (mg/L) values are means + SD, X2 chi-square, CI: Confidence interval, SD: Standard deviation

Table 2. Larvicidal bioassays of aromatic thiosemicarbazone (TP ), (TP,) and Ni(II), Cu(II) and Co(II) complexes against Ae. aegypti

larvae

Substances Number of larvae | LC, pg/mL (95% Cl) 24 h X? LC, pg/mL (95% Cl) 48 h X2
TP, 200 44.919 (5.736, 108.879) 2.75 31.059 (0.707, 78.654) 2.349
TP -Ni complex (II) 200 40.644 (5.358, 95.379) 2.078 32.038 (3.251, 75.392) 2.061
TP -Cu complex (IT) 200 18.514 (0.003, 61.450) 3.036 13.665 (0.001, 48.173) 3.045
TP,-Co complex (II 200 15.417 (0.047, 47.888) 2.707 9.755 (0.002, 35.678) 2.161
TP, 200 44.913 (8.091, 101.472) 2.436 42.494 (9.319, 90.443) 2.898
TP,-Ni complex (II) 200 42.308 (7.126, 95.572) 3.246 33.683 (4.569, 76.185) 3.225
TP,-Cu complex (IT) 200 32.875(3.889, 75.811) 2.391 25.489 (2.034, 61.006) 2.048
TP,-Co complex (II) 200 21.612 (0.769, 56.280) 1.063 20.504 (1.330, 50.283) 2.039
DMSO 0.00+0.00

Bti 94.60+0.011

LC values are expressed in ppm (mg/L) values are means + SD, X*: chi-square, Cl: Confidence interval, SD: Standard deviation

benzoyl thiosemicarbazone and to the metal nickel complex;
benzoyl thiosemicarbazone was more toxic than nickel complex.
Kaplancikli et al. (40) showed that hydrazide-hydrazone
derivates namely 4-Fluorobenzoic acid [(2-furanyl) methylene]
hydrazide), 11(3-Acetyl-5-(4-fluorophenyl)-2-phenyl-2,3-
dihydro-1,3,4-oxadiazole), 12(3-Acetyl-5-(4-fluorophenyl)-
2-(4-bromophenyl)-2,3-dihydro-1,3,4-oxadiazole) and 17
(3-Acetyl-5-(4-fluorophenyl)-2-[4-(dimethyl phenyl]-
2,3-dihydro-1,3,4-oxadiazole at a concentration of 100 ppm
caused 100% mortality against Ae. aegyptilarvae. In contrast, our
benzaldehyde derivative and hydrazones carrying oxime group
were not effective against the mosquitoes in our study. Bursali et
al. (35) investigated the larvicidal effects of Co(II) complexes with
barbiturate derivatives against Ae. aegypti and demonstrated that
bis[(2-phenoxyphenyl)(2,4,6-trioxotetrahydropyrimidin-5(2H)-
ylidene)methyl]amidocopper(II) showed high larvicidal activity
with LC50 of 37.91 ppm.

Aromatic thiosemicarbazone and derivatives displayed high
toxicity against mosquito larvae so have the potential to be used
as larvicides against important mosquito species. However, more
studies are needed to elucidate their mode of action as well as to
assess the impacts such metals will have on the other organism
and the environment and other insects. Insecticide resistance

amino)

has necessitated the development new compounds, but this is
challenging (41). Integrated management programmers aimed at
mosquito larvae serves as one of the most efficacious means to
control populations and reduce vector-borne disease incidence in
endemic areas.

Aromatic thiosemicarbazone derivatives and their Ni(II), Cu(II)
and Co(II) complexes were synthesized and evaluated for their
larvicidal activity against Aedes mosquitoes. This is the first study
done with Aedes albopictus with these substances. The data results
indicating that the aromatic thiosemicarbazone complex has
insecticidal potential against Ae. aegypti and Ae. albopictus larvae
and may be used to design new derivatives.

CONCLUSION

The search for new active compounds continues as resistance
develops to pesticides used to combat existing vectors.
Mosquito management programs targeting larvae serve as
one of the most effective ways to control insect populations
and reduce the number of vector-borne diseases. A series of
aromatic thiosemicarbazone and hydrazone derivatives their
Ni(II), Cu(Il) and Co(II) complexes were synthesized and
evaluated for their larvicidal activity against Ae. aegypti and
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Ae. albopictus. The data results indicated that the aromatic
thiosemicarbazone complex has insecticidal potential and may
be used to design new derivatives to increase the bioefficacy of
these compounds against Ae. aegypti and Ae. albopictus larvae.
However, elucidating the mode of action of these compounds
in larvae and developing new compounds with pharmalogical
potential are necessary.
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Distribution of Scabies Infestations in Stray Dogs in Bursa Province
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0z

Amag: Uyuz enfestasyonlar, tiim diinyada hem insan hem de hayvan saghigim etkileyen énemli paraziter hastaliklardan biridir.
Bu caligmada, Bursa yéresi sokak képeklerinde uyuz enfestasyonlarinin yayginhginin belirlenmesi amaglanmgtir.

Yontemler: Calismanin materyalini Haziran 2020-Subat 2022 tarihleri arasinda Bursa'da belediye barmnaginda bakilan uyuz
siipheli sokak képekleri olugturmustur. Sokak képeklerinden alinan numuneler laboratuvarda incelenerek, uyuz etkeni tagiyan
képekler belirlenmisgtir.

Bulgular: Calisma sirasinda 205 adet (115 erkek, 90 disi) uyuz siipheli sokak képeginden numune toplanmis ve bunlardan 58'inde
(%28,29) uyuza neden olan etkenlere rastlanmigtir. Pozitif képeklerin 35’inde (%60,34) Demodex spp. (D. canis, D. injae), 19'unda
(%32,76) Sarcopes scabiei var. canis, 2'sinde (%3,44) karisik enfestasyon (Sarcoptes, Demodex) ve 2’sinde de (%3,44) Otodectes cynotis
etkenleri tespit edilmistir. Uyuz pozitif 58 adet kopegin 32’sinin (%55,17) erkek, 26’sinin (%44,83) ise disi oldugu belirlenmistir.
Enfestasyonlarin yas, mevsim ve cinsiyet ile iligkisi istatistiki yénden anlamli bulunmamugtir.

Sonug: Bu caligma ile Bursa yoresindeki sokak képeklerinde uyuz etkenleri ve yayilis oranlar: belirlenmistir.

Anahtar Kelimeler: Képek, uyuz, yayginlik, Bursa

ABSTRACT

Objective: Scabies infestation is a major parasitic disease affecting both human and animal health worldwide. This study aimed
to determine the distribution of scabies infestation in stray dogs in Bursa province.

Methods: The study material was obtained from stray dogs suspected of mange kept in a municipal shelter in Bursa between
June 2020 and February 2022. Samples from stray dogs were examined in a laboratory, and dogs with scabies were determined.
Results: During the study, samples were collected from 205 (115 males, 90 females) scabies-suspected stray dogs, 58 (28.29%)
of which had scabies. Demodex spp. were detected in 35 of the positive dogs (60.34%) (D. canis, D. injae), 19 (32.76%) Sarcoptes
scabiei canis, 2 (3.44%) mixed infestation (Sarcoptes and Demodex), and 2 (3.44%) Otodectes cynotis agents. It was determined that
32 (55.17%) of 58 scabies-positive dogs were male and 26 (44.83%) were female. The association of infestations with age, season,
and sex has not been found to be statistically meaningful.

Conclusion: This study identified scabies agents and their prevalence rate in stray dogs of Bursa province, Turkiye.

Keywords: Dog, scabies, distribution, Bursa

GiRiS reaksiyona ve sekonder enfeksiyonlara yol agmaktadir
(3). Kopeklerde uyuz hastaligina neden olan akarlarin
bir kismu (Sarcoptes scabiei var. canis, Demodex spp.,
Cheyletiella  yasguri) derinin farkli katmanlarina
yerleserek burada reaksiyon sekillendirirken, kulak
. uyuzu etkeni olan Otodectes cynotis ise kopeklerin
1687 yilinda Italyan aragtirmaci Bonomo tarafindan kulak kanalina yerlesmek suretiyle duyma kaybma

goruntilenmigtir (2). Kopeklerin saghgini tehdit ve cesitli sinirsel belirtilerin ortaya ¢ikmasina neden
eden dermatolojik hastaliklar arasinda énemli bir olmaktadir (4,5).

yere sahip olan uyuz enfestasyonlari, deride ciddi

Uyuzun milattan 6nce 1200°la yillara dayanan
bir ge¢misinin  oldugunu  belirten  kaynaklar
bulunmaktadir (1). Uyuz ¢ok eski zamanlardan beri
bilinmesine ragmen mikroskobik olarak ilk defa
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Képeklerde Demodex uyuzuna yol acan esas etken Demodex
canis olarak kabul edilmekle beraber, D. injai ve D. corneinin de
kopeklerde uyuz hastaligina neden olabildigi belirtilmektedir
(6,7). Yapilan bir aragtirmada D. cornei’'nin yapisi molekiiler olarak
incelenmis ve bunun farkl bir tir olmayip D. canis’in bir alt turu
oldugu ifade edilmigtir (8). Aydin (4), Demodex etkenlerinin
normal deri faunasmin bir parcasi oldugunu ancak bunlarin
sayllarinin cesitli nedenlerle artmasina bagh olarak demodektik
uyuza neden olduklarimi bildirmektedir. Képeklerdeki Demodex
uyuzunu tiylerde dékiilme, siddetli kaginma ve buna bagl olarak
olusan yaralar sayesinde kolayca tanmimlayabilmek miimkiindiir
(9). Beugnet ve ark. (10), Demodex uyuzunun lokalize,
generalize veya pododemodikozis olmak iizere ¢ farkh sekilde
smiflandirilabilecegini ve bu simiflandirma yapilirken; képegin
irki ve lezyonlarin durumu gibi ¢esitli parametrelerin mutlaka
g6z 6ninde bulundurulmas: gerektigini bildirmektedir. “Geng
baslangi¢” ve “Erigkin baglangi¢c” seklinde yapilan siniflandirmada
ise prognoz ve uygulanacak olan tedaviyi belirlemek gibi 6zellikler
6n plana gkmaktadir (9,11). Koépeklerdeki Demodex olgular ture
6zgt olmasina ragmen, nadiren insan ve hayvan arasinda ¢apraz
olgulara rastlanabilecegi belirtilmistir (12).

Sarcoptes scabiei olduk¢a bulasici, her mevsimde goériilebilen,
siddetli kaginma ve kabuklu lezyonlarin gekillenmesine neden
olan bir uyuz etkenidir. Bu etkenin yol a¢tig1 sarkoptik uyuz,
insan ve tilki gibi diger bircok memeli tiiriinde de gorilebilmekle
birlikte képeklerdeki sarkoptik uyuza S. scabiei var. canis alt
tiri neden olmaktadir (13,14). Bu etken derinin epidermis
katmanina yerleserek gelisimini tamamlamakta, daha sonra
deride tuneller agmak suretiyle ilerlemekte ve bu esnada
da tahribata yol agmaktadir (4). Cheyletiellosis ise derinin
ust tabakasina yerlesen ve dermatosis olusturan bir akarin
neden oldugu uyuz enfestasyonudur. Képeklerde Cheyletiella
yasgurinin bu enfestasyona yol actig: bildirilse de bu akarin
tir seciciliginin yiksek olmamasi nedeniyle medikal éneme
sahip diger Cheyletiella tirleri (C. blakei ve C. parasitovorax) de
kopeklerde bulunabilmektedir (13). Cheyletiella akarinin ¢ok
patojen olmayip, saglikli/gen¢ hayvanlarin normal florasinda
bulunabildigi ve genellikle fazla kasintiya yol a¢maksizin
asemptomatik enfestasyonlara yol actigi bildirilmektedir.
Siddetli enfestasyonlarda karakteristik olarak dermatitis ve
tilylerde kepeklenme tablosunun goérildigi, hareketlerinden
dolay1 “walking dandruf/yiiriyen kepek” adi verildigi
belirtilmigtir (15).

