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EDITORDEN

2026 yilinin U¢UNcU sayisini biri yurtdisindan olmak Uzere 5 &zgUn arastirma makalesi ile
cikarmaktayiz. Ozgin c¢alsmalar arasinda, Ulkemizdeki en énemli sark cibani etkeni
Leishmania tropica’nin faredeki enfeksiyon dinamikleri ve farkl kGltGrlerdeki Grefilmelerinin
enfektivite Uzerine eftkilerinin incelendigi bir calisma ile yine ayni parazite ait kurtarma fest
protokolinUn opfimizasyonunu iceren ikinci bir calisma yer almaktadir. Farkl bir grupta, beta
talassemi major hastasi cocuklarda toxoplasmosis seroprevalansinin incelendigi bir calisma,
maske kullanan kisilerdeki Demodex siklik durumunun ortaya konuldugu bir calisma ve
son yillarda artan vaka sayilarn ile kamuoyunda da dile getirilen uyuz hastaligi icin cildiye
uzmanlarinin gérUslerinin yer aldigi bir calisma da bu sayimizda yer almaktadir.

Dergimizin ESCI icin de basvurusu yeniden yapilmis olup sonucu beklenmektedir. Bu sUrece
bUyUk katkisi olan ve gdnderilen makalelere dzveri ile hakemlik yapan, bu sayinin sonunda
da listesi yayinlanan akademisyenlerimize de tesekkUr etmek ve minnetlerimi sunmak isterim.

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

Prof. Dr. Yusuf Ozbel
Bas Editor
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Infectivity

Leishmania tropica Izolatimin BALB/c Fare Modelinde Enfeksiyon

Dinamikleri: Enfeksiyon Oncesi Kiiltiir Kogullarimin Deneysel
Enfektivite Uzerine Etkisi
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ABSTRACT

Objective: To evaluate the effects of distinct pre-infection culture conditions [RPMI-1640 and Schneider’s insect medium (SIM)]
on the experimental infectivity of a clinical Leishmania tropica isolate and to determine how culture-associated differences are
reflected in infection dynamics in the BALB/c mouse model.

Methods: A clinical Leishmania isolate, obtained from a patient with cutaneous leishmaniasis and cryopreserved in liquid nitrogen,
was recovered in NNN medium. Species identification was performed using an internal transcribed spacer 1-targeted probe-
based real-time polymerase chain reaction followed by melting-curve analysis. Following post-thaw recovery, logarithmic-phase
promastigotes were transferred to RPMI-1640 or SIM and maintained for five days without serial subpassaging before experimental
infection. BALB/c mice (n=5 per group) were subcutaneously inoculated in the right hind footpad with 1x10” promastigotes.
Infection dynamics were evaluated over six weeks by monitoring footpad diameter, amastigote burden, and promastigote recovery.
Results: Molecular analysis identified the clinical isolate as L. tropica (MHOM/TR/2025/CBU152). Mice infected with SIM-derived
promastigotes developed visible lesions from week 2. At the same time, longitudinal footpad measurements differed significantly
between the SIM and RPMI groups from week 1 onward (Sidak-adjusted p<0.0001 at each time point). By week 6, the mean
absolute footpad diameter reached 4.22 mm in the SIM group, compared with 3.52 mm in the RPMI group. Amastigote burden was
significantly higher in the SIM group than in the RPMI group [median (interquartile range [IQR]): 6 (5-6) vs. 2 (2-2); p=0.0079].
Promastigote recovery on day 7 was also significantly higher in the SIM group [median (IQR): 1.15 (1.12-1.18) vs. 0.15 (0.14-
0.16)x10%/mL; p=0.0079]. No evidence of infection was observed in the control group.

Conclusion: Pre-infection culture conditions significantly influence the experimental infectivity of an L. tropica isolate in BALB/c
mice. SIM-derived promastigotes exhibited a more infectious phenotype than RPMI-derived promastigotes, supporting SIM
preconditioning as a useful approach for establishing experimental L. tropica infection in BALB/c mice.

Keywords: BALB/c mouse model, cutaneous leishmaniasis; Leishmania tropica, experimental infectivity, Schneider’s insect
medium
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Amag: Bu caligmada, farkl enfeksiyon éncesi kiltir kogullarinin [RPMI-1640 ve Schneider’s insect medium (SIM)] klinik bir Leishmania tropica izolatinin
deneysel enfektivitesi iizerindeki etkisinin degerlendirilmesi ve kultiir kogullariyla iliskili farklihklarin BALB/c fare modelindeki enfeksiyon dinamiklerine
nasil yansidiginin belirlenmesi amaglanmugtir.

Yontemler: Kutanéz leishmaniasisli bir hastadan elde edilerek siv1 azotta kriyoprezerve edilen Klinik Leishmania izolat: NNN besiyerinde canlandirilmistur.
Tar tanimlamasi, transkripsiyonlar arasi bélge 1 bélgesini hedefleyen prob tabanli gercek zamanh polimeraz zincir reaksiyonu ve ardindan erime egrisi
analizi kullamlarak gerceklestirilmistir. Kriyoprezervasyon sonrasi canlandirilan logaritmik fazdaki promastigotlar RPMI-1640 veya SIM besiyerine
aktarilmis ve deneysel enfeksiyon éncesinde seri alt pasaj yapilmaksizin beg giin stireyle kiltiire edilmistir. BALB/c farelere (her grupta n=5) sag arka ayak
tabanindan subkiitan yolla 1x10” promastigot inokiile edilmigtir. Enfeksiyon dinamikleri; ayak tabamni ¢api, amastigot yiikii ve promastigot geri kazanimi
degerlendirilerek alt1 hafta boyunca izlenmistir.

Bulgular: Molekiiler analiz sonucunda Klinik izolat L. tropica (MHOM/TR/2025/CBU152) olarak tanimlanmugtir. SIM kaynakli promastigotlarla enfekte
edilen farelerde gézle goriiliir lezyon gelisiminin 2. haftadan itibaren ortaya ¢iktig: belirlenmistir. Longitudinal ayak tabami 6l¢tiimlerinin ise SIM ve RPMI
gruplan arasinda 1. haftadan itibaren anlamh farkhilik gosterdigi saptanmigtir (her bir zaman noktasi i¢in Sidak-duzeltilmis p<0,0001). Altinci haftada
ortalama mutlak ayak tabani ¢ap1 SIM grubunda 4,22 mm, RPMI grubunda ise 3,52 mm olarak belirlenmigtir. Amastigot yiikiinin SIM grubunda RPMI
grubuna kiyasla anlaml dizeyde daha yiiksek oldugu saptanmistir [medyan (¢eyrekler aras1 aralik [CAA]): 6 (5-6) ve 2 (2-2); p=0,0079]. Yedinci giindeki
promastigot geri kazaniminin da SIM grubunda anlamh diizeyde daha yiiksek oldugu belirlenmistir [medyan (CAA): 1,15 (1,12-1,18) ve 0,15 (0,14-0,16)
x105/mL; p=0,0079]. Kontrol grubunda enfeksiyon bulgusuna rastlanmamugtir.

Sonug: Enfeksiyon éncesi kiltir kogullari, bir L. tropica izolatinin BALB/c farelerindeki deneysel enfektivitesini anlamh diizeyde etkilemektedir. SIM
kaynakli promastigotlar, RPMI kaynakli promastigotlara kiyasla daha enfektif bir fenotip sergilemis ve bu bulgular, SIM'de enfeksiyon éncesi kiltiirlemenin
BALB/c farelerinde deneysel L. tropica enfeksiyonunun olugturulmasinda yararh bir yaklagim oldugunu desteklemistir.

Anahtar Kelimeler: BALB/c fare modeli, kutanéz leishmaniasis, Leishmania tropica, deneysel enfektivite, Schneider’s insect medium

INTRODUCTION Pre-infection culture conditions may contribute to this variability
by altering the developmental composition and infectivity-related
phenotype of promastigote populations. RPMI-1640 is widely
used for routine cultivation of Leishmania promastigotes, whereas
Schneider’s insect medium (SIM) provides a physicochemically
distinct environment, originally developed for insect cell
culture. Experimental studies have shown that manipulation
of culture medium and extracellular pH can enhance metacyclic
differentiation and modify infectivity-related phenotypes in
several Leishmania species, although these effects remain species-
and condition-dependent (4-6). More recently, optimized acidic
SIM was shown to increase metacyclic promastigote production
and enhance complement resistance and macrophage infectivity
in Leishmania (Mundinia) orientalis (4). However, whether similar
culture-dependent effects influence the experimental infectivity
of clinical L. tropica isolates has not been established.

Cutaneous leishmaniasis (CL) is a major vector-borne disease
caused by protozoan parasites of the genus Leishmania and
transmitted by infected female sand flies (Phlebotomus spp. in
the Old World) (1). Among the Old World species, Leishmania
tropica is the principal cause of anthroponotic CL across the
Middle East, North Africa, Central Asia, and the Mediterranean
basin. Its persistent and often disfiguring skin lesions contribute
substantially to chronic morbidity, while current treatments
remain limited by toxicity, variable efficacy, cost, and emerging
drug resistance (2).

The infectivity of Leishmania is determined largely by
metacyclogenesis, the differentiation of non-infective procyclic
promastigotes into infective metacyclic forms within the sand
fly vector. This process is accompanied by morphological,
biochemical, and molecular changes that enhance parasite survival
and establishment in the mammalian host (3). Under in vitro
conditions, promastigote differentiation is influenced by multiple
culture-associated factors, including medium composition, pH,
nutrient availability, serum supplementation, parasite density,
growth phase, and passage history (4-6). Consequently, the
biological state of culture-derived promastigotes represents an
important experimental variable in animal infection studies.
This concept is particularly relevant for L. tropica, for which METHODS
reproducible infection in conventional murine models has

This study aimed to compare the experimental infectivity of a
clinical L. tropica isolate after pre-infection cultivation in RPMI-
1640 versus SIM, and to determine whether these culture-
associated differences are reflected in infection dynamics in
BALB/c mice, as assessed by longitudinal footpad changes, tissue
amastigote burden, and promastigote recovery.

historically been more difficult to achieve than in the classical L. Ethical Approval
major-BALB/c model. Rather than producing rapidly progressive This study was approved by the Local Ethics Committee for
lesions, experimental L. tropica infection typically follows a Animal Experiments, Faculty of Medicine, Manisa Celal Bayar

chronic, slowly developing, and predominantly non-ulcerative University (date: 29.07.2025, decision no: 77.637.435/330).
course. Disease outcome is strongly influenced by parasite strain,

inoculum dose, developmental stage, route of inoculation, and
host-related factors (7,8). Consistent with this variability, a
previous study using a human-derived L. tropica isolate from

Written informed consent was obtained from the patient at
the time of the original clinical sample collection. The archived
parasite isolate used in the present study was de-identified, and

no identifiable patient information was accessed.
Turkiye reported footpad lesions in only four of ten BALB/c mice

following subcutaneous inoculation of 2x10” culture-derived Preparation of Culture Media
promastigotes, with lesions appearing approximately 45 days (I) NNN Medium: To prepare NNN medium, 5 g of agar, 2 g of
after infection (9). peptone, and 1 g of NaCl were dissolved in 200 mL of distilled

water, sterilized by autoclaving at 121 °C for 20 minutes, and
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subsequently cooled to room temperature. The solidified base was
enriched with 1% gentamicin, 1% penicillin/streptomycin, and
30 mL of defibrinated rabbit blood, then dispensed into sterile
slanted tubes and stored at 4 °C for at least 48 hours to allow
proper conditioning.

(II) RPMI-1640 Medium: RPMI-1640 was supplemented with
10% fetal calf serum (FCS), 1% penicillin/streptomycin, and 1%
gentamicin. The pH was monitored using a calibrated pH meter
and adjusted to 7.2 by the gradual addition of 1 M HCl or 1 M
NaOH, as required. The medium was stored at 4 °C and brought
to room temperature before use.

(III) SIM: SIM was was prepared according to the manufacturer’s
instructions and supplemented with 20% FCS, 1% L-glutamine,
and 1% penicillin/streptomycin. The pH was monitored using a
calibrated pH meter and adjusted to 5.5 by gradual addition of 1
M HCl or 1 M NaOH, as required. The medium was subsequently
sterilized through a 0.22-um membrane filter, stored at 4 °C, and
equilibrated to room temperature before inoculation.

In vitro Maintenance of the Clinical Leishmania
Isolate

The clinical Leishmania isolate, originally obtained from a
cutaneous lesion on the right cheek of a patient with CL in Turkiye
and cryopreserved in the Parasite Bank of the Faculty of Medicine
at Manisa Celal Bayar University, was retrieved from liquid
nitrogen and rapidly thawed in a 37 °C water bath. Following
thawing, the promastigotes were immediately transferred onto
freshly prepared NNN medium and cultured at 26 °C to allow
initial recovery and growth. Promastigote growth was assessed
by routine light microscopy, and motile promastigotes in the
logarithmic growth phase were confirmed through evaluations
performed every 2-3 days (10). No serial passaging was performed
in NNN medium. Logarithmic-phase promastigotes obtained
from this single post-thaw recovery culture were used directly in
the subsequent experimental preconditioning procedure.

Molecular Identification of the Clinical Leishmania
Isolate

Molecular species identification of the clinical Leishmania isolate
was performed using internal transcribed spacer 1 (ITS1) -targeted
probe-based real-time polymerase chain reaction (PCR) followed
by melting-curve analysis. Briefly, genomic DNA was prepared
using the Template Preparation Kit (Roche, Germany) according
to the manufacturer’s instructions. Molecular identification was
performed using a probe-based real-time PCR assay targeting
the ITS1 region located between the genes encoding SSU rRNA
and 5.8S rRNA, using specific primers and probes as previously
described (11). Melting-curve analysis was performed using
a Rotor-Gene real-time PCR system. Four reference strains,
L. tropica (MHOM/AZ/1974/SAF-K27), L. major (MHOM/
SU/1973/5ASKH), L. infantum (MHOM/TN/1980/IPT1), and
L. donovani (MHOM/IN/1980/DD8), were included as positive
controls for species identification.