Otodectes cynotis orta kulak iltihabinin en sik nedenidir.
Kulaklarda tahris ve kaginti ile karakterize olan otodektik uyuzun
kedilerdeki yayginhg: yaklasik %50'dir. Képek ve tilkilerde
yayginligr olduk¢a digitk olan bu uyuz etkeni zaman zaman
insanlara da bulagabilmektedir (4,16). Otitis eksterna ile birlikte
irritasyon, kagint1 ve koyu renkli akint1 olusumu gibi bulgulara
yol acan O. cynotis, kopek saghgini tehdit eden énemli uyuz
etkenlerinden birisidir (16,17). Kedilerde O. cynotis yayginliginin
daha yiiksek olmasi nedeniyle képeklerde olusan enfestasyonlarin
asil kaynaginin kediler olabilecegi dusiinillmektedir (18).
Ayrica bu akarin insanlarda da parazitlenebilmesi diger 6nemli
6zelliklerinden biri olarak kabul edilmektedir (5,16,17).

Bu ¢aligma, Bursa yéresinde bulunan sokak kopeklerindeki uyuz
etkenlerini, bunlarin yayihis oranlarim ve mevsimsel dagilimlarim
belirlemek amaciyla yapilmigtir.

YONTEMLER

Calismayla ilgili Bursa Uludag Universitesi Hayvan Deneyleri
Yerel Etik Kurulu'ndan 05.05.2020 tarih, 2020-05/07 no’lu karar
ile gerekli izin alinmigtir. Bu ¢aligma, Haziran 2020-$ubat 2022
tarihleri arasinda Bursa'daki belediye hayvan barinaklarinda
tutulan sahipsiz képekler tizerinde gerceklestirilmigtir. Bu tarih
araliginda 115’1 erkek, 901 disi olmak tizere toplam 205 uyuz
supheli kopekten deri kazintis: alinarak uyuz etkenleri agisindan
incelenmigtir. Oncelikle, barmnaklarda bakilan kopekler gérsel
olarak muayene edilmis ve alopesi, eritem, puriritis, kabuklanma
ve hiperpigmentasyon gibi deri lezyonu bulunan ve kasinti
bulgusu gosteren kopekler caligmaya dahil edilmigtir. Calismaya
alinan kopeklerin klinik gériintimleri; eritem, hiperpigmentasyon,
alopesi ve puriritis yoninden skorlama derecesi 0-3 arasinda
belirlenmigtir (18,19). Daha sonra bu kopeklerin derilerindeki
lezyonlu bolgelerden kazint1 6rnekleri alinmigtir. Sadece tek bir
viicut kisminda lezyon bulunan képeklerin bu bélgelerinden,
generalize lezyonlara sahip kopeklerden ise en az ii¢ farkh
bolgeden deri kazintisi 6érnegi alinmistir. Kulak uyuzundan
suphelenilen kopeklerin kulak kepcesi icinden bir svap ile
ornek alinmis ve tum Ornekler tip icerisinde laboratuvara
ulagtinlmigtir. Kopeklerden toplanan o6rnekler (deri kazintisi
ve kulak svab1) Bursa Uludag Universitesi Veteriner Fakiiltesi
Parazitoloji Anabilim Dali Laboratuvari’'nda petri kab: icerisinde
24 saat siireyle %10 KOH (potasyum hidroksit) bekletilmistir.
Daha sonra stereo mikroskopta (Nikon SMZ-10) tespit edilen
uyuz etkenleri toplanarak lam-lamel arasina alinmig ve 1k
mikroskobunda (Nikon Eclipse E600) x100 ve x400 biiyiitmede
morfolojik ozelliklerine gore tir teshisleri yapilmistir (4,5,7).
Numune toplama iglemi sirasinda érnek alinan képegin cinsiyeti,
yast (dis yapilarina gore) ve numunenin hangi ayda alindig gibi
veriler kayit altina alinmigtar.

istatistiksel Analiz

Elde edilen sonuglarin istatistiki degerlendirilmesinde ki-kare
(X?) ve Fisher'in kesin testleri kullanilmistir (SPSS Inc., 2018,
Chicago, A.B.D.).

BULGULAR

Bu calisgmada 205 (115 erkek, 90 disi) adet sokak képeginden
numune toplanmig ve bunlardan 58 (%28,29) tanesinin
kopeklerde uyuz hastaligina yol acan paraziter etkenlerden
(Demodex spp., Sarcoptes scabiei var. canis, Otodectes cynotis) en az
birisi ile enfeste oldugu gérulmiistiir.

Uyuz enfestasyonu oldugu belirlenen képeklerin 35’'inde (%60,34)
Demodex spp. (Sekil 1 ve 2) belirlenirken, 19'unda (%32,76)
Sarcoptes scabiei var. canis ve 2’sinde (%3,45) ise Otodectes cynotis
saptanmigtir. Bunun disginda 2 (%3,45) képegin ise Demodex
canis ve Sarcoptes scabiei var. canis ile karigik enfeste oldugu tespit
edilmistir. Demodex spp. ile enfeste olan képeklerde baskin tir D.
canis olarak belirlenirken, Demodikozisi olan 2 adet kopekte ise
D. canis ve D. injai etkenlerinin beraber enfestasyona yol actig
saptanmuigtir (Tablo 1).

Bu calismada yaz aylan1 (Haziran/Temmuz/Agustos) icerisinde
39 adet uyuz supheli kopekten 15 (%38,46) tanesinde uyuz
etkenlerine rastlanmigtir. Yaz mevsimi i¢in stpheli olan ve uyuz
enfestasyonu tespit edilen kopeklerin ay/cinsiyet/tespit edilen
uyuz etkeni dagilimlar Tablo 2'de gosterilmektedir.
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Caligma sirasinda sonbahar aylar: (Eylil/Ekim/Kasim) icerisinde
66 tane uyuz supheli kopek incelenmis ve bu képeklerden alinan
numunelerin incelenmesi sonucunda 15’inde (%22,72) uyuz
etkenlerine rastlanmigtir. Sonbahar mevsimi i¢in giipheli olan
ve uyuz enfestasyonu tespit edilen képeklerin aylara gére uyuz
etkeni dagihmlar Tablo 3’te gosterilmektedir.

Calismada kis aylarinda (Aralik/Ocak/Subat) 58 adet uyuz siipheli
képek muayene edilmis ve bu képeklerden alinan numunelerin
incelenmesi sonucunda 13’inde (%22,41) uyuz etkenlerine

B A

Sekil 1. Demodex spp. ile enfeste bir kopek

Sekil 2. Demodex spp. (x400 biiyiitme)

rastlanmigtir. Kig mevsimi i¢in siipheli olan ve uyuz enfestasyonu
tespit edilen képeklerin aylara gore uyuz etkeni dagilimlar: Tablo
4’te gosterilmektedir.

Galisma sirasindaki ilkbahar aylarinda (Mart-Nisan-Mayis) 42
adet uyuz siipheli képek muayene edilmis ve bu képeklerden
aliman numunelerin incelenmesi sonucunda 15’inde (%35,71)
uyuz etkenlerine rastlanmigstir. {lkbahar mevsimi icin siipheli olan
ve uyuz enfestasyonu tespit edilen kopeklerin aylara gére uyuz
etkeni dagilimlari Tablo 5’'te gosterilmektedir.

Tablolarda goruldugi tzere Aralik, Nisan ve Agustos aylarinda
enfestasyona rastlanmamigtir. Genel olarak bakildiginda ise
Demodex enfestasyonlar1 daha fazla gozlenmistir. Pozitif bulunan
olgularda yagslara gére dagiimda 1 yagindan kiicitkk ve 1-3 yag
arahiginda Demodex olgularina daha sik rastlanirken, 3 yas tizeri
kopeklerde Sarcoptes ve Demodex olgu sayilarina birbirine yakin
olarak rastlanmigtir (Tablo 6).

Elde edilen bulgular ki kare (X*) (p=0,3522) ve Fisher’in kesin
(p=0,2616) testleri ile istatistiki olarak degerlendirilmis; yas,
mevsim ve cinsiyete gére farkliliklarin 6nemli olmadig: sonucuna
varilmigtur.

Caligmamuz sirasinda kopeklerden alinan ve incelenen érneklerin
aylara ve mevsimlere goére dagilimina baktigimizda; yaz
mevsiminde incelenen 39 6rnekten 151 (%38,46), sonbahar
mevsiminde incelenen 66 6rnekten 15’1 (%22,73), kis mevsiminde
incelenen 58 érnekten 13t (%22,41) ve ilkbaharda incelenen 42
ornekten 151 (%35,71) pozitif bulunmusgtur. Ay bazinda pozitif/
siipheli oranina baktigimizda ise; Mayis (2021) ayinin %62,5'lik
prevalans degeri ile yayginhigin en yiiksek gorilen ay oldugu ve
bunu %56,25’lik ortalama ile Haziran aymin (2020 ve 2021)
takip ettigi goriilmektedir. Nisan ve Agustos aylarinda ise yediser
siipheli képegin laboratuvar muayenesi yapilmis olmakla birlikte
bunlardan hig birinde etkenlere rastlanmamgtir.

TARTISMA

Kedi ve kopeklerdeki ektoparazitler sadece lezyon olusturmak
suretiyle deri hastaliklarina neden olmakla kalmayip aym
zamanda cegitli vektér hastaliklarinin naklinde de rol oynamakta,
ayrica asir1 duyarhlik, anemi ve sekonder enfeksiyonlara da yol
acabilmektedir (20).

Tirkiye'de kopeklerdeki uyuz prevalansini belirlemeye ve
tedavilerine yonelik bazi c¢aligmalar bulunmakla beraber,
bu c¢alismalar genellikle deri enfeksiyonu olan képeklerde
uyuz enfestasyonu oraninin belirtilmesi seklinde karsimiza
cikmaktadir. Kocaelide kedi, koépek ve kafes kuglarinda
enfestasyondan siipheli bulunmasina bakilmaksizin rutin uyuz
teshis yontemleri uygulanarak yapilan ¢calisgmada, muayene edilen
200 kopegin 12’sinde (%6,0) uyuz enfestasyonuna rastlanmusg,
enfestasyonlarin  %66,7’sinin  Sarcoptes scabiei, %33,3’tntin
Demodex canis tarafindan olusturuldugu belirlenmisgtir (21). Hatay
ilinde sokak képeklerinde uyuz etkenlerini belirlemeye yonelik
olarak yapilan bir calismada, incelenen képeklerin %21’inde

Tablo 1. Uyuz siipheli képeklerde pozitif olgularin dagilimlar:

Cinsiyet ]l\{lg;ae);‘e::;:lilen Pozitif Demodex Sarcoptes | Otodectes :(l;::::)l:lex )
Erkek 115 32 15 14 1 2
Disi 90 26 20 5 -
Toplam 205 58 35 19 2 2
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Tablo 2. Bursa sokak képeklerinde yaz aylarinda tespit edilen uyuz bilgileri

Mevsim (ay) l::;:::ene edilen hayvan Pozitif Demodex Sarcoptes Otodectes
Q g Q g Q g Q g -

v Haziran 6 4 5 1 4 1 1 - -

A Temmuz 9 13 3 6 1 3 2 3 -

2 Agustos 1 6 - - - -

Toplam 39 (169, 239) 15 (89, 79) 9 (59, 49) 6 (39, 39) -

Tablo 3. Bursa sokak képeklerinde sonbahar aylarinda tespit edilen uyuz bilgileri

Muayene edilen Pozitif Demodex Sarcaptes dtodoctes

Mevsim (ay) hayvan sayis1

S

o Eylil 11 9 9 1 5 i ) . ]
N

B

A Ekim 9 14 2 4 5 4 i _ )
H

A

R Kasim 12 1 3 3 2 1 1 2 )
Toplam 66 (329, 349) 15 (79, 83) 11 (69, 59) 4(19,30) )