In vitro Preconditioning of Promastigotes for
Experimental Infection

To evaluate whether pre-infection culture conditions influence
subsequent  experimental infectivity, logarithmic-phase
promastigotes of the clinical Leishmania isolate, which was
initially recovered in NNN medium, were transferred to either

RPMI-1640 supplemented with 10% FCS or SIM supplemented
with 20% FCS. Cultures were incubated at 26 °C for five days,
during which parasite proliferation, motility, and morphological
integrity were evaluated daily by light microscopy (12). During
this five-day preconditioning period, no further subpassaging was
performed in either SIM or RPMI-1640. Following the five-day
culture period, stationary-phase promastigotes from the SIM and
RPMI-1640 cultures were harvested separately and washed twice
with sterile phosphate-buffered saline (PBS) by centrifugation
at 1,000x g for 10 min. After each centrifugation step, the
supernatant was carefully removed. Following the final wash,
the parasite pellets were resuspended in sterile physiological
saline. Promastigotes were counted using a hemocytometer, and
the parasite suspensions were adjusted to a final concentration
of 1x10® promastigotes/mL. The same harvesting, washing,
counting, and resuspension procedure was applied to both
experimental groups to standardize inoculum preparation and
minimize carryover of residual culture medium and serum
components.

Experimental Infection of BALB/c Mice with the
Clinical Leishmania Isolate

Male BALB/c mice (6-8 weeks old; n=15) were randomly allocated
to three experimental groups (SIM, RPMI, and control; n=5
per group) using a simple lottery method based on coded lots
assigned to individually identified animals. The SIM and RPMI
groups received promastigotes of the clinical Leishmania isolate
that had been previously cultured in SIM (pH 5.5; 20% FCS)
and RPMI-1640 (pH 7.2; 10% ECS), respectively. These media
represented two complete pre-infection culture conditions.
The individual effects of pH, serum concentration, and basal
medium composition were not evaluated independently. Before
inoculation, promastigotes from both cultures were washed
twice with sterile PBS and resuspended in sterile physiological
saline. Each mouse was inoculated subcutaneously in the plantar
surface of the right hind footpad with 100 pL of the standardized
suspension (1x10® promastigotes/mL), corresponding to 1x10”
promastigotes per mouse. Control mice received 100 uL of sterile
physiological saline. Animals were monitored for six weeks post-
infection under standardized housing and welfare conditions
(13).

Evaluation of Experimental Infection Parameters

Footpad Diameter Measurement

The absolute diameter of the inoculated right hind footpad was
measured weekly with a digital caliper and recorded in millimeters
(mm) to monitor changes over time. Measurements represent the
absolute footpad diameter and were not calculated by subtracting
the contralateral footpad measurement (14). Each mouse was
treated as an independent biological replicate, and group means
and standard deviations (SD) were calculated directly from the
individual animal-level measurements (n=5 per group) at each
time point. No technical replicate measurements were treated
as independent observations. To minimize measurement bias,
weekly footpad diameter measurements were performed using a
digital caliper by an observer blinded to the experimental group
allocation.
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Assessment of Amastigote Burden in Touch
Preparations

At week six, animals were euthanized and infected tissue samples
were collected. Touch preparations were obtained by gently
pressing tissue sections onto clean glass slides, followed by
air-drying and staining with 10% Giemsa (pH 7.2) for 30 min.
Amastigote burden was assessed using a semi-quantitative scoring
system. Smears were examined under oil immersion (1000x
magnification), and parasite burden was classified according
to the following criteria: 6+ (>100 parasites per field), 5+ (10-
100 parasites per field), 4+ (1-10 parasites per field), 3+ (1-10
parasites per 10 fields), 2+ (1-10 parasites per 100 fields), 1+ (1-
10 parasites per 1000 fields), and O (no parasites observed in 1000
fields) (15). To minimize observer bias, microscopic evaluation
and semi-quantitative amastigote scoring were performed by an
observer blinded to the experimental group allocation.

Assessment of Promastigote Recovery in NNN
Medium

Additional tissue fragmentswereasepticallymincedandinoculated
into NNN medium. Cultures were incubated at 26+1 °C, and
promastigote recovery was quantitatively assessed on day 7 post-
culture. Approximately 0.5 mL of the liquid phase was withdrawn
from each NNN culture. To enhance detection sensitivity, the
collected samples were centrifuged, and the resulting pellet
was resuspended in 0.2 mL RPMI to concentrate the parasites.
Promastigotes were counted using a Thoma hemocytometer after
fixation with 10% formaldehyde. Viability was assessed by trypan
blue exclusion, and only viable promastigotes were included in the
quantitative analysis (16).

Statistical Analysis

Statistical analyses were performed using GraphPad Prism version
9 (GraphPad Software, USA). Weekly footpad measurements were
analysed using two-way repeated-measures analysis of variance
(ANOVA), with experimental group as the between-subject
factor and time as the within-subject repeated-measures factor,
followed by Sidak’s multiple-comparisons test for comparisons
between SIM and RPMI at individual time points. Amastigote
burden scores were treated as ordinal data and were presented as
median [interquartile range (IQR)]. Promastigote recovery data
are also presented as median (IQR). For amastigote burden and
promastigote recovery, inferential comparisons were restricted
to the two experimentally infected groups (SIM and RPMI) and
performed using two-tailed Mann-Whitney U tests. The saline-
inoculated group served as a negative control for these outcomes,
and the outcomes were summarized descriptively. All statistical
tests were two-sided, and p<0.05 was considered statistically
significant.

RESULTS

Molecular Identification of the Clinical Isolate

ITS1-targeted probe-based real-time PCR followed by melting-
curve analysis identified the clinical isolate MHOM/TR/2025/
CBU152 as Leishmania tropica, based on its molecular profile in
comparison with the reference strains.

Lesion Development in BALB/c Mice

Longitudinal analysis of weekly footpad measurements, using a
two-way repeated-measures ANOVA, demonstrated significant
effects of experimental group, time, and the group-by-time
interaction (all p<0.0001), indicating distinct lesion progression
trajectories between the SIM and RPMI groups over the six-
week observation period. Post-hoc multiple comparisons showed
no significant difference between the groups at baseline (week
0); however, a significant difference was detected at week 1
and persisted through weeks 2-6 (adjusted p<0.0001 for each
comparison). Despite this early quantitative difference, visible
footpad swelling and lesion development were first observed
in the SIM group at approximately week 2, whereas in the
RPMI group these findings appeared later and remained less
pronounced throughout follow-up. By week 6, the mean + SD
absolute footpad diameter was 4.22+0.01 mm in the SIM group
and 3.52+0.01 mm in the RPMI group. No visible inflammatory
response or lesion formation was observed in the saline control
group. Under the conditions tested, SIM-derived promastigotes
were associated with greater longitudinal footpad enlargement,
higher amastigote burden, and greater parasite recovery than
RPMI-derived promastigotes (Figures 1A-C and 2; Table 1).

Amastigote Burden in Touch Preparations

At week six post-infection, necropsy was performed and infected
footpad tissues were collected for microscopic examination.
Touch preparations were made on clean glass slides, air-dried, and
stained with 10% Giemsa solution (pH 7.2) for 30 min, following
standard protocols. Slides were examined under oil immersion
at 1000x magnification using a bright-field light microscope.
Amastigote burden was significantly higher in the SIM group
than in the RPMI group [median (IQR): 6 (5-6) vs. 2 (2-2); Mann-
Whitney U=0, exact two-tailed p=0.0079]. No amastigotes were
detected in tissue samples from control mice [0 (0-0)] (Figure 1D-
F; Table 1).

Promastigote Recovery in NNN Cultures

Following necropsy at week 6 post-infection, fragments of infected
plantar tissue were aseptically inoculated into NNN medium
and monitored for promastigote proliferation. Promastigote
recovery on day 7 was significantly greater in cultures established
from the SIM group than in those established from the RPMI
group [median (IQR): 1.15 (1.12-1.18)x10%/mL vs. 0.15 (0.14-
0.16)x10°%/mL; Mann-Whitney U=0, exact two-tailed p=0.0079].
No promastigotes were recovered from the saline-inoculated
control group (Figure 1G-I; Table 1).

DISCUSSION

CLis primarily shaped by cell-mediated immune mechanisms, and
its clinical spectrum varies markedly across Leishmania species—
including L. major, L. tropica, L. mexicana, and L. amazonensis—as
well as by host genetic background and qualitative differences
in immune responses (17). This diversity, ranging from self-
resolving lesions to chronic non-healing disease, underscores
the importance of reliable animal models for dissecting CL
immunopathology and evaluating candidate interventions (18).
BALB/c and C57BL/6 mice remain central to this work, as their
distinct immunological profiles—Th2-driven susceptibility in
BALB/c and Thl-mediated resistance in C57BL/6—provide
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Figure 1. Macroscopic and light microscopic findings from
footpad lesions of BALB/c mice six weeks after experimental
Leishmania tropica infection

(A-C) Absolute footpad diameter: promastigotes derived
from SIM cultures induced greater footpad swelling with well-
defined edema and erythema (A), whereas RPMI-derived
parasites produced only mild to moderate enlargement (B).
Saline-injected controls exhibited no visible pathology (C).
(D-F) Amastigote burden: Giemsa-stained impression smears
revealed a dense intracellular amastigote burden in the SIM
group (D), a lower burden in the RPMI group (E), and no
detectable parasites in the control group (F). Arrowheads
denote intracellular amastigotes. (G-I) Promastigote
recovery: representative microscopic fields from NNN cultures
established from footpad tissues of the SIM (G), RPMI (H),
and control (I) groups on day 7. Promastigotes were observed
in cultures from both infected groups, whereas none were
detected in control cultures. Scale bar, D-F: 10 pm; G-I: 10 pm
SIM: Schneider’s insect medium

valuable contrasts for interrogating cellular processes including
Th1/Th2 polarization,
dynamics, and parasite dissemination (19). Within this broader

macrophage activation, cytokine
framework, L. tropica, the principal agent of anthroponotic CL
in the Old World, presents particular experimental challenges
because it typically produces only small, non-ulcerative nodules
and modest delayed-type hypersensitivity responses in mice,
limiting its capacity to generate progressive disease in standard
murine models (20). This has historically hampered detailed

pathogenicity studies. In the present study, we addressed this
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Figure 2. Longitudinal changes in absolute footpad diameter
in BALB/c mice infected with Leishmania tropica promastigotes
cultured under different in vitro conditions. Footpad diameter
was measured weekly using a digital caliper in mice inoculated
with SIM- or RPMI-derived promastigotes and in uninfected
controls. Data are presented as mean + SD (n=5 per group).
Statistical analysis was performed using two-way repeated-
measures ANOVA followed by Sidak’s multiple-comparisons
test for prespecified SIM-RPMI comparisons at each time
point. No significant differences were detected at week O,
whereas significant differences were observed from week 1
through week 6

% Adjusted p<0.0001, ns: Not significant, SIM: Schneider’s
insect medium, SD: Standard deviation, ANOVA: Analysis of

variance

limitation by testing whether pre-infection culture conditions
could enhance the infectivity of a clinical L. tropica isolate in
highly susceptible BALB/c mice.

In the sand fly vector, Leishmania parasites undergo a series of
differentiation steps—including the procyclic, nectomonad,
leptomonad, haptomonad, and metacyclic stages—culminating
in the production of metacyclic promastigotes, the infective
form transmitted to mammals (21). Following inoculation,
these metacyclics rapidly enter macrophages and transform
into intracellular amastigotes, establishing infection (22).
Metacyclogenesis is therefore a key determinant of virulence,
as metacyclic promastigotes possess characteristic adaptations
including elongated flagella, a dense LPG coat, and upregulated
gp63, all of which enhance complement resistance and
early survival within host phagocytes (23). The extent to
which metacyclics are represented in an inoculum directly
influences infection outcomes. While metacyclogenesis occurs
physiologically in the sand fly gut, it can also be induced in vitro
by environmental cues, particularly nutrient limitation and
pH reduction—stressors that mimic those encountered during
blood meal digestion in the vector (24). Under axenic conditions,
promastigotes similarly undergo partial metacyclogenesis as
cultures reach the stationary phase. However, the efficiency of
differentiation varies widely among species and strains, with
some producing only limited numbers of metacyclics and others
exhibiting strong stress-induced differentiation responses (12).
To investigate whether pre-infection culture conditions could alter
subsequent experimental infectivity, promastigotes of the clinical
L. tropica isolate were maintained in SIM (pH 5.5, 20% FCS) or
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Table 1. Quantitative assessment of footpad measurements, amastigote burden, and promastigote recovery in BALB/c mice infected

with Leishmania tropica promastigotes cultured under different in vitro conditions (SIM and RPMI)

Ero Footpad diameter* mm, Ama.stigote burden® Pron:lastigote recovery* x10°/mL nd
(mean = SD) median (IQR) median (IQR)

SIM 4.22+0.01 6 (5-6) 1.15(1.12-1.18) 5

RPMI 3.52+0.01 2(2-2) 0.15 (0.14-0.16) 5

Control 1.98+0.01 0 (0-0) 0 (0-0) 5

was performed using a two-tailed Mann-Whitney U test.

n%: Number of animals included in each experimental group

: Absolute footpad diameter was measured at the inoculated right hind footpad using a digital caliper. Each mouse represented one independent biological replicate, and
values are presented as mean + SD calculated from the five individual animal-level measurements in each group (n=5)

b: Amastigote burden was assessed in Giemsa-stained touch preparations using the following ordinal semi-quantitative scoring system: 6+ (>100 parasites/field), 5+ (10-
100 parasites/field), 4+ (1-10 parasites/field), 3+ (1-10 parasites/10 fields), 2+ (1-10 parasites/100 fields),1+ (1-10 parasites/1000 fields), and O (no parasites detected in
1000 fields). Because amastigote burden represents ordinal data, values are presented as median (IQR). The prespecified comparison between the SIM and RPMI groups

<: Promastigote densities (x10%/mL) were quantified on day 7 following incubation in NNN medium and presented as median (IQR). The prespecified comparison
between the SIM and RPMI groups was performed using a two-tailed Mann-Whitney U test.

mm: Millimeters, IQR: Interquartile range, SD: Standard deviation, SIM: Schneider’s insect medium

RPMI-1640 (pH 7.2, 10% ECS) before inoculation into BALB/c
mice. These conditions were selected because previous studies
in other Leishmania species have shown that environmental
factors, including acidic pH and nutrient composition, can
influence promastigote differentiation and infectivity. Under
the conditions tested, the in vivo results demonstrated that SIM-
derived promastigotes exhibited greater experimental infectivity
in BALB/c mice than RPMI-derived promastigotes. SIM-cultured
promastigotes induced earlier lesion development (detectable
by week 2) and greater absolute footpad diameter by week 6
(4.22+0.01 mm vs. 3.52+0.01 mm; Sidak-adjusted p<0.0001), and
a significantly higher amastigote burden in the SIM group than
in the RPMI group [median (IQR): 6 (5-6) vs. 2 (2-2); p=0.0079].
Promastigote recovery on day 7 was also significantly greater in
cultures established from the SIM group than in those established
from the RPMI group [median (IQR): 1.15 (1.12-1.18)x10%mL
vs. 0.15 (0.14-0.16)x10%/mL; p=0.0079]. Collectively, in the SIM
group, the earlier lesion onset, greater lesion development, higher
amastigote burden, and enhanced parasite recovery provide
consistent evidence that SIM-derived promastigotes have greater
experimental infectivity than RPMI-derived promastigotes.
These findings are with previous
demonstrating that acidic culture conditions can promote
metacyclic differentiation and increase infectivity in several
Leishmania species. Bates and Tetley (25) showed that L. mexicana
cultured in SIM at pH 5.5 developed a predominantly metacyclic-
like population characterized by increased macrophage infectivity
and complement resistance (25). Similarly, Zakai et al. (26)
reported increased proportions of metacyclic promastigotes and
enhanced infectivity under acidic culture conditions in several
Leishmania species. These observations provide a biologically
plausible framework for interpreting the greater experimental
infectivity observed in our SIM-derived L. tropica promastigotes.
In the present study, metacyclic promastigotes were not directly
quantified; therefore, the increased infectivity cannot be
specifically attributed to enhanced metacyclogenesis. Instead, our
findings demonstrate that SIM preconditioning is associated with
amore infectious phenotype in this clinical L. tropica isolate under
the experimental conditions tested.

consistent studies

The mechanisms underlying the greater infectivity of SIM-
derived promastigotes cannot be determined from the present
experimental design. SIM and RPMI differed in pH, serum
concentration, and basal nutrient composition, all of which may

influence parasite physiology and infectivity. Nutrient availability
and metabolic stress have been implicated in promastigote
differentiation in Leishmania spp. (27) while previous studies
also support an important role for acidic culture conditions in
modulating parasite differentiation and infectivity (25). However,
because these variables were not independently controlled in
the present study, the greater infectivity observed after SIM
preconditioning cannot be attributed specifically to acidic pH or
to any single medium component. Rather, our findings indicate
that the overall SIM culture environment was associated with a
more infective phenotype in this clinical L. tropica isolate.

Study Limitations

The present study has several limitations. Metacyclic
promastigotes were not directly identified or quantified; therefore,
the greater infectivity observed after SIM preconditioning cannot
be attributed specifically to enhanced metacyclogenesis, and
this requires confirmation using stage-specific approaches. In
addition, SIM and RPMI-1640 differed in pH, FCS concentration,
and basal medium composition, preventing determination of
the individual contributions of culture-associated factors. The
exploratory design included a relatively small sample size (n=5
animals per group), lacked a formal a priori power calculation,
and evaluated only a single clinical L. tropica isolate; therefore, the
findings should be considered isolate-specific and not generalized
to other isolates without further validation. Future studies using
larger cohorts, additional clinical isolates, controlled culture
conditions, and complementary stage-specific, histopathological,
and immunological analyses are warranted to confirm and extend
these findings.

CONCLUSION

Our findings demonstrate that pre-infection culture conditions
significantly influence the experimental infectivity of a clinical
L. tropica isolate in BALB/c mice. SIM-derived promastigotes
exhibited a more infective phenotype than RPMI-derived
promastigotes, as evidenced by earlier lesion development,
greater tissue amastigote burden, and enhanced parasite recovery.
Although the underlying mechanisms remain to be elucidated,
these findings support SIM preconditioning as a useful approach
for establishing robust experimental L. tropica infection and
provide a basis for further studies investigating culture-associated
promastigote differentiation and infectivity.
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ABSTRACT

Objective: This study aimed to compare the effects of three culture media [RPMI-1640, Schneider’s insect medium (SIM), and
M199] on Leishmania tropica promastigote propagation, preconditioning, and back-transformation of intracellular amastigotes,
with the aim of establishing a standardized parasite rescue and transformation assay (PRTA) capable of consistently generating
infective metacyclic forms.

Methods: Nine experimental groups were designed by combining the three media during the preconditioning and back-
transformation phases. Promastigotes were expanded in the test media and then used to infect differentiated THP-1 macrophages
to obtain intracellular amastigotes. Back-transformation was monitored morphologically under an inverted phase-contrast
microscope, and metabolic activity was quantified using the ATP-based CellTiter-Glo assay.

Results: The highest back-transformation efficiency was observed in test 5 (SIM—SIM) [relative luminescence units (RLU):
49.567+9.099, p<0.05], with microscopic analysis revealing abundant viable transformed promastigotes. In contrast, other medium
combinations produced either limited or no transformation. Test 9 (M199—M199; RLU: 0.089+0.071) and test 1 (RPMI—RPMI;
RLU: 0.118+0.080) showed minimal back-transformation without statistical significance (p>0.05).

Conclusion: These findings demonstrate that culture medium composition is a key determinant of L. tropica promastigote
differentiation. SIM medium supported the most efficient generation of metacyclic promastigotes, likely because it approximates
vector-like conditions. The PRTA model described here offers a reproducible in vitro system for studying parasite differentiation and
provides a practical framework to support infection biology and antileishmanial drug development.

Keywords: Back-transformation, culture medium, Leishmania tropica, parasite rescue, preconditioning, Schneider’s insect medium

0z

Amag: Bu calismada, Leishmania tropica izolat1 kullamlarak farkh kiltiir ortamlarimin [RPMI-1640, SIM (Schneider’s insect
medium], M199) promastigot ¢ogaltimi, én kosullandirma ve amastigotlardan promastigotlara dénusim stirecleri tizerindeki
etkileri karsilagtirmali olarak degerlendirilerek; enfektif metasiklik formlarin yiiksek verimlilikle elde edilebildigi, biyolojik
agidan giivenilir ve metodolojik bakimdan standardize edilebilir bir parazit kurtarma ve déniigtirme test (PRTA) protokoliniin
gelistirilmesi amaglanmgtur.

Yontemler: L. tropica hiicre i¢i amastigotlarinin promastigot forma déniisiimiint degerlendirmek amaciyla, RPMI-1640, SIM
ve M199 besiyerlerinin 6n kosullandirma ve geri doniisim agsamalarinda farkli kombinasyonlarla kullanildig1 dokuz test grubu
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olusturulmusgtur. NNN besiyerinden elde edilen promastigotlar ti¢ farkli besiyerinde ¢cogaltilmg, farklilagmis THP-1 makrofaj hiicrelerinde enfeksiyon modeli
olusturulmustur. Elde edilen hiicre i¢i amastigotlar, PRTA protokolii kapsaminda kiiltiire alinarak déniisiim stirecleri morfolojik olarak invert mikroskopla
izlenmis; metabolik aktiviteleri ATP temelli CellTiter-Glo testi ile kantitatif olarak degerlendirilmistir.

Bulgular: En yiiksek déniistim verimi test 5 (SIM—SIM); grubunda elde edilmistir [goreli liminesans birimleri (RLU): 49,567+9,099, p<0,05]. Bu grupta
mikroskobik incelemelerde yiiksek yogunlukta ve canh déniisen promastigotlar gézlemlenmistir. Diger kiltir ortami kombinasyonlarinda ise déniisiim
ya diisiik dizeyde kalmig ya da hi¢ gerceklesmemisgtir. Ozellikle test 9 (M199—M199; RLU: 0,089+0,071) ve test 1 (RPMI—RPMI; RLU: 0,118+0,080)

gruplarinda déntstim bagaris: dugiik kalmigtir (p>0,05).

Sonug: Kiltir ortami bilesiminin L. tropicamin promastigot déniigsiiminde belirleyici bir faktér oldugu gésterilmistir. SIM besiyeri, vektér benzeri
kosullar: taklit etme kapasitesi sayesinde metasiklik promastigot tiretiminde en yitksek verimliligi saglamistir. Bu ¢alisma, enfeksiyon yetenegi yiiksek
promastigotlarin elde edilmesini miimkiin kilan giivenilir bir in vitro model sunarak enfeksiyon biyolojisi ve antileishmanial ila¢ aragtirmalari i¢in gtgla bir

deneysel altyap: saglamaktadir.

Anahtar Kelimeler: Geri déniigiim, kiiltiir ortami, Leishmania tropica, parazit kurtarma , én kogullandirma, Schneider’s insect medium

INTRODUCTION

Leishmaniasis, a vector-borne disease caused by obligate
intracellular protozoa of the genus Leishmania, remains a
major public health concern in tropical and subtropical regions.
According to the World Health Organization, nearly one million
new cases are reported annually, and the disease continues
to impose a substantial global burden due to high morbidity,
permanent sequelae, and significant socioeconomic impact
(1). Cutaneous leishmaniasis (CL) is the most common clinical
form; if left untreated, it may lead to ulcerative skin lesions and
disfiguring scars. Leishmania tropica, a causative agent of CL
in the Mediterranean basin, the Middle East, and South Asia,
represents a notable regional threat (2). Disease control is further
complicated by limited therapeutic options, increasing drug
resistance, and the growing number of unresponsive field isolates
@3).

The life cycle of Leishmania involves morphological transitions
between flagellated promastigotes in the sand fly vector and
non-flagellated amastigotes within mammalian phagocytic cells.
These stage conversions are regulated by environmental cues such
as temperature, pH, oxygen availability, and nutrient content (4).
In vitro modeling of these developmental transitions not only
provides critical insights into parasite biology but also permits the
isolation of biologically competent, infective forms. Nevertheless,
propagation of promastigotes in culture is strongly influenced
by the composition of the growth medium and surrounding
environmental parameters, and in vitro-derived forms do not
invariably exhibit infectivity in vivo (5). The induction of the
metacyclic promastigote stage—the developmental form that
initiates infection in mammalian hosts—necessitates culture
conditions that accurately recapitulate the physiological transition
from vector to host (6). Preconditioning, defined as the gradual
exposure of parasites to host-like conditions prior to infection,
has therefore been recognized as a critical step in enhancing
infectivity (7).

To overcome inconsistencies in promastigote recovery and
differentiation, the parasite rescue and transformation assay
(PRTA) has been established as a robust analytical platform for
quantitative assessment of parasite viability, infectivity, and
the efficiency of metacyclic differentiation. Nonetheless, the
assay’s analytical sensitivity and inter-assay reproducibility
remain critically dependent on the physicochemical properties
of the culture medium and on the precision and efficacy of both
preconditioning and back-transformation protocols (8). Previous
studies have highlighted substantial interspecies and inter-isolate
variation in culture adaptation, with delays in transformation and
reduced differentiation rates frequently reported (6,9,10). These

limitations raise concerns regarding the biological relevance
of in vitro-derived promastigotes and underscore the need for
standardized protocols that yield infective and functionally valid
forms.

In this study, we investigated the effects of three culture media
(RPMI, SIM, and M199) on the propagation, preconditioning,
and back-transformation of L. tropica promastigotes from
intracellular amastigotes. The aim was to develop a reproducible
and standardized PRTA protocol capable of reliably generating
metacyclic promastigotes, thereby providing a robust platform for
infection biology research and antileishmanial drug development.

METHODS

Ethical Approval

This study was conducted with the approval of the Health Sciences
Ethics Committee of the Manisa Celal Bayar University Faculty
of Medicine (date: 07.05.2025, decision no: 20.478.486/3098).
Patient consent was not required, as the study was performed
using L. tropica strains and THP-1 cells obtained from a parasite
bank, without direct use of human clinical specimens.

Media and Solutions

To support the optimal in vitro growth of L. tropica promastigotes
and THP-1 macrophages, all culture media and buffer solutions
were prepared under aseptic conditions and stored in accordance
with international laboratory standards.

NNN Medium: NNN medium was prepared by dissolving 5g
of agar, 2g of peptone, and 1g of NaCl in 200mL of distilled
water, followed by autoclaving at 121 °C for 20 minutes. After
cooling to room temperature, the medium was supplemented
with 1% gentamicin, 1% penicillin/streptomycin, and 30 mL of
defibrinated rabbit blood. Aliquots were dispensed into sterile
slant tubes and stored at 4 °C for a minimum of 48 hours to allow
stabilization before use.

RPMI-1640 Medium: RPMI-1640 was supplemented with
10% fetal calf serum (FCS), 1% penicillin/streptomycin, and 1%
gentamicin. The pH was adjusted to 7.2. The medium was stored
at 4 °C and equilibrated to room temperature before use in cell
cultures and promastigote cultures.