Tablo 4. Bursa sokak képeklerinde kig aylarinda tespit edilen uyuz bilgileri

Muayene edilen Pozitif Demodex Sarcoptes Karigik Otodectes
Mevsim (ay) hayvan say1s1 (Dx+Sar)
Q g Q o} Q o} Q (o Q o
K Aralik 7 7 - - - - - - - - -
I Ocak 11 10 4 5 4 1 - 2 - 2 -
$ Subat 9 14 2 2 2 1 ] 1 ] ]
Toplam 58 (279, 319) 13 (69,79) | 8(69,209) 3 (9) 2 (9) -

Tablo 5. Bursa sokak képeklerinde ilkbahar aylarinda tespit edilen uyuz bilgileri

3 Muayene edilen Pozitif Demodex Sarcoptes Otodectes

Mevsim (ay) hayvan sayis1
Q g Q o Q g Q g Q g

i
L Mart 9 18 3 7 2 3 1 4 - -
K
B
A Nisan 4 3 - - - - - - - -
H
AR May1s 2 6 2 3 1 1 - 1 1 1
TOPLAM 42 (159, 279) 15 (59, 103) 7 (39, 49) 6 (19, 50) 2 (19,10)

Tablo 6. Uyuz pozitif olgularin yasa gore dagilimi

<1lyas

1-3 yas

>3 yas

Olgu sayis1

8 adet Demodex
4 adet Sarcoptes
1 adet Otodectes

22 adet Demodex
7 adet Sarcoptes
1 adet Otodectes

6 adet Demodex
7 adet Sarcoptes
2 adet Demodex + Sarcoptes

Pozitif/stupheli (%)

13/41 (%31,70)

30/101 (%33,66)

15/63 (%23,80)
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D. canis, %19unda ise Sarcoptes scabiei var. canis tespit edilmigtir
(17) ve bu sonuglar bizim buldugumuz degerlerle de uyumludur.
Canpol ve ark. (1994) tarafindan Van ilinde gerceklestirilen bagka
bir ¢alismada ise D. canis’in képeklerde %44,4 oraninda yaygin
oldugu belirlenmigtir (22). Diyarbakirda sokak képeklerinde
kulak hastaliklarinin  yayginliginin = belirlenmesine  yonelik
calismada, tespit edilen kulak hastaliklarinin %28’inde uyuz
etkeni (Otodectes spp.) tespit edilmistir (23). Ulkemizde yapilan
calismalarda bulunan etkenler bizim bulgularimizla benzerlik
gosterirken, enfestasyon oranlari farklilik géstermektedir.
Diinyada bircok tlkede kopeklerde uyuz enfestasyonlariyla ilgili
caligmalar yapilmigtir. Birka¢ érnek vermek gerekirse; Nepal'in
Katmandu boélgesinde yapilan bir caligmada uyuz stiphesi ile
incelenen 60 képegin 34 tanesinin uyuz etkenleri ile enfeste
oldugu belirlenmigtir. Bu 34 képegin 23’tiinde (%68) Demodex
spp. bulunurken 11’'inde (%32) Sarcoptes scabiei var. canis tespit
edilmigtir (24). Calismada bildirilen bu oranlar, calismamizda elde
edilen oranlara olduk¢a yakindir. Meksika'da kopeklerde uyuz
prevalansim belirlemek amaciyla gerceklestirilen bir caligmada
ise %23 oraninda D. canis, %7 oraminda Sarcoptes scabiei var.
canis ve %3,5 oraninda Otodectes cynotis tespit edilmistir (25).
Bizim caligmamizda elde ettigimiz bulgular da bu ¢aligmamn
bulgular ile benzerdir. Cin'de képeklerdeki Demodex prevalansini
belirlemek amaciyla yapilan bir ¢alismada incelenen képeklerin
%13,31’i Demodex enfestasyonu yéniinden pozitif bulunurken,
Demodex prevalansi ile képegin yasi, cinsiyeti ve mevsim arasinda
6nemli bir iligki ortaya konulamamigtir (26).

Elde edilen bulgular 1s1¢1nda yapilan istatistiksel analizler [ki-kare
testi (p=0,3522), Fisher'in kesin testi (p=0,2616)] sonucunda
Bursa'daki sahipsiz hayvan bakimevlerine uyuz stphesi ile
getirilen sokak koépeklerinde uyuz yayginhigi ile mevsim-yas-
cinsiyet faktorleri agisindan anlamh bir iligki saptanamamigtir
(p>0,05).

Calismaya dahil edilen uyuz enfestasyonlu képeklerin cinsiyetleri
dikkate alindiginda; erkeklerin 32’si (%55,2), digilerin ise
26’s1 (%44,8) pozitif bulunmusgtur. Bu durum képeklerde uyuz
prevalansini belirlemek i¢in yapilmis olan bir¢ok ¢aligmada
bulunan benzeri veriler ile desteklenmektedir. Ali ve ark. (9),
Bangladeg-Dinajpur bélgesindeki kopeklerde uyuz prevalansini
belirlemek icin yaptiklar: calismada erkek képeklerin %601 ve disi
kopeklerin %40’ 1nin uyuz ile enfeste oldugunu tespit etmislerdir.
Bagka bir ¢alismada ise uyuz enfestasyonu yéniinden pozitif
oldugu belirlenen képeklerden %57’sinin erkek, %43’tniin ise disi
oldugu bildirilmistir (24). Cin’in gineyinde yer alan Guangzhou
sehrinde bulunan hayvan hastanesinde képeklerde demodikozis
prevalansini belirlemek amaciyla yapilmis olan bir ¢alismada ise
incelenen 3977 adet képekten 130 (%13,31) tanesinde Demodex
etkeni bulunmugtur. Pozitif tami alan képeklerden 83’tiniin
(%63,8) erkek ve 47’sinin (%36,2) ise disi oldugu belirtilerek, bu
caligma icin erkek képeklerde Demodex prevalansinin daha ytksek
oldugu vurgulanmigtir (26).

Yapilan c¢aligmalarda bulunan degerler arasindaki farklarin,
hayvanlarin tir duyarhliklari, yapisal farklhiliklar:, bulunduklar
bélgenin cografi 6zellikleri ve cevresel kogullar gibi faktérlerin
yayilisla ilgili 6nemli rol oynadig: dustinalmektedir.

SONUC

Bursa ilinde bulunan sokak képekleri tizerinde yapilmis olan bu
calismada uyuz bulgusu gésteren képeklerdeki uyuz pozitifligi

degerlendirilmis olup, Bursa ilinde sokak kopeklerinde gorilen
uyuz olgularimin yayginhg ile ilgili ilk defa veriler elde edilmisgtir.
Gerek ilkemizde gerek tum dinyada képeklerde énemli bir
hastalik olan uyuz enfestasyonlarmin yayihm 6zelliklerinin
bilinmesi, tedavide ve korunmada olduk¢a énemlidir. Diinyada ve
tilkemizde képeklerde uyuz enfestasyonunun yayginhg ile ilgili
caligmalarin sayisinin olduke¢a sinirli olmasi nedeniyle, bu konuyla
ilgili yeni calismalar yapilmas: gereklidir.

*Tesekkiir: Calismamiza destek olan, Zekner Holding'e bagh
Arion Tlag ve Sanayi Ticaret A.S.'ye (Istanbul) tesekkiir ederiz.
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ABSTRACT

Objective: Anisakis simplex is a fish-borne zoonotic parasite. Although this parasite has been known since the 19" century,
publications on anisakiasis have increased in recent years. Despite this, this subject has yet to be well studied by bibliometric
analysis. This study was conducted to show the research points and trends of A. simplex.

Methods: The Web of Science Core Collection (WoSCC) was mined for articles on A. simplex. The VOSviewer software visually
evaluated countries, institutions, authors, references, and keywords in this field.

Results: A total of 1362 publications were included in this bibliometric analysis. The included publications were published
between 1970 and 2022 from 79 countries, mainly from Spain (n=456, 33.48%). The most prolific year was 2020 (n=74). The
research area that attracted the most publications was parasitology (n=452), while the most productive author in this area was
Cuellar C (n=53). “Anisakis simplex”, “Anisakis” and “anisakiasis” were the most used three keywords.

Conclusion: The number of publications on anisakiasis has been increasing over time, suggesting that A. simplex is becoming an
increasingly important disease worldwide. Research cooperation should be established between researchers from developed and
developing countries to determine effective control strategies for anisakiasis.

Keywords: Anisakis simplex, bibliometric analysis, VOSviewer, fish

oz

Amag: Anisakis simplex, balik kaynakli zoonotik bir parazittir. Bu parazit 19. yiizyilldan beri bilinmesine ragmen son yillarda
anisakiasis ile ilgili yaymlar artmigtir. Ancak, bu konuyla ilgili herhangi bir bibliyometrik analiz yapilmamistir. Bu ¢alisma, A.
simplex’in aragtirma noktalarim ve egilimlerini géstermek amaciyla yapilmgtar.

Yontemler: Web of Science Core Collection (WoSCC) veri tabaninda A. simplex ile ilgili makaleler taranmugtir. VOSviewer
yazilimi kullanilarak, A. simplex ile ilgili calisma yapan iilkeler, kurumlar, yazarlar, referanslar ve anahtar kelimeler gorsel olarak
degerlendirilmistir.

Bulgular: Bu bibliyometrik analize toplam 1362 yayin dahil edilmistir. Dahil edilen yayinlar 1970 ile 2022 yillar arasinda, basta
Ispanya (n=456, %33,48) olmak iizere 79 iilkeden yayinlanmistir. En fazla yayin yapilan y1l 2020 (n=74) yili olmustur. En ¢ok yaym
yapilan arasgtirma alami parazitoloji (n=452) olurken, bu alandaki en tiretken yazar Cuellar C (n=53) olmustur. “Anisakis simplex”,
“Anisakis” ve “anisakiasis” yayinlarda en ¢ok kullanilan t¢ anahtar kelime olmusgtur.

Sonug: Anisakiasis ile ilgili yayinlarin sayisinin zaman i¢inde artmasi, A. simplex’in diinya genelinde giderek énem kazandigim
gostermektedir. Anisakiasis i¢in etkili kontrol stratejilerinin belirlenmesi amaciyla gelismis iilkelerdeki aragtirmacilar ile gelismekte
olan tulkeler arasinda aragtirma ig birligi kurulmahdar.

Anahtar Kelimeler: Anisakis simplex, bibliyometrik analiz, VOSviewer, balik
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INTRODUCTION

Anisakiasis is a parasitic zoonotic disease brought on by
members of the Anisakidae family. Anisakis, Hysterothylacium,
Pseudoterranova, and Contracaecum are genera that belong to
the family Anisakidae (1). But, according to reports, infections
in humans are caused by three species of the genus Anisakis: A.
simplex sensu stricto, A. pegreffii, and A. physeteris (2). A. simplex is
a parasitic worm that infects marine animals that consume fish
and cephalopods, its intermediate hosts (3).

This parasite causes humans disease when raw or undercooked
fish meat containing live larvae is consumed. Humans may have
one of two unique clinical symptoms after consuming infected
fish, cuttlefish, or squid: Living larvae entering the digestive
mucosa cause anisakiasis (3). In a person who has already been
exposed to allergens, allergies are brought on by IgE-mediated
hypersensitivity to live or dead larvae. Anisakiasis may present
as severe epigastric pain, an acute abdomen, or eosinophilic
gastroenteritis. Histology or endoscopy are two methods that can
be used to see the larvae. The primary allergens in Anisakis are
resistant to digestion and are not denatured by heat or cold. The
accurate history and identification of particular IgE are essential
for allergy diagnosis (3,4).

According to estimates from the World Health Organization,
parasite infections brought on by eating fish products affect
roughly 56 million people worldwide (5). The parasites in
question include the family of anisakids, which have a reputation
for causing severe pathologies in people and are widely dispersed
geographically across all continents (4). A significant cause of the
infection is the culinary practice of consuming marinated or raw
fish in European nations like Italy, and the regular consumption
of contaminated raw fish dishes like sushi and sashimi in Japan’s
national cuisine (6,7). Due to increased public knowledge of
anisakiasis infection and better public health diagnosis (better
diagnostic tool development), anisakiasis reports have increased
across most countries (7).