Schneider’s insect medium (SIM): SIM was prepared
according to the manufacturer’s protocol and supplemented with
20% ECS, 1% L-glutamine, and 1% penicillin/streptomycin. The
pH was adjusted to 5.5 to mimic insect midgut conditions. The
medium was sterilized using a 0.22 pm filter, stored at 4 °C, and
equilibrated to room temperature before use.
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M199 Medium: M199 was enriched with 10% FCS, 1% penicillin/
streptomycin, and 1% gentamicin to support the proliferation
of host cells and promastigotes. The pH was adjusted to 7.4.
Following sterile preparation, the medium was stored at 4 °C and
equilibrated to room temperature prior to application.

Sterile 0.05% Sodium Dodecyl Sulfate (SDS): For controlled
lysis in PRTAs, a 0.05% SDS solution was prepared by dissolving
0.05 g of SDS in 100 mL of sterile distilled water. The solution
was mixed until fully dissolved, sterilized through a 0.22 pm
membrane filter, and stored at 4 °C until use.

Sterile 1xPBS: 1xPBS was prepared by dissolving 8.0 gNaCl,0.2 g
KCl, 1.44 g Na, HPO,-2H,0, and 0.24 g KH,PO, in approximately
800 mlL of distilled water. The pH was adjusted to 7.2-7.4, and the
final volume was brought to 1 L. The solution was sterilized by
filtration through a 0.22 pm membrane filter and stored at 4 °C
until use.

In vitro culture of L. tropica

L. tropica (MHOM/TR/2022/CBU121), isolated from the lesion
on the right cheek of a CL patient in Turkiye and subsequently
maintained in the Parasite Bank of the Faculty of Medicine, Manisa
Celal Bayar University, was rapidly thawed in a 37 °C water bath
after removal from liquid nitrogen. The thawed suspension was
inoculated into NNN medium for initial expansion and incubated
at 26 °C. Parasite proliferation was monitored regularly under
a light microscope, and viable promastigotes in the logarithmic
growth phase were obtained through periodic observations every
2-3 days (11).

THP-1 Macrophage Cell Culture

The THP-1 monocytic cell line was removed from liquid nitrogen
and rapidly thawed in a 37 °C water bath. Cells were centrifuged
at 1500 rpm for 10 minutes to obtain a pellet, which was then
resuspended in 4 mL of RPMI-1640 medium. A 1 mL aliquot of the
suspension was transferred into culture flasks containing 9 mL of
fresh RPMI-1640. Cells were incubated at 37 °C in a humidified
atmosphere with 5% CO,. Cell morphology and viability were
monitored regularly under an inverted microscope, with viability
assessed using trypan blue exclusion. Cell counts were performed
before experimental use, using a Thoma chamber, after a 1:3
dilution. Cultures were passaged regularly, and the medium was
replaced every other day. The medium was supplemented with
100 ng/mL phorbol-12-myristate-13-acetate for differentiation
into macrophage-like cells and incubated for 24 hours (12).

Preconditioning of Promastigotes

To enhance the infectivity of L. tropica promastigotes, a
preconditioning protocol was implemented. This process involved
controlled exposure to environmental stressors that mimic
the transition from the sandfly vector to the mammalian host.
Promastigotes in the logarithmic phase, initially cultured in NNN
medium, were transferred to RPMI-1640 (10% FCS), SIM (20%
ECS), and M199 (10% ECS) and incubated at 26 °C for five days.
Throughout the incubation period, cultures were monitored
daily by light microscopy to assess cell morphology and viability.
This approach aimed to obtain biologically active and infective
promastigotes prior to host-cell infection. The impact of each
medium on the preconditioning process was comparatively
evaluated (7).

Infection of THP-1 Macrophages with L. tropica

Differentiated THP-1 macrophages were harvested using a cell
scraper upon reaching confluency in the culture flasks, and
then centrifuged at 1500 rpm for 10 minutes. The resulting cell
suspension was counted and adjusted to a concentration of 5x10°
cells/mL, and then seeded into fresh RPMI-1640-containing
flasks. Cells were incubated at 37 °C in a humidified atmosphere
with 5% CO, for 24 hours. Subsequently, infection was carried out
using L. tropica promastigotes at a 1:10 (cell:parasite) ratio (13).
The promastigotes had reached the logarithmic growth phase
in RPMI-1640, SIM, or M199. After infection, non-internalized
promastigotes were removed by washing with sterile 1xPBS, and
fresh RPMI-1640 medium was added. Infected cultures were then
incubated for 48 hours at 37 °C under 5% CO,,.

Back-transformation of Amastigotes to Promastigotes

The back-transformation capacity of L. tropica amastigotes
developed within macrophages was systematically evaluated
under defined in vitro conditions. This process serves as a
functional indicator of the parasite’s adaptability to extracellular
environments and enables a comparative analysis of how culture
media modulate promastigote re-differentiation efficiency.

Controlled Lysis and Rescue of L. tropica Amastigotes

Infected macrophage cultures in 96-well plates were washed three
times with sterile 1x PBS and then 20 pL of 0.05% SDS was added
to each well to induce controlled host-cell lysis. Plates were gently
agitated for 30 seconds to ensure efficient lysis while preserving
the viability of released amastigotes. Subsequently, 180 pL of
complete medium (RPMI-1640, SIM, or M199) was added to each
well. Plates were incubated at 26 °C for 96 hours to evaluate the
transformation of intracellular amastigotes into promastigotes.

Quantitative ATP Assay for Back-transformed L.
tropica Promastigotes

Following 96 hours of incubation at 26 °C, viable amastigotes
successfully differentiated into promastigote forms. Subsequently,
100 pL of CellTiter-Glo® reagent was added to each well, and
the plates were incubated at room temperature for 10 minutes.
Luminescence signals were recorded using a luminometer and
expressed as relative luminescence units (RLU). This ATP-based
assay provides a quantitative measure of promastigote metabolic
activity, offering insight into their energy production capacity
and proliferative potential under specific culture conditions.

Morphological Evaluation of Back-transformed L.
tropica Promastigotes

For morphological evaluation of the transformation into
promastigote forms, cultured amastigotes were examined at the
end of the incubation period using an inverted phase-contrast
microscope. Cultures were divided into nine test groups (tests
1-9) based on different medium combinations used during the
preconditioning and recovery phases (Table 1). After 96 hours
of incubation, promastigotes in each group were examined
microscopically, and the images were organized accordingly.
Observations focused on assessing promastigote morphological
integrity, cell density, and motility.
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Table 1. Distribution of experimental groups (test 1-9)
according to the culture media used in the preconditioning and

back transformation phases for the morphological evaluation
of Leishmania tropica promastigote transformation

Test Preconditioning | Back transformation
Test 1 RPMI RPMI

Test 2 RPMI SIM

Test 3 RPMI M199

Test 4 SIM RPMI

Test 5 SIM SIM

Test 6 SIM M199

Test 7 M199 RPMI

Test 8 M199 SIM

Test 9 M199 M199

Statistical Analysis

Statistical analyses were performed to evaluate differences
in transformation efficiency among nine test groups, each
defined by distinct combinations of preconditioning and back-
transformation media (RPMI-1640, SIM, and M199). RLU values
obtained from the CellTiter-Glo® assay were expressed as mean
+ standard deviation. One-way analysis of variance followed by
Tukey’s post-hoc test was used to identify statistically significant
differences between groups, with significance set at p<0.05.
All analyses were conducted using GraphPad Prism version 9.
Additionally, morphological evaluations were performed using
inverted phase-contrast microscopy to assess promastigote
integrity, density, and motility after a 96-hour incubation.

RESULTS

The back-transformation capacity of L. tropica amastigotes
was assessed across nine experimental groups that combined
different culture media during the preconditioning and back-
transformation phases (Figure 1). Quantitative analysis
demonstrated the highest efficiency in test 5 (SIM—SIM), which
yielded a significantly elevated RLU value (49.567+9.099; p<0.05)
compared with all other groups. Microscopic examination
confirmed these findings, revealing dense cultures of motile
promastigotes with characteristic morphology (Figure 2E).
When RPMI was used for preconditioning, notable transformation
was observed only when SIM served as the recovery medium (test
2), with moderate RLU levels and corresponding microscopic
evidence of viable promastigotes (Figure 2B). In contrast, test
1 (RPMI—RPMI) and test 3 (RPMI—M199) failed to support
transformation, with negligible RLU values and no detectable
promastigotes under microscopy (Figures 2A, 2C) (Table 2).
SIM-based preconditioning combined with RPMI recovery (test 4)
resulted in partial back-transformation, as evidenced by moderate
RLU values and visible promastigotes (Figure 2D). However, test
6 (SIM—M199) yielded markedly reduced transformation (RLU:
0.196+0.219), consistent with the presence of only a few motile
promastigotes (Figure 2F; Table 2).

Overall transformation success was lowest in groups
preconditioned with M199. Test 9 (M199—M199) yielded
only minimal RLU values (0.089+0.071) and displayed no
microscopically appreciable promastigote proliferation (Figure

2I). Similarly, test 7 (M199—RPMI) remained at very low
levels (Figure 2G), while test 8 (M199—SIM) displayed slightly
improved transformation (RLU: 1.018+0.547) with low-to-
moderate promastigote density (Figure 2H; Table 2).

Taken together, quantitative and microscopic data indicate
that SIM, when applied during the preconditioning and back-
transformation phases, most efficiently supports the back-
transformation of L. tropica. By contrast, RPMI and M199 alone
were insufficient, with M199 showing the poorest performance
across test groups.

DISCUSSION

Leishmania spp. are digenetic parasites that alternate between
the insect vector and the mammalian host, undergoing distinct
morphological transitions during their life cycle. Modeling these
developmental stages under laboratory conditions contributes
substantially to understanding infection biology and to advancing
therapeutic strategies. However, the biological relevance of such
models is largely determined by the influence of the culture
medium on parasite differentiation and viability (14,15). In
clinical diagnosis, microscopic examination and in vitro culture
are among the most frequently employed direct approaches.
However, their diagnostic sensitivity may exhibit substantial
variability, largely influenced by sample quality, the experience
of the operator, and the degree of optimization of the culture
systems used (16). Although culture isolation is theoretically
considered the diagnostic gold standard, its practical yield is
influenced by multiple biological and technical factors. These
include the composition of the culture medium, the virulence
characteristics of the isolate, and the initial parasite burden in

Figure 1. Layout of a 96-well microtiter plate used to assess
the back-transformation of Leishmania tropica amastigotes
into promastigote forms. [The plate was organized into nine
experimental groups representing distinct combinations of
culture media applied during the preconditioning (PC) and
back-transformation (BT) phases. PC conditions (left axis)
included RPMI (orange), SIM (yellow), and M199 (red),
while BT conditions (top axis) consisted of RPMI (orange),
SIM (yellow), and M199 (red). The white row served as the
negative control]. Each condition was tested in triplicate
technical replicates

SIM: Schneider’s insect medium
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Figure 2. Representative inverted phase-contrast
micrographs showing Leishmania tropica growth following
back-transformation of intracellular amastigotes into
promastigotes under different culture conditions. [Test
groups were defined by the culture media used during
the preconditioning and back-transformation phases: (A)
test 1: RPMI—=RPMI, (B) test 2: RPMI—=SIM, (C) test 3:
RPMI—M199, (D) test 4: SIM—RPMI, (E) test 5: SIM—SIM,
(F) test 6: SIM—M199, (G) test 7: M199—RPMI, (H) test 8:
M199—SIM, (I) test 9: M199—M199]

SIM: Schneider’s insect medium

Table 2. Mean relative luminescence unit (RLU + SD)
values reflecting the back-transformation efficiency of
Leishmania tropica amastigotes into promastigotes under
different preconditioning and back-transformation medium
combinations. [Test groups are defined as follows: test 1
(RPMI—-RPMI), test 2 (RPMI—SIM), test 3 (RPMI—-M199),
test 4 (SIM—RPMI), test 5 (SIM—SIM), test 6 (SIM—M199),
test 7 (M199—RPMI), test 8 (M199—SIM), and test 9

(M199—M199)]

Test RLU (mean * SD)
Test 1 0.118+0.080
Test 2 2.671+2.636
Test 3 0.010+0.008
Test 4 2.404+1.015
Test 5 49.567+9.099
Test 6 0.196+0.219
Test 7 0.107+0.051
Test 8 1.018+0.547
Test 9 0.089+0.071

SD: Standard deviation, RLU: Relative luminescence units

the sample (17). Therefore, culture systems should be optimized
not only for diagnostic purposes but also to enhance their
physiological relevance and standardization for translational
applications, including vaccine development, drug susceptibility
testing, and experimental infection modeling (18). In this
context, our study compared culture conditions that influence
the production of infective metacyclic promastigotes of L. tropica
using RPMI-1640, SIM, and M199 media. The findings suggest
that culture medium composition is a critical determinant,
affecting not only the parasite’s capacity for in vitro proliferation
but also the differentiation processes governing the transition
from promastigote to infective phenotypes.

In Leishmania spp., the process of metacyclogenesis is largely
regulated by the specific environmental conditions of the
thoracic midgut of the vector. In permissive vectors such as
Lutzomyia longipalpis, the acidic pH environment of the thoracic
midgut has been suggested to facilitate the development of
infective metacyclic forms (19). In our study, a notable increase
was observed in the proportion of promastigotes exhibiting
morphological traits consistent with metacyclogenesis when
cultured in SIM medium at pH 5.5, despite the relatively low overall
parasite density. This observation suggests a possible association
between acidic conditions and the in vitro differentiation process
of L. tropica. These findings are consistent with the report by
Siripattanapipong et al. (15), who demonstrated a high rate of
metacyclic differentiation of L. martiniquensis in SIM medium.
Both studies indicate that SIM medium, through its ability to
mimic environmental cues that trigger the transition to the
metacyclic phenotype, appears to exert a pronounced inductive
effect on differentiation. Furthermore, this observation is
consistent with reports describing natural mechanisms of
metacyclogenesis in L. mexicana, L. braziliensis, L. donovani, and
L. major, where spontaneous acidification of the medium during
the stationary phase has been shown to promote differentiation
(6). In our study, the markedly elevated RLU observed in test 5
(SIM—SIM) (49.567+9.099; p<0.05) suggests that SIM medium
exerts a stimulatory effect on metacyclogenesis. This finding is
consistent with the notion that low pH and the compositional
factors of SIM may collectively generate favorable signals that
promote differentiation. Specific components within SIM may
further enhance this effect by more effectively mimicking the
environmental cues that drive the transition to the metacyclic
phenotype. By contrast, culture media commonly used, such as
RPMI-1640 (pH 7.2) and M199 (pH 7.4), exhibited markedly
lower back-transformation efficiencies. For instance, test 1
(RPMI—RPMI), test 3 (RPMI—-M199), test 6 (SIM—M199),
test 7 (M199—RPMI), and test 9 (M199—M199) all yielded very
low RLU values, suggesting that these media do not adequately
reproduce the environmental stress conditions required for
successful differentiation of field isolates. Although such media
are frequently employed, their use may contribute to reduced
infectivity potential during laboratory adaptation, particularly
given the heightened sensitivity of field isolates to environmental
stress.