Leuckhart documented the first case of anisakiasis disease in
1876. Still, it wasn’t until the 1960s that the disease became well
known as a result of outbreaks of anisakiasis in the Netherlands
brought on by the ingestion of lightly salted herring (8). A.
simplex has a substantial role in human diseases and reports
of anisakiasis have increased in most countries. A. simplex
has become the etiologic agent included in standard allergen
sets for research into food allergies, drug allergies, and even
anaphylaxis (9). However, there is no systematic bibliometric
analysis study on this topic. In order to better understand how
fundamental and clinical research might grow in the future, we
used a bibliometric analysis to illustrate the research hotspots
and trends of A. simplex.

METHODS

Data Collection

Data were extracted from (https://www.webofscience.com/wos/
woscc/basic-search) Web of Science Core Collection (Science
Citation Index Expanded and Emerging Sources Citation Index)
and was downloaded within one day on November 8, 2022. The
search formula was set to topic = Anisakis simplex and, search date
was from June 1, 1970, to November 8, 2022.

A total of 1362 publications were retrieved, including articles,
editorial materials, reviews, letters, meeting abstracts,
corrections, retractions and proceedings papers. All entries and
references from the retrieved data were exported as plain text
files and saved in the download text format.

Statistical Analysis

The Web of Science Core Collection (WoSCC) was used to gather
the data, which was then imported into Microsoft Excel 2019 and
VOSviewer for visual analysis.

VOSviewer was used to create and display bibliometric maps.
Based on collaborative data, it can be used to create author or
journal maps, and keyword maps created from co-occurrence
data. It is a viewer that the project offers enabling in-depth in-
depth analysis of bibliometric maps. VOSviewer, in contrast to
the generally used bibliometrics tool, places significant emphasis
on the graphic representation of bibliometrics. It is particularly
helpful for displaying big bibliometrics in an understandable
manner. It is beneficial for understandably displaying big
bibliometrics. The primary goal of creating VOSviewer was to
evaluate the bibliometric network, create a visual network map,
and acquire a thorough comprehension of the dynamic structure
of scientific research (10).

We utilized VOSviewer software to examine the country/region
and institutional collaborations, author contributions, and
keyword analysis. We also used Microsoft Office Excel 2019 to
assess the trends.

RESULTS

We retrieved 1362 publications according to search criteria. The
publications were primarily published in the Science Citation
Index Expanded (96.696%) index. 82.379% of the documents
were research articles, and 32.526% were open access. English
was the most preferred language (95.448%).

Anisakis simplex has been the subject of an increase in articles
each year (Figure 1). The publication outputs from 1970 to 1990
are incredibly low, and the research was still at a standstill. The
literature output increased steadily between 1990 and 2000,
indicating that A. simplex started to draw attention. The volume
of articles published between 2010 and 2022 has skyrocketed.
55.07% of the articles were published since 2010.

Most of the publications were from parasitology (33.19%),
immunology (18.36%) and allergy (14.91%) research areas
(Table 1).

number of publications (n)

“y=1,6384x - 32259
R?%0,8194

1970 1980 1990 2000 2010 2020 2030

Figure 1. Publications on A. simplex over time
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The authors from 79 countries contributed to the A. simplex
research (Figure 2). Spain (33.48%), Italy (15.57%) and the
United States (6.90%) were the countries that contributed the
most (Table 2). Network visualization using VOSViewer showed
a strong collaboration between countries for A. simplex research
(Figure 3).

Network visualization using VOSViewer revealed 54 authors
with at least ten publications and 100 citations. According to the
strengths of the authors’ relationships, 54 authors were divided
into 3 clusters (Figure 4). European agencies mostly funded the
studies (Table 3).

Figure 5 shows the maps of the keyword co-occurrence networks.
According to the strengths of the co-occurrence relationships,
151 keywords were divided into 10 clusters. The first five most
used keywords are Anisakis simplex, anisakis, anisakiasis, fish and
allergy, respectively (Figure 5).

DISCUSSION

The bibliometric analysis provides important epidemiological
data about the course of diseases from past to present in

Table 1. Research areas of the publications on A. simplex

Research areas Record | % of
count 1362
Parasitology 452 33.19
Immunology 250 18.36
Allergy 203 14.91
Food science technology 146 10.72
Veterinary sciences 130 9.55
Fisheries 121 8.88
Zoology 114 8.37
Marine freshwater biology 101 7.42
Microbiology 66 4.85
Infectious diseases 61 4.48
Tropical medicine 49 3.60
Biochemistry molecular biology 42 3.08
Biotechnology applied microbiology 36 2.64
Ecology 36 2.64
Gastroenterology hepatology 29 2.13
Medicine general internal 28 2.06
Oceanography 25 1.84
Public environmental occupational health 22 1.62
Pharmacology pharmacy 21 1.54
Dermatology 20 1.47
Chemistry applied 19 1.40
Multidisciplinary sciences 18 1.32
Genetics heredity 15 1.10
Biodiversity conservation 14 1.03
Biochemical research methods 12 0.88
Agriculture multidisciplinary 11 0.81
Medicine research experimental 10 0.73
Surgery 10 0.73

medicine all over the world. This analysis explored global
research trends and findings in anisakiasis, a zoonotic fish-
borne parasitic disease. Our bibliometric analysis determined
a steady increase in anisakiasis-related publications from 1970
to 2022. Especially from 1980 to 2020, a significant and long-
term increase was observed in publications, and this increase
was regular. It was seen with this bibliometric analysis that
most articles about anisakiasis were published in 2020. This
is because, during this period, more funds may be allocated by
economically developed countries. In our analysis, Spain was the
country with the most articles, followed by Italy. Our findings
show the existence of reported cases of A. simplex around the
world, with a trend of increasing research output from countries
worldvide. Spain and Italy are landlocked countries with highly
developed economies where seafood is consumed, and their
scientific research capacity and impact on global health research
may have increased accordingly. Unsurprisingly, the USA
ranks third in the publications list, as this zoonotic fish-borne
parasite can find an opportunity for infection on a continent
surrounded by water. Another reason the USA is the third most
researched country may be that it has similar trends as many
other bibliometric studies in different areas, confirming that
it is one of the global research leaders, both quantitatively and
qualitatively (11-14).

Table 2. Top 25 countries related to A. simplex

Countries/regions Record count % of 1362
Spain 456 33.48
Italy 212 15.57
USA 94 6.90
Japan 83 6.09
Poland 82 6.02
Norway 69 5.07
Germany 67 4.92
Australia 50 3.67
South Korea 50 3.67
Portugal 49 3.60
Canada 42 3.08
Scotland 42 3.08
People’s Republic of China 37 2.72
France 36 2.64
Denmark 34 2.50
Brazil 32 2.35
Croatia 28 2.06
England 28 2.06
Argentina 22 1.61
Taiwan 20 1.47
Chile 16 1.18
Belgium 14 1.03
New Zealand 14 1.03
South Africa 14 1.03
Czech Republic 13 0.95
Showing 25 out of 79 entries; 9 record(s) (0.66%) do not contain data in the
field being analyzed
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nations. Thicker lines indicate stronger cooperation. Countries with a more giant circle or text size had higher international collaboration

The function of the budget allocated by countries for diseases
that burden their economies in the health system is essential in
promoting science and research (15). This bibliometric analysis
supports this. The findings show that most funding agencies are
from European countries (European Commission). The results
of our study are consistent with other studies (16). Our results

suggest the need for further large-scale research on anisakiasis
disease, focusing on preventive aspects and increasing importance
in several countries.

Journals are indispensable tools for announcing and
disseminating research; therefore, the prestige of a journal plays a

vital role in communicating the achievement to the relevant part
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Figure 4. Authors with at least ten publications and 100 citations are shown on the map. **Citations are indicated by lines linking
authors. Authors with a greater circle size or font size had a higher number of citations
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Figure 5. Keyword visualization map of articles with at least five occurrences. ***Lines connecting are indicative of occurrence relations

in the articles. Keywords represented with larger circle size or font size had a relatively higher occurrence in the articles

of the society (17). Most of the studies have been published in
the journals; Parasitology Research (IF: 2.38), Allergy (IF: 14.71),
and Journal of Allergy and Clinical Immunology (IF: 14.29).
Generally, authors choose the prestige level based on a journal’s
IE. The aim and scope of a journal play and vital role in attracting
relevant research from different countries. Since anisakiasis is

a parasitic disease that causes allergies and is based on medical
and veterinary science, the journal “Journal of Parasitology” was
among the top four journals in this field since most of the articles
were published in journals focusing on these issues. In this regard,
it should be noted that the reader’s access to the article effects the
count of citations in journals. For this reason, limited access to the
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Table 3. Funding agencies of the publications on A. simplex

Record count % of 1362

European Commission 66 4.85
Spanish Government 24 1.76
Portuguese Foundation for Science and Technology 20 1.47
Instituto De Salud Carlos Iii 15 1.10
Ministry of Education Culture Sports Science and Technology Japan Mext 15 1.10
United States Department of Health Human Services 14 1.03
National Natural Science Foundation of China 13 0.95
Ministry of Science and Innovation Spain 12 0.88
National Institutes of Health USA 12 0.88
Australian Research Council 11 0.81
Showing 10 out of 597 entries; 849 record(s) (62.335%) do not contain data in the field being analyzed

published literature sometimes changes the journal preference of
the author.

On the other hand, among the authors included in the bibliometric
analysis from 79 countries, we found that the authors with the
most articles were from Spain. Among the authors with at least
ten articles and 100 citations on A. simplex, the highest scorer was
Mattiucci Simonetta. Of course, the count of publications does
not always lead to more citations, but it should not be forgotten
that the work will be cited for its content, originality and new
contributions to science. One of the leading authors in the field
of anisakidosis, one of the published works of Matiucci Simonetta
received the highest number of citations.

Keywords play an important role in finding the document we are
scanning. The most used keywords in our analysis were “Anisakis
simplex” and “Anisakis”. The keywords we chose pointed to the
aetiology of the zoonosis. In anisakiasis, most published studies
focused on knowledge of prevalence, causes of the disease,
and epidemiology. Suppose we want to increase the number of
citations and reach of articles while increasing the number of
articles on a subject. In that case, we should avoid publishing
similar information repeatedly in the introduction. It will suffice
to give enough information to understand the disease initially for
diagnosis and later for treatment. Overworking on just one aspect
of a disease loses interest in the scientific community, which can
hamper control of its spread.

Study Limitations

This study utilized only one database search (WoSCC), which
may impact on the publication frequency and the citation count
in anisakiasis. However, WoSCC is one of the most common
databases used for bibliometric analysis. Our results must be
evaluated in line with this limitation.

CONCLUSION

The research results are of particular value to veterinarians,
parasitologists, and other researchers in this field, and provide
insights into research boundaries and trends in anisakiasis. This
study will provide a fundamental reference for designing future
policies and research funding to manage the disease effectively in
regions where it is endemic. The most commonly used keyword
in anisakiasis was “Anisakis simplex”, the most studied research
area was parasitology, and the most studied country was Spain.

Spain made 33.48% of the publications on anisakiasis and
15.57% by Italy. To develop effective control strategies in the
fight against anisakiasis, it would be beneficial for researchers
in countries with a small number of studies where the disease is
seen and researchers in developed countries to establish research
cooperation.
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oz

Sitma, cogunlukla anofel cinsi disi sivrisineklerin insanlar1 sokmasi ile bulasan paraziter bir hastaliktir. Ulkemizdeki yerli sitma
olgusu bildirimi Diinya Saglik Orgiiti kayitlarinda gériillmemekle birlikte, yurt dis1 kaynakl olgular tespit edilmektedir. Sitmanin
endemik oldugu tilkelere seyahat edenler parazitle enfekte olarak hastaliga yakalanabilmektedir. Ulkemizde her yil ortalama 200-
250 yurt dist kaynakh sitma olgu bildirimi yapilmaktadir. Ulkemizde tespit edilen yurt dist kaynakli sitma olgularinin yaklastk
%751 P. falciparum sitmasidir. Sitma ve salmonelloz 6zellikle gelismekte olan tilkelerde gériilen enfeksiyonlardir. Sitma-Salmonella
koenfeksiyonu, nadir gérilmekle birlikte, yitksek mortaliteyle seyredebildigi icin, erken tam ve tedavisi énem tasimaktadir.
Hastaligin endemik oldugu bolgelere yapilacak seyahatlerde, 6n bilgilendirme ve kemoprofilaksiye baglanmas: bulagta énemini
korumaktadir. Bu sunumda, herhangi bir kemoproflaksi almadan Afrika’ya is seyahati yapan ve semptomlar sonras: yerel bir
hastaneye bagvurup orada P. falciparum ve Salmonella Typhi koenfeksiyon tanisi alan, ancak eksik tedavi verildigi icin, tlkemize
déniis sonrasi yiiksek ates, tigiime-titreme, bulants, ishal, karin agrisi sikayetleri ile tarafimiza bagvuran ve tam iyilesme ile taburcu
edilen olgu irdelenmistir.