The declining response rates to first-line therapies across all
clinical forms of leishmaniasis represent a growing public health
concern that threatens the effectiveness of current standard
treatment regimens. This trend underscores the critical need for
systematic monitoring of drug resistance and the assessment
of resistance rates, particularly in endemic regions (20). This
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underscores the need to standardize and strengthen in vitro drug
susceptibility assays based on field isolates. As molecular markers
of resistance are not yet fully defined or clinically validated, assays
employing viable Leishmania stages remain the primary tool for
the epidemiological surveillance of drug resistance. However,
the reliable assessment of drug susceptibility in patient-derived
field isolates continues to face major methodological limitations
due to the lack of standardized, reproducible, and physiologically
relevant test systems. These shortcomings hinder the ability to
predict treatment outcomes and pose significant challenges for
the early detection of therapeutic failure. Consequently, there
remains an urgent need for more robust and standardized in vitro
systems that can provide biologically meaningful and reliable
evaluations of clinical Leishmania isolates (7). In this study, the
PRTA was employed as an in vitro system to evaluate the controlled
back-transformation of amastigotes isolated from infected host
cells into promastigotes. The assay represents a platform with
potential utility in both diagnostic and translational research
contexts. The differentiated THP-1 macrophage model used
herein demonstrates a high degree of biological relevance.
Specifically, motile promastigotes were observed microscopically
within 24 hours after transferring infected host cells from 37 °C
to 26 °C, and by 96 hours, a high density of promastigotes was
confirmed, both freely proliferating in extracellular culture and
still residing intracellularly (21). These findings suggest that
the PRTA protocol can model the transition of Leishmania to
the infective stage under laboratory conditions in a biologically
relevant manner and may serve as a suitable platform for drug
susceptibility testing.

PRTA is an in vitro technique used to evaluate the reversion of
parasites isolated from infected host cells to proliferative forms.
The reliability of PRTA depends on the careful execution of several
key procedural steps. One critical step is the effective removal
of non-internalized Leishmania promastigotes from the culture
after infection. Infected THP-1 macrophage cultures were washed
multiple times with PBS, ensuring that only intracellular parasites
remained in the assay system. This washing step minimizes
the risk of false-positive results and enables the generation of
more reliable data in subsequent analyses (8-21). The second
critical step is the lysis stage, which aims to release intracellular
amastigotes. This is achieved by subjecting infected THP-1 cells
to a brief lysis with a buffer containing 0.05% SDS, allowing
controlled disruption of host cell membranes. Such controlled
lysis facilitates the release of intact amastigotes and is intended
to enhance the overall sensitivity of the assay (8,22). In this study,
the transformation of viable amastigotes into promastigotes
progressed gradually following the transfer of infected macrophage
cultures from 37 °C to 26 °C. Motile promastigotes of L. tropica
were microscopically detected as early as 24 hours after incubation
at 26 °C, both within the cytoplasm of host macrophages and in
the extracellular culture medium. Over time, parasites entered
an active proliferation phase; by 96 hours, large numbers of
extracellular promastigotes were observed, either freely motile
in suspension or clustered in colony-like aggregates. Notably, a
subset of promastigotes remained within macrophages even at 96
hours, as confirmed by microscopic examination. These findings
demonstrate that the back-transformation from intracellular
amastigotes to promastigotes can be reliably monitored under
controlled culture conditions and further support the biological
relevance of the PRTA system. Both critical procedural steps can
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be adapted to automated platforms, allowing the assay to retain
reproducibility and high efficiency through standardization. In
addition, re-washing infected cells after treatment with drugs
or test compounds eliminates residual free promastigotes from
the culture medium. Collectively, these strategies enhance
the reliability of PRTA and facilitate its integration into large-
scale screening applications (8). Such cell-based models not
only provide a more accurate representation of host-parasite
interactions but are also well suited for translational research
due to their compatibility with high-throughput screening
systems. Considering the homogeneity, standardizability, and
ethical sustainability of the cell source, differentiated THP-1
macrophages represent a valuable model system for intracellular
drug screening targeting the amastigote form of Leishmania.
Nevertheless, this study has certain methodological limitations.
First, only three culture media were evaluated, and a broader
parametric analysis encompassing different medium components
(e.g., serum types, glucose concentrations, or ionic compositions)
was not addressed. Second, the assessment relied solely on RLU
measurements without complementary phenotypic or molecular
characterization of metacyclic differentiation. Future studies
should integrate multi-level approaches, including LPG analysis,
infectivity validation through in vitro macrophage infections,
and gene expression profiling, to provide a more comprehensive
understanding

CONCLUSION

This study compared the effects of different culture media
(RPMI-1640, SIM, and M199) on promastigote production,
preconditioning, and back-transformation of L. tropica
amastigotes. The dataindicate that culture medium composition is
a critical determinant, particularly in the generation of metacyclic
promastigotes. Among the tested media, SIM emerged as the
most effective medium for producing infective promastigotes
under experimental conditions, with significantly higher
efficiency than the other media (p<0.05). Supporting the PRTA
protocol with SIM-based conditions enhanced the physiological
relevance of experimental infection models and improved the
reliability of in vitro drug susceptibility analyses. Moreover, the
ability of this model to dynamically track the transformation of
intracellular amastigotes highlights its potential as a useful tool
in translational research. Overall, the findings underscore the
need for standardized and biologically relevant test systems for
the evaluation of clinical field isolates. This work provides novel
insights that may contribute to the refinement of experimental
approaches in Leishmania biology and the optimization of
therapeutic strategies.
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ABSTRACT

Objective: The seroprevalence of anti-Toxoplasma gondii antibodies among children with beta-thalassemia major is not explored
yet. The effect of T. gondii infection on the immune response of patients and to analyse its potential association with selected
immune parameters, namely interleukin (IL)-10, IL-12, IL-17, interferon-gamma (IFN-y), and the concentrations of CD4* and
CD8* cluster of differentiation markers in serum is examined. The study aimed to investigate the seroprevalence of anti-T. gondii
antibodies and the immunological impact in children with -thalassemia major.

Methods: The study included 90 children (71 BTM and 19 controls), aged 6-15 years. Serum, obtained from 5 mL blood samples,
was used to detect anti-T. gondii immunoglobulin (Ig)G and IgM antibodies by rapid tests, ELISA, and VIDAS, while cytokine levels
were measured by ELISA. After serological testing, participants were classified into 4 groups: thalassemia + parasite, thalassemia
only, parasite only, and healthy control. Data were analysed using chi-square and Kruskal-Wallis tests (p<0.05), with results
expressed as mean * standard error for statistical comparison between study groups.

Results: The total seroprevalence of T. gondii was 30.0% (27/90); it was 35.21% among thalassemia patients and 10.53% (2/19)
in the control group. Among thalassemia patients, IgM and IgG seropositivity rates were 8.45% (6/71) and 26.76%, respectively; in
controls, they were 0.0% and 10.53% (2/19). BTM children showed significantly lower levels of IL-10, IL-12, IL-17, CD4*, and CD8*
(p<0.05), whereas IFN-y (p>0.12).

Conclusion: Children with BTM showed a significantly higher seroprevalence of T. gondii than healthy controls. Infection was
associated with significant alterations in immune parameters, indicating increased immune dysregulation in these patients.
Keywords: Toxoplasma gondii, beta-thalassemia major, interleukins, IFN-y
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Amag: Major beta-talasemi hastasi ¢ocuklarda anti-Toxoplasma gondii antikorlarmin seroprevalansi heniiz aragtirilmamustur.
Bu calismada, T. gondii enfeksiyonunun hastalarin bagisiklik tepkisi tizerindeki etkisi ve secilmis bagigiklik parametreleri, yani
interlékin (IL)-10, IL-12, IL-17, interferon-gamma (IFN-y) ile serumdaki CD4* ve CD8 farkhilagma kiimesi belirteclerinin
konsantrasyonlar1 arasindaki potansiyel iligki analiz edilmigtir. Calisma, B-talasemi majér hastasi ¢ocuklarda anti-T. gondii
antikorlarinin seroprevalansini ve bunun immiinolojik etkisini aragtirmay1 amaclamigtir.

Yontemler: Calismaya 6-15 yag araligindaki 90 ¢ocuk (71i B-talasemi majér hastasi, 19'u saglikli kontrol grubu) dahil edildi. 5
mL kan 6rneklerinden elde edilen serum, hizhi test, ELISA ve VIDAS yéntemleriyle anti-T. gondii immunoglobulin (Ig)G ve IgM
antikorlarini saptamak i¢in kullanilirken, sitokin dizeyleri ELISA ile 6l¢tldii. Serolojik testlerin ardindan, katilime ¢ocuklar dort
gruba ayrildi: talasemi + parazit, sadece talasemi, sadece parazit ve saglikli kontrol. Veriler, ki-kare ve Kruskal-Wallis testleri
(p<0.05) kullanilarak analiz edildi ve sonuglar, ¢calisma gruplar arasinda istatistiksel kargilagtirma amaciyla ortalama + standart
error olarak ifade edildi.

Sonug: T. gondiinin toplam seroprevalansi %30,0 (27/90) olarak saptands; talasemi hastalarinda bu oran %35,21 iken, saglikli
kontrol grubunda %10,53 idi. Talasemi hastalarinda. IgM ve IgG seropozitifligi sirasiyla %8,45 (6/71) ve %26,76 iken, kontrol
grubunda bu oranlar %0,0 ve %10,53 (2/19) idi. BTM’li ¢ocuklarda IL-10, IL-12, IL-17, CD4* ve CD8"* diizeyleri istatistiksel olarak
anlamli derecede daha distikti (p<0.05), buna kargin IFN-y (p>0.12).
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Sonug: Major B-talasemi hastas: ¢ocuklarda, saglikli kontrol grubuna kiyasla T. gondii seroprevalans: istatistiksel olarak anlamli derecede daha yiiksek
bulunmustur. Enfeksiyon, bagisiklik parametrelerinde istatistiksel olarak anlaml degisikliklerle iliskilendirilmis olup, bu da s6z konusu hastalarda bagisiklik

diizensizliginin arttigini géstermektedir.

Anahtar Kelimeler: Toxoplasma gondii, major beta-talasemi, interlgkinler, IFN-y

INTRODUCTION

Toxoplasma gondii is an obligate intracellular protozoan parasite
that infects more than one-third of the world’s population and
causes one of the most prevalent parasitic diseases globally (1).
The parasite possesses three morphological stages (tachyzoite),
(bradyzoite), and (oocysts) and three common major genotypes
1, 11, and III) associated with human infection (2,3) and all these
strains have been registered in Iraq in Maysan province (3).
Toxoplasmosis is of considerable global public health significance.
While immunocompetent individuals may present with mild
or no symptoms, the parasite can cause serious complications
in immunocompromised patients, particularly those with
thalassemia who receive regular blood transfusions (4,5). Recent
regional studies have also highlighted the continuing importance
of parasitic infections in Maysan Province and southern Iraq.
A previous sero-epidemiological study in Maysan reported the
presence of T. gondii antibodies among men and pregnant women,
indicating that toxoplasmosis remains an important local public
health issue (6).

Beta-thalassemia major is the most prevalent hereditary
haemoglobin disorder, resulting from mutations in the genes
encoding beta-globin chains, leading to severe haemolytic
anemia and immune dysfunction (7,8). The tachyzoite stage
remains viable in stored blood at 4 °C for up to 50 days (9), and
the seroprevalence of T. gondii among blood donors is estimated
at 33% (10). Cytokines constitute a central axis of the immune
response against T. gondii. Infection induces notable changes in
interleukin (IL)-10, IL-12, IL-17, IEN-y, CD4*, and CD8"* levels
(11,8). The chronic immune suppression resulting from repeated
blood transfusions has been linked to increased susceptibility
of thalassemia patients to T. gondii infection (12). Despite the
recognized susceptibility of patients with transfusion-dependent
beta-thalassemia major to infection with T. gondii, data on its
seroprevalence and associated immune responses in children,
particularly in southern Iraq, remain scarce. Therefore, the
present study aimed to determine the seroprevalence of T. gondii
among children with BTM major and to evaluate its association
with selected immune parameters.

METHODS

Sample Collection and Study Design

A total of 90 venous blood samples (5 mL each) were collected
from beta-thalassemia major patients (n=71). Samples were
obtained from selected children with beta-thalassemia major who
had documented medical histories; cases with conditions other
than T. gondii infection were excluded. Healthy controls (n=19)
have no medical history. Aged 6-15 years, between November
2025 and mid-February 2026, from the Center for Hereditary
and Haemorrhagic Blood Diseases (Thalassemia Center), from
Maysan Teaching Children’s and Maternity Hospital, Maysan,
Iraq. Because antibodies to toxoplasmosis were detected in two
children in the control group of children without thalassemia, the

study population was divided into four groups: (i) thalassemia
with T. gondii (thalassemia + parasite); (ii) thalassemia only; (iii)
non-thalassemia with toxoplasmosis (parasite only); and (iv)
non-thalassemia without toxoplasmosis (healthy control). Blood
samples for thalassemia patients were drawn before transfusion,
placed in gel tubes, centrifuged at 3,000 rpm for 10 minutes to
obtain serum, and stored at -20°C until use.

Ethical approval for this study was obtained from the Research and
Knowledge Management Unit, Training and Human Development
Center, Misan Health Directorate, Ministry of Health, Republic
of Iraq (approval no: 709; date: 27.11.2025). Written informed
consent was obtained from the parents or legal guardians of all
participating children prior to their inclusion in the study.

Serological Diagnosis of T. gondii Infection

Three diagnostic techniques are employed according to the
manufacturer’s instructions:

(a) Rapid antigen detection test: an immunochromatographic
flow assay for initial qualitative detection of immunoglobulin (Ig)
G and IgM,

(b) VIDAS is an automated system employing enzyme-linked
fluorescent assay,

(c) Enzyme-linked immunosorbent assay (ELISA): indirect
sandwich ELISA for qualitative detection of IgG and IgM
(Nipigon Co., Canada) and for quantitative measurement
of the concentrations of human interleukins and cluster of
differentiation markers (IL-10, IL-12, IL-17, IFN-y, CD4" and
CD8"). Uniform procedures were used in the ELISA protocol for
all serological and immunological markers in this study. Results
were obtained using a semi-automatic ELISA system (Bio kit,
USA), with optical density (OD) measured at 450 nm.

Assessment of Immune Parameters: IL-10, IL-12, IL-
17, IFN-y, CD4*, CD8*

Sandwich-ELISA was used to quantify the levels of certain
cytokines. It was performed according to the manufacturer’s
instructions provided with each kit (SunLong Biotech Co., China).
Each Microelisa strip plate provided in this kit was pre-coated
with one of the human interleukins or cluster differentiation
markers (IL-10, IL-12, IL-17, IFN-y, CD4", and CD8"). The cells
were loaded at the bottom of the wells with 50 pl of the serum
samples diluted 1:5 (10 pl serum: 40 pl diluent), mixed well, and
shaken. Then each microtiter plate was sealed with Closure plate
membrane and incubated at 37 °C for 30 minutes. T he membrane
was carefully removed from each microtiter plate and washed
five times with a washing solution. Then, 50 ul of horseradish
peroxidase-conjugated antibodies specific for human interleukins
or cluster differentiation markers (IL-10, IL-12, IL-17, IFN-y,
CD4*, and CD8") were added to each well except the blank control
well, and the microtiter plates were incubated at 37 °C for 30
minutes. The microtiter plates were washed as described above.
Then, 50 pl of chromogen A and 50 pl of chromogen B were added
and carefully mixed and incubated at 37 °C for 15 minutes in the
dark. Finally, the reaction was terminated by adding 50 microliters
of stop solution.
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The OD of the samples was measured spectrophotometrically at
a wavelength of 450 nm using the ELISA reader. The OD value
was proportional to the concentration of each parameter. You can
estimate the concentration of each parameter in the samples by
comparing sample ODs to the standard curve.

Statistical Analysis

Statistical analyses were performed using SPSS version 27. Chi-
square test (%) and Kruskal-Wallis test (H statistic) were applied
using a significance level of 0.05 to assess statistical significance.
Results are expressed as mean + standard error.

RESULTS

T. gondii Infection Among Beta-thalassaemia Major
Patients

The current results (Table 1) show a seroprevalence of T. gondii
of 35.21% (25/71) among children with beta-thalassemia major,
which is higher than the seroprevalence recorded in non-infected
children with thalassemia (control group), 10.53% (2/19). A
statistically significant relationship was found between beta-
thalassemia major and toxoplasmosis (y?=4.349, p<0.05).

Distribution of IgM and IgG Antibodies among
Children Population

The results of the current study (Table 2) showed that the overall
seroprevalence of anti-T. gondii IgM and IgG antibodies among
the children participating in the study was 30% (27/90). The
participating children with thalassemia recorded the highest
seroprevalence of the two antibodies (anti-T. gondii IgM + anti-T.
gondii IgG), at 35.21% (25/71), compared with 10.53% (2/19)
among children without thalassemia. Table 2 also shows that
the seroprevalence of the anti-T. gondii IgM antibody among
children with thalassemia was 8.45%, which is lower than the
seroprevalence of the anti-T. gondii IgG antibody (26.76%).

On the other hand, the seroprevalence of the anti-T. gondii IgG
antibody among children without thalassemia was 10.53%; in
contrast, no seropositivity for anti-T. gondii IgM was detected in
sera from children without thalassemia. This study did not record
the presence of both antibodies in any of the children’s sera.

Effect of T. gondii on the Levels of Some Cytokines,
IL-10, IL-12, IL-17, and IFN-y, Among Children with
Thalassemia

The mean serum IL-10 levels of the study groups are shown in
Table 3: IL-10 levels were 18.342+1.423 pg/mL in the thalassemia
+ parasite group and 20.461+2.063 pg/mL in the thalassemia
only group, values that were close to the healthy control group
(19.876+1.053 pg/mL), but all were lower than the parasite only
group, which showed the highest mean level (31.700+1.700 pg/
mL).

The distribution of the IL-10 levels among participating children
in the four groups is shown in Figure 1. There are statistically
significant differences in mean IL-10 levels among the four groups
(H=8.896, p<0.05). The study also found (Table 3) that the mean
of IL-12 levels in the serum of the children group: “thalassemia
+ parasite”, and the children group: “thalassemia only” were
10.074+1.473 and 13.202+2.172 pg/mL, respectively, which are
close to each other but lower than the level of 22.123+2.359 pg/
mL in “healthy control”. In contrast, the mean of IL-12 level in
the children group: “parasite only” of 45+5.700 pg/mL, is higher
than among the other three groups of children (see Table 3). The
distribution of the IL-12 levels among participating children
across the four groups was shown in Figure 2, which confirms
these results. There are statistically significant differences in
mean IL-10 levels among all groups. Statistically significant
differences in mean IL-12 levels were observed among the groups
(H=24.217, p<0.001).

Table 1. Relationship between Toxoplasma gondii and beta-thalassemia major

Toxoplasma gondii
Infected Non-infected Total
No. % No. %
Infected 25 35.21 46 64.8 71
Thalassemia Non-infected 2* 10.53 17 89.47 19
Total 27 30 63 70 90
¥*=4.349, p<0.05
*: From a group of healthy control children with no history of genetic or other diseases, only two cases of toxoplasmosis were detected

Table 2. Distribution of anti-Toxoplasma gondii IgM and IgG antibodies among participated children in this study

Toxoplasma gondii seropositive
anti-Toxoplasma gondii IgM anti-Toxoplasma gondii I1gG Total
Yes | No | Total ‘I;fed:ed Yes | No Total | Infected% |Yes |No | Total ‘I;fed:ed
(1) (1)
Yes 6 65 71 8.45 19 52 71 26.76 25 56 71 35.21
Thalassemia | No 0 19 19 0.00 2 17 19 10.53 2 17 19 10.53
Total 6 84 90 6.67 21 69 90 23.33 27 63 90 30

IgM: Immunoglobulin M, IgG: Immunoglobulin G
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The results also showed (Table 3) that the mean of IL-17 levels
in the serum of the children group: “thalassemia + parasite”,
and the group: “thalassemia only” were 112.944+6.886 and
127.021+8.624 pg/mL, respectively, which are lower than the
mean level of 194.647+13.162 pg/mL in the “healthy control”.
In contrast, the mean level of IL-17 of 305+12 pg/ml in the
children group: “parasite only” is higher than those in all three
other groups of children. The distribution of IL-17 levels among
the participating children across the four groups is shown in
Figure 3 and supports these results. There are statistically
significant differences in mean IL-17 levels among all groups
of children in this study (H=27.38, p<0.001). The results of the
study also showed (Table 3) that the mean of IFN-y level in the
serum of the children group: “thalassemia + parasite”, “healthy
control” and “parasite only”, are 90.271+17.988, 103.200+2.200
and 101.17+9.712 pg/mL, respectively, are lower than that of
129.578+33.233 pg/mL of the children group: “thalassemia only”.
The distribution of the IFN-y levels among participating children
in the four groups is shown in Figure 4. There are no statistically
significant differences between the mean IFN-y levels for the
different groups of children (H=10.936, p>0.12).

CD4* and CD8"* T-cell Levels Across Study Groups

The current study (Table 4) shows the means of the levels of
the cluster differentiation markers of CD4* and CD8* in serum
of both children thalassemia groups: thalassaemia + parasite
and thalassaemia only, are 0.825+0.055 and 0.790+0.067ng, for
CD4" respectively, and 4.136+0.369 and 3.800+0.308ng for CD8*
respectively are lower than their means among control children
groups who were not infected with thalassemia, whether infected
with toxoplasma (parasite only) or not (healthy control), which
were 1.064+0.048, 1.064+0.048 ng for CD4* and 4.450+0.650
and 4.517+0.247 ng for CD8" respectively. The distribution of
the CD4* and CD8" levels among participating children in the
four groups was shown in Figures 5 and 6, respectively, There
are statistically significant differences between the means of
the CD4* and the means of the CD8" levels of the four children
groups, respectively [H=20.634 and H=13.281, (p<0.05 and
0.05)] respectively.

Table 3. The mean of cytokine levels (mean + SE) pg/mL among different groups of participating children

- +
Group No. IL-10 mean = SE IL-12 mean + SE IL-17 mean * SE IFN-y mean + SE
Thalassaemia + parasite 25 18.342+1.423 10.074+1.473 112.944+6.886 90.271+17.988
Thalassaemia only 46 20.461+2.063 13.202+2.172 127.021+8.624 129.578+33.233
Parasite only 2 31.700+1.700 45.000+5.700 305.000+12.000 103.200+2.200
Healthy control 17 19.876+1.053 22.123+2.359 194.647+13.162 101.170+9.712
Total 90 20.012+1.155 14.725+1.416 139.840+6.714 112.716+17.989
H statistics value 8.896 24.217 27.380 10.936
p <0.05 <0.001 <0.001 >0.12
H: Kruskal-Wallis test value, SE: Standard error, IL: Interleukin, IFN-y: Interferon-gamma
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Table 4. CD4" and CD8* T-cell levels (ng/mL, mean + SE) across study groups

Groups No. CD4' mean + SE ng/mL) CD8* mean * SE (ng/mL)
Thalassaemia + parasite 25 0.825+0.055 4.136+0.369

Thalassaemia only 46 0.790+0.067 3.800+0.308

Parasite only 2 1.170+0.270 4.450+0.650

Healthy control 17 1.064+0.048 4.517+0.247

Total 90 0.860+0.040 4.043+0.194

H statistic 20.634 13.281

p <0.05 <0.05

Normal range 0.08-4 ng/mL 3-20 ng/mL

H: Kruskal-Wallis test value, SE: Standard error

DISCUSSION

T. gondii Infection in Beta-thalassaemia Major
Patients

The significant elevation of seroprevalence in thalassemia patients
(35.2%) relative to controls (10.5%) is consistent with numerous
studies confirming heightened toxoplasmosis susceptibility in
this cohort owing to immune deficiency and repeated transfusions

(13-15). An immunohistochemical study from Maysan Province
documented the highest IgG seroprevalence (66.7%) in placental
tissue of women who had experienced at least one abortion (3).
An Egyptian study reported IgG seropositivity at 53.6% in beta-
thalassemia major children and 18% in healthy controls (13).
The elevation rate in thalassemia patients likely reflects the
partial immune dysregulation induced by chronic transfusion
dependency, which raises the probability of acquiring or
reactivating T. gondii infection (12,8).
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Distribution of IgM and IgG Antibodies

The predominance of chronic (IgG-positive) over acute (IgM-
positive) infection is consistent with an Iranian study reporting
30.67% IgG seropositivity using ELISA (14). with a Mosul-based
study recording IgG positivity at 28% (15). and The current
findings showed higher seroprevalence of anti-T. gondii IgG
and IgM antibodies than those reported in an Egyptian study,
where 10% (10/100) and 2% (2/100) of thalassemia patients
were positive for IgG and IgM antibodies, respectively (16).
The absence of cases with both antibodies simultaneously is
noteworthy, suggesting that patients are either in the acute or the
chronic phase of infection, with no concurrent transition stage
observed. The higher proportion of chronic infection among
thalassemia patients reflects the persistent immunosuppression
characteristic of this disease, which permits the parasite to
establish and maintain latent infection in tissue cysts (17). This
pattern aligns with a Turkish study reporting 19.4% IgG and 5.5%
IgM seropositivity in beta-thalassemia major patients (18). The
current findings showed higher anti-T. gondii IgG seroprevalence
than that reported by an Iranian study, in which IgG positivity
was 13.6% (15/110) among thalassemia patients and 26.3%
(29/110) among healthy controls (19).

Effect of T. gondii Infection on IL-10

T-cell-derived  IL-10 limiting
inflammation and supporting host survival. Therefore, chronic
T. gondii infection, together with the immunosuppressive state
associated with beta-thalassemia major, may impair T-cell
function and consequently reduce IL-10 production (20-22). The
reduction in IL-10 may also be related to immune dysregulation
caused by repeated blood transfusions, iron overload, and
splenectomy in patients with beta-thalassaemia major. Recurrent
transfusions can alter cytokine profiles and impair dendritic cell
function, thereby weakening cytokine regulation. In addition,
splenectomised thalassaemic patients have been reported to
produce significantly lower IL-10 concentrations than healthy
controls, with values of 7.5+4.1 pg/mL compared with 9.2+3.4
pg/mL, supporting the role of splenectomy in reducing anti-
inflammatory cytokine output (23,24). These findings are
further supported by an Iragi serological-genetic study conducted
among children attending a thalassemia centre in Baghdad, which
reported that children carrying seven to eight high-risk genetic
variant alleles had a markedly increased disease risk, estimated
at 12.35-fold (95% confidence interval: 7.18-21.25; p<0.001).
This finding suggests that genetic susceptibility may contribute
to impaired IL-10 regulation in children with beta-thalassemia
major and may partly explain the lower IL-10 levels observed in
the present study (25).