Anahtar Kelimeler: Koenfeksiyon, sitma, Plasmodium falciparum, Salmonella Typhi

ABSTRACT

Malaria is a parasitic disease transmitted by the bite of female Anopheles mosquitoes. Although domestic malaria case notification
in our country is not seen in World Health Organization records, cases originating from abroad are detected. Travelers to countries
where malaria is endemic can become infected with the parasite. In our country, an average of 200-250 cases of malaria originating
from abroad are reported every year. Approximately 75% of malaria cases of foreign origin detected in our country are P. falciparum
malaria. Malaria and salmonellosis are infections especially seen in developing countries. Although malaria-Salmonella coinfection
is rare, early diagnosis and treatment are important in terms of its high mortality rate. Preliminary information and initiation of
chemoprophylaxis in travels to regions where the disease is endemic remain important in transmission. In this presentation, a case
was examined following a business trip to Africa without any chemoprophylaxis, who applied to a local hospital upon symptoms
and was diagnosed with P. falciparum and Salmonella Typhi coinfection but given incomplete treatment. After returning to our
country, the patient applying to us with complaints of high fever, chills, nausea, diarrhea and abdominal pain and was discharged
with ful recovery.

Keywords: Coinfection, malaria, Plasmodium falciparum, Salmonella Typhi

GiRis ovale, P. malariae ve P. knowlesi olup mortalite orani

en yiksek olan tir P. falciparum’'dur. Diinya Saghk
Sitma, c¢ogunlukla anofel cinsi digi sivrisineklerin Orgitinin yayimladign 2022 yih Dinya Sitma
insanlar1 sokmast ile bulagan paraziter bir hastaliktir. Raporu’na gore, 2021'de diinya capinda tahmini 247

Hastalik etkeni olan tiirler, P. falciparum, P. vivax, P. milyon sitma olgusu ve 619 bin sitmaya bagh 6lim
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gerceklesmistir. Ulkemizde her yil ortalama 200-250 yurt dist
kaynakl sitma olgusu bildirilmekte olup bu olgularinin yaklagik
%751 P. falciparum sitmasidir (1). Aym rapora gore Tirkiye'de
2013 yilindan beri yerli sitma olgusu gérilmemektedir. Ancak
2023 yilinda uzun yillar sonra ilk kez Manisa ilinde lésemi 6n
tamst ile takibe alinan ve yurt dis1 seyahat 6ykiisii olmayan 14
yasindaki kiz hastada P. vivax kaynakl yerli sitma olgusu rapor
edilmistir (2).

Yiuksek endemisite boélgelerinde koenfeksiyonlar —seklinde
de gorilebilen sitma enfeksiyonun, salmonelloz gelisimini
kolaylastirdig, sitma ve Salmonella koenfeksiyonunun mortaliteyi
belirgin oranda artirdigy gosterilmistir (2). Salmonelloz, besin
veya suyun tasiyici kaynakl fekal kontaminasyonu ile, sanitasyon
alt yapisinin yetersiz oldugu asir1 kalabalik ve yoksul bolgelerde
yayilabilen, karin agrisi, ishal ve ates gibi gastrointestinal
semptomlarla iligkili bakteriyel bir hastaliktir (3).

Bu olguda, Uganda'da P. falciparum ve Salmonella Typhi tamsi
alan, eksik tedavi géren ve tedavi sonrasi Tiirkiye'de tekrar klinik
semptomlarin baglamas: nedeniyle tarafimizca tedavi edilen bir
hasta ele alinmigtir.

OLGU SUNUMU

Ustime-titreme, ates ve ishal sikayetleri ile acil servisimize
bagvuran 51 yagindaki erkek hastanin 2 gin 6énce Uganda’dan
déndugu, orada P falciparum ve Salmonella Typhi'ye bagh
tedavi aldigy 6grenildi. Hastanin ykistinden ve sundugu saglik
raporlarindan, su sondaj iscilifi nedeniyle Uganda’ya gittigi,
gitmeden once herhangi bir kemoproflaksi almadigi, isiime-
titreme, ishal, bulanti-kusma, ates sikayetleriyle Afrika’da yerel
bir hastaneye bagvurdugu ve hizh tam testi ile P. falciparum tanisi
aldig: ayrica hastanin diger tetkiklerinde Salmonella Typhi IgM/
IgG'nin pozitif saptandigi gorilda. Hastaya aym gun tedavi
baglandig1 ve 1x1 doz 3 giin IM artesunat, p-alaxin ve seftriaksion-
avibaktam uygulandigy, ti¢ giin sonunda ise bir hafta kullanmas:
i¢cin sefiksim ve parasetamol verilerek taburcu edildigi 6grenildi.

fleri tetkik ve tedavi takibi acisindan servisimize yatirilan hastada
benzer sikayetlerin gelismesi tizerine, rekiirrens diginilup ayni
zamanda diger enfeksiyon sebeplerini de kapsayacak ayrintih
tetkikler istendi. Hasta kurumumuza bagvurdugunda kan
degerleri, beyaz kan hiicresi (WBC): 3,6 x10%/uL, trombosit sayimi
(PLT): 53 x10°/pL, hemoglobin (HGB): 15,6 g/dL ve C-reaktif
protein (CRP): 87 mg/dL idi. Hastadan alinan kan érneginden
hazirlanan kalin damla/ince yayma preparatlarinda %3-5
oraninda, P. falciparum ile uyumlu, bir eritrosit icinde birden fazla
sayida yerlesmis, cift tagh ytzik morfolojisinde, geng trofozoitler

goruldu (Sekil 1a).

YA L
.‘:. ® .P

Sekil 1. Hastanin ince yayma preparatlari. a) Tedavi 6ncesi
yapilan ince yayma; b) ilk dozdan 6 saat sonra yapilan ince
yayma

Hastanin tam kan érneginden genomik DNA izolasyonu Qiagen
DNeasy Blood and Tissue (Qiagen, Germany) kiti kullanilarak
yapildi. izole edilen DNA o6rnegi, Plasmodium tespiti ve tiir
tayini amactyla Manisa Celal Bayar Universitesi Tip Fakiiltesi,
Tibbi Parazitoloji Anabilim Dalinda Fast-track FTD Malaria
Differantiation (Fast-track, Luxembourgh) gercek zamanh
multipleks polimeraz zincir reaksiyon Kkiti ile ¢alisildi ve etkenin P
falciparum oldugu dogrulandi (Sekil 2).

1 Saghk Mudiirliigii ile hemen iletisime gecilerek hasta icin
artemeter-lumefantrine temin edildi. Ayn1 zamanda hastadan
alinan tam kan érnegive 2 adet ince yayma preparati Saghk Bakanhg:
Ulusal Parazitoloji Referans Laboratuvari’na génderildi. Hastanin
Uganda'da yapilan tetkiklerinde Salmonella Typhi pozitifligi de
oldugundan, tedavi rejimi, 5 giin 2x4 artemeter-lumefantrine tb
ve 1x2 gr intravenoz seftriakson seklinde dizenlendi. Hastanin
kabuliinde gece takiplerinde tstime-titreme ates ataklari oldu.
Hasta parasetamol verilerek rahatlatildi, salmonellozun takibi
bakimindan kan ve digki 6rnekleri antibiyotik tedavisi verilmeden
énce kiiltar incelemesine alindi. {lk tedavi dozu verildikten 6
saat sonra yapilan ince yaymada geng trofozoit oran1 %3 olarak
saptandi ($ekil 1b). Hastanin giin i¢inde ishal, tistime-titreme
ataklarinin azaldig: gézlemlendi. Fizik muayene bulgular: normal
olup, splenomegali saptanmadi. Tedavinin 2. giintinde sabah ve
aksam alinan ince yaymalarda geng trofozoit oram <%1 olarak
saptandi. Tedavinin 3, 4 ve 5. giinlerinde alinan ince yaymalarda P
falciparum ile enfekte eritrosit gériilmedi. Plasmodium falciparum
tanimiz, ti¢ giin sonra referans laboratuvardan gelen sonug ile de
dogrulandi. Hastadan alinan kan ve digk: kiiltirlerinde Salmonella
iremesinin olmamasi, hastanin Uganda'da aldigi Salmonella
tedavisinin etkili oldugunu distundirdi. Tedavinin 5. gintinde
taburcu olmak isteyen hasta, tedavi red formu imzalayip ayrildi.
Hastanin ayriiginda siprofloksasin 2x750 mg tablet recete
edildi. Hastaya bir gunlikk daha artemeter-lumefantrine verilip
iki giin sonra kontrol i¢in ¢agrildi. Kontrole gelen hastanin kan
degerleri, WBC: 5,5 x10%/pL, PLT: 184 x10>/uL, HGB: 19,1 g/dL,
CRP: 21 mg/dL idi. Ince yayma preparatlarinda P. falciparum ile
enfekte eritrosit gériilmedi. Hastada, Gigtime-titreme, ates ve ishal
semptomlarinin tamamen gegtigi kaydedildi. Ancak hastanin alt
ekstremitelerinde tedavi sonrasi gelisen petegiyel dokiintiiler
gorilda (Sekil 3). Hastanin merkezimize basvurusunu takip
eden 20. giinde son kontrolleri yapild: ve kan degerleri WBC:
6,5 x10%/pL, PLT: 323 x10*/uL, HGB: 14.1 g/dL, CRP: 6 mg/
dL, prokalsitonin: 0,2 seklinde normale déndii. Ince yaymada da
enfekte eritrositler gérilmedi.

o
P. atciparum poriit asta
5

Sekil 2. Plasmodium falciparum™un gercek zamanli-polimeraz
zincir reaksiyonundaki amplifikasyon grafigi
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Sekil 3. Tedavi sonrasi hastanin bacaklarinda gelisen petesiyel

dékiintiiler

TARTISMA

Kiuresel 1stnma, kuraklik ve bélgesel savaslarin tetikledigi gocler,
seyahat ve sezonluk isciler sebebiyle, endemik olmayan bolgelerde
sitma insidansimin arttigi gorilmektedir. Ulkemiz, Ortadogu
iilkelerinden gelen miltecilerin go¢ giizergahinda yer aldig
icin sitmamin yayihm riski agisindan énem arz etmektedir (4).
fzmir'de Zorbozan ve ark. (5) atipik gériinamlii P. falciparum ve P.
vivax olmak tzere iki import olgu bildirmistir. Manisa’da Tiinger
ve ark. (6), bir P. falciparum/P. vivax miks olgusu, Kiitahya'da
Mistanoglu-Ozatag ve ark. (7) ise P falciparum kaynakl alti
olgu bildirmigtir. Hatay ilinde 2008-2017 yillar1 arasinda rapor
edilen sitma olgularini derleyen Sahin ve ark. (8), tamami import
olan 75 olgunun 72’sinin 2010-2017 yillarin arasinda tami
aldigini bildirmistir. Benzer gekilde Begli ve ark. (9) tarafindan
Istanbul'da 2002-2017 yillar1 arasinda gériilen import olgularin
degerlendirildigi bir caligmada, toplam 42 olgu bildirilmis ve bu
olgularin 36’s1 2010-2017 yillar1 arasinda géralmistir. Ser (10),
Antalya'da 2012-2017 yillar1 arasinda, 29'u P. falciparum, dérdu
P vivax, ikisi P. ovale ve biri ise P. malaria olmak uizere toplam 36
import olgu bildirmistir. 2019 yil icinde dért import olgu Keskin
ve ark. (11) tarafindan sunulmus, olgularn ikisi P. falciparum,
ikisi ise P. vivax olarak bildirilmistir. Kazancioglu ve Bodur (12)
Ankara'da, 2010-2018 yillar1 arasinda takip edilen 22 import
sitma olgusunu retrospektif olarak degerlendirmis, hastalarin
18inde etken tirtn P, falciparum, 4tntn ise karigik enfeksiyon
oldugunu rapor etmisgtir.