These discrepancies may reflect differences in disease stage,
inflammatory burden, transfusion history, splenectomy status,
and the degree of immune exhaustion among the studied
cohorts (26,27). The discrepancy between the present study and
reports of elevated IL-10 in active toxoplasmosis may also be
attributed to differences in the phase of infection. Acute T. gondii
infection is usually associated with active immune regulation and
increased cytokine production, whereas chronic infection may
lead to progressive immune exhaustion and reduced regulatory
cytokine output. This interpretation is supported by the finding
that women with active toxoplasmosis showed higher IL-10
concentrations than controls, with values of 10.9+1.7 pg/mL and

contributes to excessive

5.11+0.23 pg/mL, respectively. Thus, the lower IL-10 level in the
present thalassemic groups may reflect the combined effects of
chronic infection, immune suppression, and thalassemia-related
immune dysfunction rather than toxoplasmosis (28).

Effect of T. gondii Infection on IL-12

The reduced IL-12 observed in the present thalassemic groups
may not reflect the usual immune response to T. gondii alone,
but rather the combined effect of parasitic infection and
beta-thalassemia-related immunosuppression. The contrast
between the present findings and the elevated IL-12 reported
in recent toxoplasmosis studies suggests that iron overload,
chronic transfusion-related immune disturbance, and impaired
macrophage function may override the expected IL-12-mediated
Th1 activation in beta-thalassemia major patients (8,29,30).

This interpretation is supported by recent studies in non-
thalassemic or immunologically distinct populations, in which
T. gondii infection was associated with increased, rather than
decreased IL-12. In an Iraqi study conducted in Thi-Qar province,
IL-12 levels were higher in cardiac patients infected with
toxoplasmosis than in controls, reaching 82.85 pg/mL in patients
compared with 60.97 pg/mL in controls, indicating immune
activation during infection. Similarly, a serological-immunological
study from Al-Najaf reported increased IL-12 among breast
cancer patients infected with T. gondii, with levels of 21+2.4 pg/
mL compared with 8+1.04 pg/mL in controls (30).

Effect of T. gondii Infection on IL-17A

IL-17A, primarily produced by Th17 cells, contributes to host
defence against infectious agents by promoting neutrophil
recruitment and proinflammatory responses. The significant
decrease in IL-17A in both thalassemia groups may reflect
impaired Thl7-mediated immunity during chronic T. gondii
infection and beta-thalassemia-associated immune suppression
(31). This finding agrees with the chronic-phase pattern reported
by (32), where IL-17A was much lower in chronic toxoplasmosis
(12.96+6.039 pg/mL) than in acute infection (202.0+24.80 pg/
mL). This supports the interpretation that the reduced IL-17A
in the current study may be related to the predominance of
chronic infection and immune exhaustion (32) and not agree
with (33). Who reported higher IL-17A levels in women with
recurrent abortion associated with toxoplasmosis (6.584+0.854
pg/mL) compared with healthy controls (4.284+0.728 pg/mL).
This variation may be related to differences in study population,
clinical condition, and immune status (33).

Effect of T. gondii Infection on IFN-y

IFN-y is a key cytokine in cellular immunity against T. gondii.
The non-significant increase observed in the present study may
reflect a modest immune response to the infection in children
with beta-thalassemia major (34).

The present findings agree with a recent Iragi study reporting
higher IEN-y levels in thalassaemic groups, with the highest
concentration recorded in beta-thalassemia patients only
(23.900+0.218 pg/mL), followed by beta-thalassaemia patients
infected with T. gondii (23.404+0.235 pg/mL). Lower levels were
recorded in T. gondii-positive controls (14.394+0.264 pg/mL) and
healthy controls (10.958+0.178 pg/mL), supporting the role of
IFN-y activation in thalassaemia-associated immune responses
(35).In a complementary context related to T. gondii infection, the
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present findings agree with an Iraqi study that reported elevated
serum IFN-y levels in women with toxoplasmosis-associated
miscarriage, reaching 47.080+4.213 pg/mL compared with
25.298+4.751 pg/mL in healthy controls. This increase supports
the role of IFN-y in activating cell-mediated immunity against T.
gondii infection (36). The results also agree with a recent Brazilian
study showing no significant difference in serum IFN-y among
pregnant women with acute toxoplasmosis (29.00+15.25 pg/mL),
chronic toxoplasmosis (33.61+28.79 pg/mL), and uninfected
controls (29.79+19.16 pg/mL). This suggests that IFN-y may
remain elevated or relatively sustained across infection phases,
unlike cytokines that decline clearly during chronic infection (32).

Effect of T. gondii Infection on CD4* and CD8"* T-cells

Chronic T. gondii infection may further aggravate immune
suppression through exhaustion of CD4* and CD8* T-cells. This
immune exhaustion can reduce the ability of T-cells to maintain
effective anti-parasitic responses and may contribute to parasite
persistence or reactivation, particularly in immunocompromised
thalassemia patients exposed to chronic immune stimulation
from repeated transfusions (21).

The present findings are consistent with a recent Iraqi study that
reported altered T-cell counts in patients with beta-thalassemia
major infected with T. gondii. CD4" T-cells were lower in infected
thalassemia patients, with a mean of 530.63+84.15, compared
with 804.62+1.71 in controls. However, the reported CD8*
T-cell values appear higher in infected thalassemia patients,
870.67+1.25, compared with 597.78+3.96 in controls (37).
Clinical significance: The increased seroprevalence of T. gondii
and associated immune alterations observed in children with
beta-thalassemia major support routine serological screening and
immunological monitoring as part of their clinical management
to reduce infection-related complications. Approval of a pre-
transfusion blood test for toxoplasmosis as a routine screening
test for thalassemia patients

Scientific contribution: This study provides novel evidence
from Maysan Province that children with beta-thalassemia
major exhibit a higher seroprevalence of T. gondii, accompanied
by significant immune alterations, thereby advancing current
understanding of the immunological impact of toxoplasmosis in
this vulnerable population and supporting routine serological and
immunological monitoring.

Study Limitations

We encountered considerable difficulty convincing parents of
healthy children to participate in this study, and at times even
persuading the patients themselves.

CONCLUSION

The findings of the present study suggest that beta-thalassemia
major may increase children’s susceptibility to Toxoplasma gondii
infection through transfusion-related immune dysregulation
and impaired cellular immunity. The observed changes in
cytokine profiles and T-cell responses also indicate weakened
immune control of the parasite and possible immune exhaustion,
highlighting the need to strengthen blood screening and
preventive measures to reduce the risk of infection in this
immunocompromised group.
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ABSTRACT

Objective: Despite the existence of studies evaluating the effect of personal hygiene habits on Demodex mites, which are
permanent ectoparasites of humans, there is a paucity of research examining the effect of mask use on the prevalence of Demodex
mites during the period of the SARS-CoV-2 pandemic. The present study set out to investigate the impact of mask use during the
pandemic and personal hygiene habits on the prevalence of Demodex spp.

Methods: Standardized skin surface biopsy were obtained from Marmara University Faculty of Medicine students’ foreheads and
cheeks during the pandemic. Two areas were sampled: foreheads and cheeks. A quantity of immersion oil (ranging from one to two
drops) was deposited on the sampled slide area. The slide was covered with a coverslip, then a microscope was invetigated (x4, x10 and
x40). Infestation was indicated by the presence of five or more Demodex per cm®. Volunteers were asked to complete a questionnaire
about their personal hygiene habits. SPSS v.16.0 (IBM Corp., Armonk, NY, USA) software was used to analyse the results.

Results: A total of 104 volunteers, comprising 43 women and 61 men, participated in the study. Demodex spp. was detected in
49.0% (n=51) of the participants, 51.2% (n=22) of women and 47.5% (n=29) of men. Demodex spp. were identified in 46.2% (n=48)
of the samples obtained from the cheek and 13.5% (n=14) of the samples obtained from the forehead. It was determined that all
participants with mites were using masks. The detection frequency exhibited an upward trend in proportion to the duration of
mask change. Demodex spp. was identified in 52.8% of subjects with a documented history of acne, and a significant correlation
was observed between the frequency of facial cleansing and the presence of Demodex spp. (p=0.036).

Conclusion: The research indicates that the increase in Demodex spp. in the cheeks of individuals using medical masks during the
pandemic is attributable.

Keywords: Ectoparasite, SARS-CoV-2, mask

0z

Amag: Insanda daimi bir ektoparazit olan Demodex spp. akarlar ile ilgili kisisel hijyen aliskanlklarinin etkisini degerlendiren
caligmalar literattirde yer almakla birlikte, COVID-19 pandemisi déneminde maske kullaniminin Demodex spp. yayginlig: tizerindeki
etkisini inceleyen aragtirmalar sinirlidir. Bu ¢calismada COVID-19 maske kullanimu ve kisisel hijyen aligkanliklarinin Demodex spp.
saptanma sikligini aragtirmak amaglanmigtir.
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Yéntemler: Marmara Universitesi T1p Fakiiltesi 6grencilerinden alin ve maske altinda kalan yanak bélgesinden standart yiizeyel deri biyopsi 6rnekleri
alinmistir. Ornekler, lam yiizeyine siyanoakrilat damlatilarak etkenin aragtirilacagi yiiz bolgesine yapistirihip bir dakika beklenerek alinmistir. Goniillilerden
alin ve yanak olmak tizere iki bélgeden érnek alinmigtir. Lamin 6rnek alinan kismina 1-2 damla immersiyon yag1 damlatilip lamel ile kapatilarak 11k
mikroskobunda x4, x10 ve x40’lik objektiflerde parazit varhgi aragtirlmigtir. Cm?de 5 ve daha fazla Demodex spp. gériilmesi enfestasyon olarak degerlendirildi.
Ornek alimi sirasinda gonillilerden tibbi maske kullanimi, yiiz yikama sikhigi, makyaj kullanimi gibi kisisel hijyen aligkanliklarinin soruldugu bir anket
doldurmalar istenmig, bu anket sorulari ile rneklerin sonuclar1 SPSS 16.0 (IBM Corp., Armonk, NY, USA) ile analiz edilmistir.

Bulgular: Calismaya 43 kadin, 61 erkek toplam 104 goniilli katilmigtir. Katihimailarin %49,0 (n=51)"inde Demodex spp. saptanmus olup, kadinlarin %51,2’si
(n=22), erkeklerin %47,5’tir (n=29). Yanaktan alinan érneklerin %46,2 (n=48), alindan alinan 6rneklerin %13,5’tinde (n=14) Demodex spp. bulunmugtur.
Akar saptanan tiim katihmalarin maske kullandigi belirlenmigtir. Maske degistirme siiresi uzadik¢a enfestasyon orani artig gostermistir. Akne 6ykiisii olan
katiimalarin %52,8'inde Demodex spp. saptanmis olup, yiiz yikama siklig: ile Demodex spp. varlig1 arasinda anlamli bir baglant: bulunmugtur (p=0,036).
Sonug: Arastirmamiz sonucunda yanak bélgesinde Demodex spp. saptanma sikliginin daha yiiksek olmasi COVID-19 pandemisi nedeniyle bireylerin uzun

stire tibbi maske kullanimina bagh olabilecegi sonucuna varilmigtir.
Anahtar Kelimeler: Ektoparazit, SARS-CoV-2, maske

INTRODUCTION

Demodex, a permanent ectoparasite in humans, was first detected
by Henle in 1841 and described by German dermatologist
Gustav Simon in 1842, who demonstrated its ability to exist
in pilosebaceous follicles (1). Two distinct types of Demodex
folliculorum and Demodex brevis have been identified in human
populations. Demodex species are generally found in the face,
scalp, hair follicles on the upper chest and sebaceous glands
of healthy individuals without any clinical symptoms (2-4).
Demodex spp. mites have been commonly found to occur in all age
groups with the exception of newborns. In the neonatal period,
infestation with the mite occurs through direct contact. However,
the mite is less prevalent in newborns and children, likely
attributable to reduced sebum production in these age groups.
Furthermore, an increase in mite density has been observed with
age (5,6). Demodex prevalence has been observed to increase in
advanced age and in patients with immunocompromised. It has
been established that Demodex spp. density >5/cm? is associated
with pathogenicity (3,5,6).

The symptoms appear as the number of mites in the follicles or
glands reaches a certain threshold. Mites also penetrate the tissue
in immunosuppression and bacterial superinfection cases (7,8).
Lesions on the face cause itching, redness and enlarged blood
vessels. During the inflammatory phase, these become papules,
blisters and pustules. The presence of mites is crucial for diagnosis
(7-9).

Skin lesions, especially those present on the face, are characterised
by pruritus, erythema, telangiectasia, papules, blisters, and
pimples in the area where the mites are found during the
inflammatory period. These lesions are important in clinical
and diagnostic studies (10,11). Although infestation is most
commonly observed in the facial region (forehead, cheeks, nose,
chin, nasolabial region) in humans, cases have also been reported
in various other parts of the body, including the neck, scalp, ear,
trunk, and genital region (3,12-14).

The number of studies planned to reveal the reasons for this
difference in Demodex spp. prevalence and evaluate risk factors
such as sociodemographic data, living conditions, hygiene habits,
and skin characteristics of the selected population is limited.
During the COVID-19 pandemic, medical masks were widely used
for a long time, and it has been reported that this may lead to
changes in skin flora (15-18).

The objective of this study was to ascertain the frequency of
Demodex infestation in standard superficial skin biopsy (SSSB)
samples obtained from Marmara University Faculty of Medicine

students. Moreover, the objective was to ascertain the impact
of factors such as the use of medical masks and the diverse
personal hygiene practices of the students during the course of
the pandemic of the novel strain of SARS-CoV-2 on Demodex
infestation.