Diinya Saglik Orgiitii 2022 Sitma Raporu'na gore iilkemizde de
2010-2020 yillar1 arasinda 2.375 import olgu gézlemlenmistir
(1). Saghk Bakanhgi'na gére ise, yillik ortalama 200-250 import
sitma olgusu goérillmekte ve bunlarin %75’inin P. falciparum
sitmas1 oldugu ve yine ortalama bir-dért kiginin P. falciparum
nedeniyle hayatini kaybettigi ifade edilmektedir (13). Ulkemizde
her yil import P. falciparum olgularimin gériliyor olmasi ve
artemisin direncli suglarin Dogu Afrika'da (Ruanda ve Uganda’nin
baz1 bolgelerinde) gorilmeye baglanmasi durumun ciddiyetini
ortaya koymaktadir. Direncin P. falciparum kelch 13 geninde
(PfK13) meydana gelen mutasyonlarla iligkili oldugunu gésteren
kanitlar mevcuttur. Artemisinin direnci ilk olarak 2009 yilinda
Kambog¢ya'nin batisindaki Pailin eyaletinde rapor edilmistir.
Artemisinin direncli P. falciparum, Kuzey Kambogya, Kuzeydogu
Tayland ve Giiney Vietnam’a yayillmis ve genislemistir. Kisa

siire sonra kombinasyon tedavilerinde kullanilan ikinci ila¢ olan
piperaquine’e karsi direncle iligkili kanmitlar da ortaya ¢ikmaya
baglamistir. Ayrica, PfK13- mutasyonlar1 Kuzey Hindistan'da
rapor edilmis ve Papua Yeni Gine, Ruanda, Etiyopya ve Sahra alt1
Afrika'nin diger bolgelerinde de gésterilmistir (14). Ulkemizin,
bu bélgelerden Avrupa’ya dogru olan go¢ yollarmin tzerinde
yer almasi, iklim degisikligine bagh olarak vektérlerin aktif
kalma stresinin artmasi ve anofellerin vektorel kapasitelerinin
degismesi gibi faktérler, direngli P falciparum izolatlarinin
iilkemizde gorilme riskini artirmaktadir. Bu nedenle sitma
enfeksiyonunun, endemik bolgelerden gelen kisilerde mutlaka
sorgulanmasi ve akilda tutulmasi gerekmektedir.

Antimalaryal ilaglara karsi direncin gelismesinde en 6nemli
nedenlerden bir de eksik verilen veya yarim kalan tedavilerdir.
Ozellikle ekonomik olarak zayif olan Afrika iilkelerinde
antimalaryal ilaglarin yitksek maliyeti 6nemli bir sorun
olusturmaktadir. Ulkemizden bu bélgelere caligmak i¢in giden
vatandaglarimiz sitma ile enfekte oldugunda, siklikla yerel
saghk kuruluglan tarafindan eksik tedavi verilerek tilkemize
gonderilmektedir. Hastalar ilk tedavinin verdigi rahatlama
ile hastaligt 6nemsememekte ve c¢ogunlukla enfeksiyon
tekrarlamaktadir. Antimalaryal ilag ile bir kez kargilagsmis olan
parazit, tedavi tamamlanmadiginda diren¢ gelistirme potansiyeli
tagimaktadir. Olgumuzda oldugu gibi hastaya Uganda'da 3 gin
1x1 artesunat IM olarak verilmis ve tedaviden yaklagik iki hafta
sonra hastalik belirtileri tekrar gorilmustiir. Hasta kurumumuza
basvurdugu anda yapilan ilk yayma 6rneklerinde %3-5 civari
parazitemisi mevcuttu. Ulkemizde gecerli olan P. falciparum tedavi
rejimi kapsaminda hastaya 5 gin 2x4 artemeter-lumefantrine
tb verildi ve parazitemi 3. ginde negatiflesti. 5. giine kadar
alinan yaymalarda ve 20. gin alinan kontrol yaymasinda parazit
goriilmedi ve hasta basariyla tedavi edildi.

Koenfeksiyon ile birlikte goriilen sitma olgularinda, enfeksiyonun
maskelenerek atlanmamasi i¢in gerekli farkindalifin yaratilmas:
esastir. CRP ve prokalsitonin gibi enflamasyon belirtecleri,
bakteriyel enfeksiyonlu hastalarin yam swa P falciparum
sitmasinda da yiikselebilmekte ve bu belirteclerin ayirt
edilmesini klinik bir zorluk haline getirmektedir. Ategin yam
sira, sitma hastalarn genellikle pnémoni veya bakteriyel ishal
gibi cesitli spesifik olmayan klinik belirtilerle saglik kurumlarina
bagvurabilmektedir (15).

Sitma parazitlerinin ve Salmonella spp. tiirlerinin cografi olarak
ortigmeleri, 6zellikle sitmanin endemik oldugu tropik bélgelerde
bu iki patojenin birlikte enfeksiyonuna yol acabilir. Literatiirdeki
caligmalar, P. falciparum sitmas1 gorillen hastalarda bakteriyel
koenfeksiyon insidansinin digitk oldugunu gostermektedir (16).
Bu olguda hastanin geldigi bolgede sitma tanisi ve tedavisi almig
olmasy, ilk olarak sitma enfeksiyonun sorgulanmasini ve tedavinin
erken baglamasini saglamistir. Ancak daha énceden tani almayan
ve koenfeksiyon seklinde saglik kurumlarina bagvuran hastalarda
sitma maskelenebilir ve ge¢ tani konmasina bagh olarak daha
ciddi sorunlar ortaya c¢ikabilir. P. falciparum ve Salmonella Typhi
koenfeksiyonu mortal seyredebileceginden, hastada enterik
semptomlar da eglik ediyorsa koenfeksiyon ihtimali géz ardi
edilmemelidir (2). Chilongola ve ark. (17) tarafindan Kuzey
Tanzanya'da yapilan bir caligmada, 128 hastanin 31'inde (%24,2)
P falciparum ve 17'sinde (%13,3) S. Typhi enfeksiyonu pozitif
bulunmustur. P. falciparum-Salmonella Typhi koenfeksiyonu
sadece Bondo bélgesinde 6 hastada (%9,5) tespit edilmigtir. Bazi
caligmalarda, non-tifoidal Salmonella (NTS) enfeksiyonunun
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tifoidal Salmonella veya diger bakteriyemi enfeksiyonlarina
kiyasla siddetli anemi ve sitma ile iligkili oldugu gosterilmistir.
Ayrica, NTS enfeksiyonlarinin daha 6énce antimalaryal tedavi
gbrmus olma ve sitma komplikasyonlari (siddetli anemi, sarilik ve
hipoglisemi) ile iligkili oldugu da rapor edilmistir (18). Ulkemizde
ise, Siimer ve ark. (19), tarafindan Pakistan’a ig seyahati yapan bir
hastada sitma ve Salmonella koenfeksiyonu bildirilmistir.

SONUC

P falciparum her yastaki eritrositleri enfekte ederek ciddi
mortaliteye yol acabileceginden, P. falciparum sitmasinda erken
tan1 ve tedavi ¢ok 6nemlidir. Ozellikle endemik bélgelere seyahat
oykiisii ve tekrarlayan yiiksek ates, tisime-titreme, karin agrisi
sikayetleri olan hastalarda sitma ¢n planda diastntlmeli ve
endemik bolgelere seyahat 6ncesi kemoproflaksi baglanmalidir.
Riskli ve sitmanin endemik oldugu bélgelerden gelen hastalarda
sitma tamis1 konulsa da bizim olgumuzda da oldugu gibi,
koenfeksiyon varligi agisindan ategli dénem 6n planda olmak
iizere kan kiltiirlerinin ve olasi tiim enfeksiyonlara yonelik
tetkiklerin yapilmas: gerektigi mutlaka akilda tutulmaldur.

* Etik

Hasta Onay1: Bu olguda hastanin yazili onami alinmigtur.
*Yazarhk Katkilar1
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Multiple Cerebral Hydatic Cyst Developed After
Operation of Cardiac Hydatic Cyst: A Case Report

Kardiyak Hidatik Kist Operasyonu Sonrast Gelisen Multiple Serebral Kist

Hidatik: Olgu Sunumu
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ABSTRACT

Hydatid cyst is a zoonotic disease and is an important health problem, especially in developing countries. Hydatic cysts are typically
observed in the liver and lungs. Cardiac and brain involvement are rare manifestations. Cardiac hydatic cysts are usually located in
the left ventricle. Brain involvement is frequently seen as a primary cerebral cyst and is almost always solitary. However, secondary
intracerebral cysts are also seen as a result of cardiac cysts rupturing into the left ventricle spontaneously or iatrogenically, and
these are usually multiple. Herein, we report a case that has two rare clinical manifestations of hydatid cysts.

Keywords: Echinococcosis, hydatid cyst, zoonoses

oz

Zoonotik bir hastalik olan kist hidatik, 6zellikle gelismekte olan iilkelerde 6nemli bir saglik sorunudur. Kist hidatik tipik olarak
karaciger ve akcigerlerde goriilmektedir. Kardiyak ve beyin tutulumu hastaligin nadir gériilen tutulumlaridir. Kardiyak kistler
genellikle sol ventrikiilde gérillmektedir. Beyin tutulumu ise siklikla primer serebral kist olarak goriiliir ve cogunlukla soliterdir.
Ancak kardiyak kistlerin spontan veya iyatrojenik olarak sol ventrikiile riptire olmas: sonucu sekonder intraserebral kistler de
gorilmektedir ve bunlar genellikle multipldir. Bu yazida, kist hidatigin iki nadir klinik tutulumunun birlikte gérildugu bir olgu
sunulmugtur.

Anahtar Kelimeler: Ekinokokkoz, kist hidatik, zoonozlar

followed by cysts in the lung, and spleen, and very

INTRODUCTION

Hydatic cyst (HC) is a zoonotic infection caused by
Echinococcus granulosus (E. granulosus) (1). The disease

rarely in the brain, heart, and musculoskeletal system
(3). Here, we report a case of multiple cerebral HCs

that had been previously undergone surgery for
is widely endemic in regions where livestock farming

is prevalent and is included in the list of notifiable
diseases in Tirkiye (2). The parasite has a life cycle

intracardiac HCs.

that involves two main hosts. The definitive host is
usually dogs, while humans act as intermediate hosts
and become infected through fecal-oral ingestion of E.
granulosus eggs. These eggs develop into oncospheres
in the intestine and migrate through the systemic
circulation to various organs. Haematogenously
spreading oncospheres often cause cysts in the liver,
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CASE REPORT

An 8-year-old male patient applied to the outpatient
clinic with complaints of fainting, vomiting, and chest
pain. Physical examination findings were normal,
but electrocardiography showed ST elevation in the
right leads, and the troponin level was elevated. He
was consulted to the cardiology department with a
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prediagnosis of myocarditis. Transthoracic echocardiography
revealed a mass lesion in the interventricular septum. Mediastinal
magnetic resonance imaging (MRI) showed a 37x25x45 mm
septal cystic mass without significant contrast enhancement in
the interventricular septum (Figure 1). On contrast-enhanced
thoracoabdominal computed tomography (CT) revealed a
48x46x58 mm echinococcosis stage 1 (CE1) cystic lesion
(according to the world health organization classification of cyst)
in liver segment 7 and isodense mass lesion without calcification
(Figure 2). Brain CT imaging was normal at the time. Albendazole
15 mg/kg/day (2 doses daily) was started preoperatively. A
pathological examination of the interventricular mass operation
revealed a HC.

Three years after the initation presentation, he presented with
headache, vomiting, and occasional blurred vision for 20 days.
Vital signs and laboratory tests were normal. On neurological
examination, sensory, and motor functions and reflexes were
normal. On brain CT imaging, there were multiple smoothly
circumscribed cystic lesions, the largest of which was 46x49x48
mm in size, without compression effect and edema, without
calcification, and located in the supratentorial region. There was
no contrast uptake on contrast-enhanced brain CT (Figure 3).
Brain MRI showed multiple well-circumscribed supratentorial
cystic lesions that were hypointense on T1-weighted images,
hyperintense on T2-weighted images, and without perilesional
edema on fluid-attenuated inversion recovery images (Figure 4).
The patient preferred a tertiary hospital for surgical treatment.
Albendazole was started before surgery. Cysts in the brain were
removed by craniotomy surgery. The patient had no complaints at
the first postoperative visit and physical examination was normal.
Postoperative brain imaging is shown in Figure 5.

Figure 1. Mediastinal MRI showed a 37x25x45 mm septal
cystic mass without significant contrast enhancement in the
interventricular septum

MRI: Magnetic resonance imaging

DISCUSSION

HCs may involve all organs, primarily the liver and secondarily
the lungs. Cardiac HC is very rare and occurs in 0.5-2% of all HCs.
Cysts are usually found in the left ventricular myometrium (4).
The symptoms of a cardiac HC vary according to its location. The
cyst may be asymptomatic due to its slow growth, or it may cause
valvular regurgitation, atrioventricular defect, arrhythmias, or

Figure 2. The contrast-enhanced thoracoabdominal CT
revealed a 48x46x58 mm cystic lesion in liver segment 7

CT: Computed tomography

Figure 3. Brain CT showed multiple smoothly circumscribed
cystic lesions, the largest of which was 46x49x48 mm in size,
without compression effect and edema, without calcification,
and located in the supratentorial region

CT: Computed tomography
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Figure 4. Brain MRI showed multiple well-circumscribed
supratentorial cystic lesions that were hypointense on T1-
weighted images, hyperintense on T2-weighted images, and
without perilesional edema on FLAIR images

MRI: Magnetic resonance imaging, FLAIR: Fluid-attenuated
inversion recovery

rupture of the cystleading to peripheral and pulmonary embolism,
pericardial effusion, and sudden death due to anaphylaxis (5).
In our case, the cyst was located in the interventricular septum
and caused symptoms of fainting, vomiting, and chest pain.
Brain involvement is seen in only 1-2% of HC cases. 80%
of patients with cerebral HCs are in the pediatric age group
(6). Although the clinical presentation may be asymptomatic
depending on the size and localization of the cyst, it may lead to
increased intracranial pressure or focal neurological symptoms
such as headache, vomiting, visual blurring or loss, hemiparesis,
seizures and behavioral changes. Cerebral HCs can grow 1-10 cm
per year (7). While primary intracranial cysts are usually solitary,
secondary cysts are multiple. Secondary cerebral HC cases
constitute more than 50% of cerebral hydatid cyst patients. The
cysts are supratentorial in the middle cerebral artery region (8).
In our case, it was located supratentorial and caused symptoms of
headache, vomiting, and occasional blurred vision. Brain CT was
normal at initial presentation and the presence of multiple cysts
suggested that the cardiac HC might have multiple dissemination
to the cerebral parenchyma as a complication of the operation.

HCs are usually diagnosed by clinical findings, serological and
imaging methods. In some cases, serological tests may be false
negative, and imaging methods may give better results. In
addition, diagnosis, staging, and follow-up can be easily made

Figure 5. Postoperative brain MRI showed an increase in
intensity consistent with edema and around the postoperative
cavities

MRI: Magnetic resonance imaging

with radiological imaging. In radiological imaging, MRI is very
functional to evaluate the nature of the cyst. Localization of the
internal and external structural features of the cyst can be easily
evaluated. HCs may be unilocular or multilocular and may have
daughter vesicles, membrane separation, and wall calcification.
The diagnosis can be easily made in these cases, but another
differential diagnosis should be considered when solidifying
hydatid cysts.

Radiological evaluation of the cerebral HC and the hypointense
peripheral ring is a typical finding on MRI T2A images
(6). Perilesional edema or wall calcifications are usually
not seen around them. Perilesional edema and contrast
enhancement usually indicate rupture or are complicated by
secondary infection. Rupture of the cyst may cause recurrent
cysts in the subarachnoid space, intracranial and spinal
regions (9). Arachnoid cysts, porencephalic cysts, pyogenic
abscesses, neurocysticercosis, and cystic tumors should be
considered in the differential diagnosis of cerebral HC (10).
Treatment of cardiac and cerebral HC is medical and surgical.
Preoperative albendazole is used as a supportive treatment
to reduce postoperative recurrences (11). In our case, we used
albendazole before cardiac and brain surgery.
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CONCLUSION

In conclusion, this case is important in terms of its contribution
to the literature, as it presents a rare occurence of HCs. If it comes
to mind in the diagnosis, the diagnosis can be easily made with
radiological imaging findings. It should be kept in mind in the
differential diagnosis, particularly for individuals residing in
endemic areas.
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Derleme

Acanthocephala Species of Mammals in Tiirkiye
and A New Species Record from Foxes

Tiirkiyede Memelilerde Acanthocephala Tiirleri ve Tilkilerden Yeni Bir Tiir
Kayd:

©® Mehmet Oztiirk, ® Sinasi Umur
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[T et  Oztirk M, Umur $. Acanthocephala Species of Mammals in Tiirkiye and A New Species Record from

Foxes. Turkiye Parazitol Derg 2024;48(1):66-71.

ABSTRACT

Acanthocephaliasis is a zoonotic parasitic infection of vertebrates. The phylum Acanthocephala contains nearly 1500
acanthocephalan species. The Archiacanthocephala class is observed in terrestrial habitats and usually has a large, spineless trunk.
Acanthocephalans are parasitic worms that use insects as intermediate hosts in their two-host life cycles. Insects, millipedes,
and crustaceans in terrestrial areas serve as intermediate hosts and birds and mammals as definitive hosts. Acanthocephalans
collected from the red fox (Vulpes vulpes) found dead on the road to Sarikamig-Kars in 1995 and stored in formaldehyde were
kept in Ondokuz Mays University Faculty of Veterinary Medicine, Veterinary Parasitology Laboratory Museum until 2023 after
our parasitological study found an infected red fox with Pachysentis sp. This study provides the anatomy of the acanthocephalans
and the laboratory practice necessary for a good and reliable diagnosis. This study reports a new species, Pachysentis sp., of
acanthocephalan (thorny-headed worm) found in red foxes for Turkiye. On the basis of relevant articles, we have created a key to
Acanthocephala species occurring in mammals.

Keywords: Acanthocephala, Pachysentis, Tiirkiye, Vulpes vulpes

oz

Acanthocephaliasis omurgahlarin zoonotik parazitik bir enfeksiyonudur. Acanthocephala kékii yaklasik 1500 acanthocephalan
turd icerir. Archiacanthocephala sinifi karasal habitatlarda 6zgi gorilur ve genellikle biyik, dikensiz bir gévdeye sahiptirler.
Acanthocephalalar, iki konakli yasam déngiilerinde bécekleri ara konak olarak kullanan parazitik canhilardir. Karasal alanlarda
bocekler, kirkayaklar ve kabuklular arakonak, kugslar ve memeliler ise son konak olarak gérev yapar. Sarikamis-Kars yolu
tzerinde 1995 yilinda 6la bulunan kizil tilkiden (Vulpes vulpes) toplanan ve formaldehit icerisinde saklanan Acantocephalalar,
2023 yilina kadar Ondokuz Mayis Universitesi Veteriner Fakiiltesi, Veteriner Parazitoloji Laboratuvar Miizesinde muhafaza
edilmistir, parazitolojik calismamizda Pachysentis sp. olarak teshis edilmistir. Bu ¢alisma, acantocephalan'larin anatomisini ve iyi
ve guvenilir bir teghis i¢cin gerekli laboratuvar uygulamalarinm vermektedir. Bu ¢alisma, Tirkiye icin kizil tilkilerde gériilen yeni bir
akantosefalan (diken bagh solucan) tiiriini, Pachysentis sp., bildirmektedir ve memelilerde goriilen acanthocephalan tirleri i¢in bir
anahtar icermektedir.

Anahtar Kelimeler: Acanthocephala, Pachysentis, Tiirkiye, Vulpes vulpes

terrestrial areas serve as intermediate hosts, and birds
and mammals as definitive hosts (2).

INTRODUCTION

The phylum Acanthocephala contains four classes
@.

Archiacanthocephala class is observed in terrestrial

Archiacanthocephala consists of four orders. The order
Aporororhynchidae, with one genus and seven species,
occurs entirely in birds (3,4). The order Moniliformida
has three genera. Australiformis contains one species,

and nearly 1500 acanthocephalan species

habitats, and Eoacanthocephala, Palaeacanthocephala,

and Polyacanthocephala classes are kept in aquatic
habitats. Class Archiacanthocephala is usually a large,
spineless trunk. Cement glands usually have eight
multinucleate. Insects, millipedes, and crustaceans in

Received/Gelis Tarihi: 24.07.2023 Accepted/Kabul Tarihi: 25.12.2023

Australiformis semoni, and has a localised distribution
in Australia and New Guinea marsupials (5).
Promoniliformis contains one species, Promoniliformis
ovocristatus, and has a localised distribution in the

Address for Correspondence/Yazar Adresi: Mehmet Ozttirk, Ondokuz Mayis University Faculty of Veterinary Medicine, Department of Parasitology,

Samsun, Tlrkiye

Phone/Tel: +90 543 548 45 24 E-mail/E-Posta: mhmt556@gmail.com ORCID ID: orcid.org/0000-0002-3559-0587

@@@@ ©Copyright 2024 Turkish Society for Parasitology - Available online at www.turkiyeparazitolderg.org

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial (CC BY-NC-ND) 4.0 International License.


https://orcid.org/0000-0002-3559-0587
https://orcid.org/0000-0001-9766-2817

Turkiye Parazitol Derg 2024;48(1):66-71

Oztiirk and Umur. Acanthocephala in Mammals 67

Afrotropical region in tenrecs (6). Moniliformis contains eighteen
species and occurs in mammals, including humans. The order
Gigantorhynchidae has three genera (4). Gigantorhynchus
comprises six species, all found in mammals in South America and
baboons in Africa (7). Intraproboscis has one specie, Intraproboscis
sanghae; this acanthocephalan species is found in mammals in
Africa, and Mediorhynchus contains at least 60 acanthocephalan
species from birds worldwide (7). Oligacanthorhynchida contains
twelve genera, including Macracanthorhynchus, Pachysentis, etc.,
and numerous species (4).

For a satisfactory and comfortable morphological diagnosis
of acanthocephalans, it is necessary to have a good command
of their anatomy. Their bodies are generally divided into the
proboscis, the neck and the trunk. The proboscis can be short
and stubby, cylindrical with few hooks or cylindrical with many
hooks (Figure 1). The proboscis has hooks and hooks’ roots. The
hooks and the roots are essential for identification. The neck is
the unarmed part of the trunk immediately following the most
posterior circle of hooks on the proboscis. It may be virtually non-
existent or very long and well-developed. The proboscis receptacle,
the lemnisci and the reproductive system are in the trunk. The
proboscis receptacle allows the proboscis to be pulled in and out
of the trunk and has a single or double wall. A pair of lemniscus
arises at the base of the neck and is thought to have an absorptive
function. The lemniscus may be of equal or unequal length, short
or very long, with or without a nucleus, and of various shapes.
The female reproductive system comprises the gonads, where the
ovarian balls develop and produce the oocytes and the eggs after
fertilisation. The efferent duct of the female system contains the
uterine bell, the uterus and the vagina. The vaginal sphincter and
the genital opening are located posterior to the trunk and all the
genital organs. The male reproductive system generally consists of
two testes, a seminal vesicle, cement glands, a cement reservoir, a
Saefftigen’s pouch, a copulatory bursa and a penis. The testes are
spheroid-ovoid or elongated, tubular, usually found in tandem.
The cement glands can be four, six or eight in number and ovoid,
piriform, elongated or tubular (8,9).

The life cycle of acanthocephalans generally consists of an
intermediate host and a final host. Adult and mated female
acanthocephalans lay eggs in the intestine of vertebrates.
The eggs are excreted together with the faeces of the host. A
proper intermediate host takes up the acanthor in the egg. The
acanthor emerges from the egg, penetrates the intestine of the
intermediate host and passes into the haemocoel. Within the
haemocoel, the acanthor first develops into acanthellae and
then into cystacanth, an infective form for the final hosts. The
definitive hosts become infected by taking the infective form into
the intermediate host. Sometimes cystacanth can be taken up
by paratenic intermediate hosts. In such a case, the cystacanth

Spherical

Cylindrical Pyriform Elongated
ovoid ovoid

Figure 1. Line drawing of variations of the proboscis (original)

penetrates the intestinal wall of the paratenic intermediate host
and enters the mesentery, where its cysts. Suitable end-hosts
can complete the infection by eating paratenic arachnids with
cystacanths in the mesentery (10,11). If another definitive host
eats an infected host, acanthocephalans can infect the new host.
This type of transmission is called post-cyclic transmission (12).

MATERIALS AND METHODS

In 1995, a red fox (Vulpes vulpes) was found dead in a traffic
accident on the Kars-Sarikamig Road and kept in formaldehyde
to prevent putrefaction during transport. Then necropsy was
performed, and the acanthocephalan specimens found were
placed in formaldehyde again. Until 2023, they were kept in
Ondokuz Mayis University Faculty of Veterinary Medicine,
Veterinary Parasitology Laboratory Museum. Some specimens
were dissected to understand their morphological characteristics.
Other samples were prepared with Semichon carmine following
the procedure given below. Then the parasites were identified
using the morphological features under a Nikon Eclipse 80i light
microscope. Special morphological characters were measured
and photographed using the MDX4 - T Mshot camera integrated
into the microscope and then drawn with Adobe Ilustrator 2020
(Figure 2).

The following procedure is used to prepare the preparation from
acanthocephalans (8,13). This procedure is based on relevant
literature and laboratory experience.

* The collected acanthocephalans should be kept in cold water
for 15 minutes to 3 hours. The proboscis will evert for about
50% of the acanthocephalan specimens. The bill must be out
for species identification.

« Transfer to 70% ethanol (At least 48 hours).

+ Transfer Acanthocephalan from 70% ethanol into Semichon’s
stain (2-4-hour average).

« Transfer to 70% ethanol (60 min).

+ The over-dye is destaining in 1% acid alcohol. Acanthocephalan
specimens are kept in the solution until they turn pinkish-red
colour. Depending on the type of stain and acanthocephalan, the
waiting time varies between 1 minute and 30 minutes.

+ Transfer to 1% basic alcohol. Acanthocephalan specimens are
kept in the solution until they turn blue. Depending on the type
of stain and acanthocephalan, the waiting time varies between 1
minute and 30 minutes.

+ Transfer to 70% ethanol. Acanthocephalan specimens are kept
in the solution for at least 30 minutes.

« Transfer to 95% ethanol. Acanthocephalan specimens are kept
in the solution for at least 60 minutes.

+ Transfer to 96-100% ethanol. Acanthocephala specimens are
kept in the solution for at least 60 minutes.

+ Transfer to methyl benzoate. Acanthocephalan specimens
are kept in the solution for at least 60 minutes. In this step,
the Acanthocephalan specimens become transparent, and the
internal structure is visible.

« Mount in Canada balsam.

**1% acid alcohol, 70% ethanol with 1 mL 1 N HC1/10 mL.
***1% basic alcohol, 70% ethanol with 1 mL 1 N NaOH or
ammonia/10 mL.

***Xylene can also be preferred instead of methyl benzoate.
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Figure 2. Pachysentis sp. was recovered in a red fox. A) Pachysentis sp. bar: 2 mm, B) Dissected proboscis, bar: 0,1 mm, C) Pachysentis sp

in formaldehyde before being dissected, bar: 2 mm (original)

RESULT AND DISCUSSION

Acanthocephalans are common in vertebrates worldwide,
including humans (Table 1). Most human cases are due to the
consumption of fish or insects. Although human cases have been
reported in geographically close countries, they have not yet been
reported in Turkiye. In mammals from Turkiye, Moniliformis
moniliformis was reported in rodents (Rattus norvegicus) in 1963
and 1975 (14,15). Macracanthorhynchus hirudinaceus was reported
in domestic pigs (Sus scrofa dom.) in 1964 and wild pigs (Sus scrofa)
in 1965 (16,17). Macracanthorhynchus hirudinaceus was reported
in red foxes (V. vulpes) in 1965, and its prevalence was given 43.1%
(18). Prosthorchynchus was reported in hedgehogs (Erinaceus
europeus) in 1970 (19). A study was conducted in Central Anatolia
and Thrace, and it was reported that acanthocephalan eggs were
found in 37 of 409 red foxes faeces in 2019 (20). With this study,
Pachysentis sp. is reported for the first time in Turkiye, and a new
genus has been added to the acanthocephalan found in mammals
in Turkiye.

Amin (4) published a taxonomy of the genus Pachysentis, including
P.angolensis (Golvan, 1957) Schmidt, 1972 (syn. Oncicola angolensis
Golvan, 1957), P. canicola Meyer, 1931 (type species) (fide Van
Cleave, 1953), P. dollfusi (Machado Filho, 1950) Schmidt, 1972
[syn. Prosthenorchis dollfusi Machado Filho, 1950], P. ehrenbergi
Meyer, 1931, P. gethi (Machado Filho, 1950) Schmidt, 1972 [syn.
Prosthenorchis gethi Machado Filho, 1950], P. lenti (Machado Filho,
1950) Schmidt, 1972 [syn. Prosthenorchis lenti Machado Filho,
19501, P. procumbens Meyer, 1931, P. procyonis (Machado Filho,
1950) Schmidt, 1972. Pachysentis sp. was reported in red foxes
from Greece (21). Pachysentis angolensis was reported in the side-
striped jackal (Lupulella adusta) from the Angolo (22). Pachysentis

canicola was reported in red fox and the golden jackal (Canis
aureus) from Iran, in the maned wolf (Chrysocyon brachyurus),
the striped skunk (Mephitis mephitis), the western diamondback
rattlesnake (Crotalus atrox) from the United States of America
(23-27). Pachysentis dollfusi was reported in the common brown
lemur (Eulemur fulvus) from Madagascar, Africa (28). In Egypt, P.
ehrenbergi was reported in the long-eared hedgehog (Hemiechinus
auratus) and red fox (22,29). Pachysentis gethi was reported in the
lesser grison (Galictis cuja), the greater grison (Galictis vittata) and
the tayra (Eira barbara) from Brazil (30). In Brazil, was reported
P. lauroi in the south american coati (Nasua nasua), P. lenti in the
white-headed marmoset (Callithrix geoffroyi), P. procyonis in the
crab-eating raccoon (Procyon cancrivorus), P. rugosus in Azaras’s
capuchin (Sapajus cay), and P. septemserialis in the black tamarin
(Saguinus niger) (31-34). Pachysentis procumbens was reported
in red fox from Egypt (22). Based on these cited references, the
hosts for Pachysentis species are primates and carnivores within
geographic areas of Africa, Asia, Europe and North, Central and
South America.

A key to the genus of mammals Acanthocephalans (22,34,35):

1. Anterior region of the body bearing a proboscis upon which
hooks or spines are usually arranged in parallel alternating rows-
2. The region between the body proper and the proboscis (the
neck) is elongated and cylindrical, except in the area adjacent to
the proboscis, where a conspicuous spherical enlargement occurs-
Genus Pomphorhynchus.

2. Region behind the proboscis is variously modified but never
bearing a spherical enlargement followed by a narrow, elongated
neck. The body properly never bears spines (Demonstration of
minute spines on the anterior part of the body in cleared specimens
of some genera requires careful light adjustment)-3 or 4
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Table 1. Cases of human acanthocephaliasis published in the
literature.

Species Country Reference
Acanthocephalus rauschi Alaska (22)
Bolbosoma cf. capitum (36)
Bolbosoma nipponicum (37)
Japan (38)
Bolbosoma sp. (39)
(40)
Corynosoma strumosum Alaska (41)
Corynosoma cf. validum 42)
Corynosoma villosum Japan (43)
China 4
(45)
Macracanthorhynchus hirudinaceus 46)
Thailand (47)
(48)
(49)
(50)
Macracanthorhynchus ingens USA (51)
(52)
(53)
Macracanthorhynchus sp. Papua New Guinea | (54)
Australia (55)
(56)
(57
Iran (58)
(59)
(60)
Iraq (61)
Moniliformis moniliformis
Nigeria ©2
(63)
Zimbabwe (64)
Saudi Arabia (65)
Australia (66)
USA €7
(68)
Plagiorhynchus sp. United Kingdom (69)
Pseudoacanthocephalus bufonis Alaska (41)

3.Bodyjust behind the proboscisis swollen, closely set and serving
as an accessory organ of fixation. Proboscis medium length.
Parasitic as adults in mammals and birds-Genus Corynosoma.
Body spines are arranged as a collar near the anterior extremity
and behind. This is placed in 18-23 cross-rows of closely set
spines, the rows separated by a considerable area devoid of spines-
Genus Serrasentis.

4. Subcuticula bearing a few rounded giant nuclei, prominent in
stained whole mounts and sections and their location frequently
recognisable in preserved specimens as minute elevations of the
body surface.

Wall of proboscis receptacle with but a single muscular layer. The
cement gland of males is a single syncytial mass with a few giant
nuclei. Family Neoechinorhynchidae-5 or 8

Proboscis globular, bearing three circles of hooks-5 or 7

5. Six hooks in each circle of hooks upon proboscis-Genus
Neoechinorhynchus.

More than six hooks in each circle-6

6. Eight hooks in each circle-Genus Octospinifer.

Twelve hooks in each circle-Genus Gracilisentis.

7. Proboscis bearing more than three circles of hooks-8

Twenty or more circles of hooks. Subcuticular nuclei are all in the
sagittal plane-Genus Tanaorhamphus.

Eight circles of hooks upon proboscis. Giant nuclei of subcuticular
are not all in the sagittal plane-Genus Pandosentis.

8. With eight cement glands. Parasitic in birds and mammals-9
The proboscis receptacle is a closed muscular sac with retractors
through the posterior extremity. The outer layer of the receptacle
is in spiral bands. Hooks are small and simple, each with a single
posteriorly directed root. Parasitic in mammals. Body evidence of
pseudo-segmentation-Genus Moniliformis.

9. Parasitic in mammals-10

Parasitic in birds.

10. Reproductive organs of males occupy more than one-half the
length of the body cavity. Lemnisci frequently in contact testes-11

Proboscis is provided with a crown of a few circles of strong
crowded so that they may have the appearance of a single and
behind this crown a region of some length with closely set fine
spines-Genus Gigantorhynchus.

Proboscis with several circles of strong hooks. In intestine
marsupials and edentates-Genus Hamanniella.

11. Lemnisci is relatively short and flat. Testes considerably
cement glands-Genus Macracanthorhynchus.

Lemnisci is relatively long and subcylindrical. They were removed
from cement glands-Genus Echinopardalis.

The eight cement glands are not definite-12

Cement glands are almost spherical. Lemnisci is cylindrical, more
than three-fourths the length cavity-Genus Oncicola.

Cement glands are closely crowded together, and a festoon
surrounds the neck-Genus Prosthenorchis.

Cement glands are closely crowded together-Genus Pachysentis.
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