METHODS

This study is a clinical research aiming to determine the prevalence
of Demodex spp. infestation in Marmara University Faculty of
Medicine students and the personal hygiene habits of these
individuals. The study was conducted between September 2021
and June 2022 on volunteers randomly selected among Marmara
University Faculty of Medicine students.

Participants were asked to complete an questionnaire that
included personal hygiene details such as mask use and face-
washing habits. Subsequently, SSSB were obtained from cheek
regions covered by the mask and the forehead. The samples were
collected by applying a drop of cyanoacrylate to the surface of
a slide and then pressing the slide once onto the corresponding
facial area. Two distinct samples were collected from each
participant: one from the forehead and one from the cheek.

A quantity of immersion oil measuring 1-2 drops was deposited
on the surface of the sampled slide, which was then covered with
a coverslip. The presence of Demodex spp. was investigated under
x4, x10 and x40 magnification lenses on a light microscope. The
presence of more than five mites per square centimetre was
considered to indicate an infestation.

This study was conducted in accordance with the principles of
good clinical practice as set out in the Declaration of Helsinki.
The study was approved by the Marmara University Faculty of
Medicine Clinical Research Ethics Committee (ethics committee
no: 09.2022.315, date: 11.02.2022). Written informed consent
was obtained from all participants.

Statistical Analysis

The results obtained from the questionnaire data and the samples
obtained from the participants were analysed with the SPSS
16.0 (IBM Corp., Armonk, NY, USA) package programme. The
investigation focused on the correlation between the independent
variables present within the personal information form and the
subsequent findings derived from the samples. The dependent
variables, i.e. the sampling site (cheek and forehead) were then
compared using the McNemar’s test. P<0.05 was accepted as
statistically significant.
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RESULTS

The present study comprised a total of 104 participants, including
43 females and 61 males. Demodex infestation was detected in 51
(49.0%) of the 104 participants. The prevalence of infestation in
samples collected from male students was 47.5% (n=29), while
in female students it was 51.2% (n=22). The distribution of the
participants’ survey data and infestation rates is presented in
Table 1. The presence of Demodex spp. was determined in 29.8%
(n=62) of all samples (n=208), 13.5% (n=14) of forehead samples
(n=104) and 46.2% (n=48) of cheek samples (n=104) (p<0.0001).
The presence of infestation was determined in 29.8% (n=62) of
all samples (n=208). The light microscopy image of the mites is
given in Figure 1.

In the course of the research project, 104 volunteers participated.
Of these, 19 (18.3%) volunteers confirmed their use of make-up
products. Of these, 18 were female and one was male. Of the 85
respondents who provided a negative response to that question,
25 were female and 60 were male. The infestation rate was 47.4%
(n=9) in the samples taken from 19 participants who used make-
up products, and 49.4% (n=42) in the samples taken from 85
participants who did not use make-up products. No statistically
significant results were found (Table 1). An evaluation was
conducted to ascertain the correlation between mask usage
and the frequency of mask change, as well as the frequency of
Demodex infestation. The findings revealed that the majority of
participants (n=96) used masks for a duration exceeding four
hours, with only eight individuals opting for change intervals of
one to four hours. The percentage of infestation in the forehead
area was 14.6% (n=14) and in the cheek area was 47.9% (n=46)
in the participants whose mask use time was more than 4 hours
(n=96). No statistically significant difference was found (p=0.212).

DISCUSSION

The Demodex spp. are characterised by a prevalence of colonisation,
particularly in the facial region, a phenomenon attributable to
a number of factors. It has been established that D. folliculorum
and, albeit less frequently, D. brevis are endemic to humans (1,6).
The use of masks has been demonstrated to increase sebum
production and to provide a warm and humid environment, thus
increasing the frequency and density of Demodex mites (15-18).

In order to explain the differences in the prevalence of Demodex
spp., various studies have been conducted to evaluate risk factors
such as sociodemographic characteristics, living conditions,

Figure 1. Demodex spp. under light microscope x40
magnification

Table 1. Frequency of Demodex spp. existance according to
different variables

Positive
p-value

n ‘ %
Sex 0.132
Female 22 51.2
Male 29 47.5
Variable n Positivity (%)
Total number of samples 208 29.8 (n=62) -
Samples from forehead 104 13.5 (n=14) <0.001*
Samples from cheek 104 46.2 (n=48) -
Age group 0.991

<21 age 49 48.9 (24)

221 age 55 49 (27)
Face-washing frequency 0,531
Once a day 17 47.1 (n=8)

More than once a day 87 49.4 (n=43)
Face-washing product usage 0.578
Yes 66 46.9 (n=31)
No 38 52.6 (n=20)

Preferred water temperature for face-washing 0.457
Warm 64 45.3 (n=29)

Room temperature 36 55.6 (n=20)

Skin care product usage 0.067
Yes 38 47.4 (n=18)

No 66 50.0 (n=33)

Makeup usage 0.678
Yes 19 47.4 (n=9)

No 85 49.4 (n=42)

Skin type 0.507
Dry 12 33.3 (n=4)
Combination 71 50.7 (n=36)
oily 21 |52.4(n=11)
Epilation-laser history 0.580
Yes 12 58.3 (n=7)

No 92 47.8 (n=44)

Shaving frequency 0.812
Yes 64 48.4 (n=31)

Never 40 50.0 (n=20)

Bath frequency 0.109
1-3 times a week 65 55.4 (n=36)

Daily 39 38.5 (n=15)

Shared towel usage 0.773
Yes 13 53.8 (n=7)

No 91 48.4 (n=44)
Self-reporterd skin conditions 0.377
Yes 63 52.4 (n=33)

No 41
Acne treatment 0.672
Yes 31 45.2 (n=14)

No 75 50.7 (n=38)
Antibiotic usage 0.628
Yes 8 62.5 (n=5)

No 96 47.9 (n=46)

": Significant difference
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hygiene habits, and skin characteristics of the selected population.
Karaman et al. (19) investigated the relationship between gender,
age, skin type, frequency of skin care, and the prevalence of
Demodex spp. in a study involving a total of 300 university
students aged 18 to 30. The study reported a prevalence of
Demodex spp. of 37%, and no significant association was found
between Demodex spp. prevalence and gender, age, skin type, or
frequency of skin care (19).

The number of studies examining the relationship between the
frequency of Demodex spp. and mask use is quite limited. In
one study, the effect of mask type, demographic characteristics,
background and face-washing habits of patients on Demodex
prevalence was examined. It was reported that the use of masks
in individuals without underlying skin disease did not create
a suitable microenvironment for Demodex spp. (20). However,
studies have been conducted that suggest a link between mask
use and the development of various facial diseases, as well as an
increased prevalence of Demodex mites (15-18). As stated in the
case report, the long-term utilisation of masks has the potential
to modify the microenvironment of the skin, thereby increasing
the prevalence of Demodex-related atopic dermatitis, seborrheic
dermatitis, acne vulgaris and rosacea (15).

In studies examining the distribution of mites in the body, it
has been reported that infestation in humans is most commonly
seen in areas such as the face, forehead, cheeks, nose, chin and
nasolabial region, but they can also exist in various other parts
of the body such as the neck, scalp, ears, chest, back, breast,
buttocks and genitals (3,12-14). The fact that sebum secretion is
more intense in the forehead and nose regions causes the follicles
in these regions to enlarge more compared to other regions;
this has been reported to cause Demodex spp. to settle in these
regions frequently (21). Studies examining the distribution of
the presence of Demodex spp. in different regions of the face
have yielded different results. In a study by Tilki et al. (22), it was
reported that the prevalence of Demodex spp. in samples taken
from the cheek region was statistically significantly higher than
in the nasolabial and chin regions. In our study, similar to the
study of Tilki et al. (22) the infestation rate in the cheek region
was found significantly higher.

The global prevalence of mask-wearing has increased significantly
since the onset of the pandemic, with individuals facing extended
periods of mask-use. It has been hypothesised that this situation
may result in alterations to the skin’s microbial flora (15-18).
Different results were obtained in studies investigating the
prevalence of Demodex spp. Yazar et al. (23) reported that
Demodex spp. were detected in 2.9% of 171 university students
with the cellophane-tape method and Kaya et al. (24) reported
that Demodex spp. were detected in 2.7% of 347 male students
with the same method. On the other hand, Kaplan et al. (25)
reported that parasites were detected in 10.07% of 258 university
students, Zeytun et al. (26) in 50.1% of university students
(n=538), Ozdemir et al. (27) in 47.4% of 270 university students
with the SBBB method. In the study conducted by Cetinkaya et al.
(28) before the COVID pandemic, the prevalence of the parasite
was found to be 35.9% (33/92). They reported that parasites were
detected in a single region in 48.5% of individuals with parasites,
in two different regions in 42.4%, in three different regions in
6.1%, and in four different regions in 3% (28). It was reported
that the presence of parasites was statistically significantly lower
in those who used facial cleansing products (p<0.05) (28). In our

study, the rate of parasites detected in the cheek region was found
to be higher than the samples taken from the forehead region.
In our study, we found infestation in a single site (forehead=3,
cheek=37) in 40 individuals and in two sites in 11 volunteers. In
our study, we found Demodex infestation in 51 (49.0 %) of 104
participants in total. Demodex infestation has been reported in
the literature at rates ranging from 10% to 75% (22). Erdal and
Albayrak (4) reported Demodex infestation in 21 (14.5%) of 144
patients. However, no significant correlation was found between
the frequency of mask change and Demodex frequency in our
study.

The data obtained from the forehead and cheek regions in
the present study indicate a higher existance of Demodex spp.
(47.9%) in the forehead and cheek regions of 96 volunteers
who frequently changed their masks (4+ hours) compared to 8
volunteers who changed their masks (1-4 hours) frequently. In
summary, the frequent change of the mask may have resulted in
a reduced quantity of Demodex in the positive samples obtained
from the cheek area. Consequently, the regular replacement of
masks during the course of the pandemic may have contributed
to a reduction in the prevalence of Demodex spp. in humans.
There are studies investigating the relationship between
demographic characteristics and parasite prevalence in individuals
with Demodex spp. infestation. In a study conducted in medical
students in China, Demodex spp. was found in 21.16% of females
and 16.05% of males (29). Tilki et al. (22) found the presence
of Demodex spp. in 65.5% of men and 60.3% of women in their
study investigating the relationship between skin type and
characteristics and demographic characteristics of individuals.
In our study, Demodex spp. infestation was found to be 47.5%
in males and 51.2% in females. In previous studies examining
the relationship between age and Demodex spp. presence, it was
reported that the presence of parasite increased with increasing
age (2,30). However, no significant relationship was found
between age and Demodex spp. infestation in our study. It is
thought that this may be due to the limited age distribution of
the volunteers included in the study.

In the literature, there are different findings and interpretations
about the relationship between the frequency of face-washing and
the presence of Demodex spp. According to the study conducted
by Kahraman et al. (31) it was thought that frequent face-
washing may lead to dryness in the skin and may decrease the
rate of Demodex spp. in clean skin. Song et al. (32) found that the
prevalence of Demodex mites was significantly higher in students
who used warm water instead of room temperature water to wash
their faces. Yasak Guner et al. (33) reported that there was no
significant relationship between the frequency of face-washing
and the presence of Demodex spp. in their study (p=0.12). In our
study, no statistically significant difference was found between
the frequency of face-washing and water temperature and the
frequency of Demodex spp. infestation.

The use of make-up products is thought to contribute to the
destruction of Demodex mites by mechanically occluding the
follicle, preventing the migration and respiration of the parasite,
and also by toxic effect since they contain antiseptics such as
alcohol (33). In our study, no significant difference was observed
between the prevalence of Demodex spp. in participants who
did not wear skin make-up compared to participants who wore
make-up.
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In a study conducted by Sevgen and Mor (34) it was reported that
a higher rate of Demodex spp. was detected in individuals who
did not have epilation or laser application. However, according
to our findings, a higher rate of parasite presence was detected
in the samples taken from volunteers who had epilation-laser
application compared to those who did not, but this difference
was not found to be statistically significant. In this respect, our
study is inconsistent with the results of Sevgen and Mor (34). The
main limitation of our study are as follows: failure to differentiate
Demodex mites at species level.

CONCLUSION

In our study, it was evaluated that the higher frequency of Demodex
spp. infestation in the cheek area may be related to the use of
masks, which became widespread during the pandemic period.
We think that more long-term studies with a wider participation
should be carried out in order to reveal the effect of mask use on
the prevalence of Demodex spp. infestation more clearly.
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ABSTRACT

Objective: Scabies is a common and highly contagious parasitic skin disease that continues to pose a significant public health
burden worldwide and in Tiirkiye. This study aimed to evaluate the approaches, experiences, and challenges of dermatologists in
Turkiye regarding the diagnosis and treatment of scabies.

Methods: A cross-sectional survey was conducted among 107 dermatologists. Data were collected anonymously via an online
questionnaire.

Results: Sulfur-based magistral formulations were the preferred treatments among adults, pregnant women, and children over
two years of age, whereas permethrin remained the first-line choice for children under two years of age. Although permethrin
has traditionally been considered the gold standard, 47.7% of dermatologists reported inadequate treatment responses, while
41.1% found it effective. Conversely, 74.8% of respondents reported successful outcomes with sulfur therapy. Nearly 60% of
dermatologists reported using oral ivermectin as a second-line therapy, while 20% prescribed it as a first-line therapy in appropriate
cases. Approximately 70% of participants reported frustration in managing scabies cases. Most emphasised the need to reduce
hospital burden, extend consultation times, and involve family physicians in screening and follow-up.

Conclusion: Scabies remains a growing healthcare problem in Tiirkiye. Strengthening primary care involvement, improving
patient education, and reconsidering treatment strategies are essential for effective disease control.

Keywords: Sarcoptes scabiei, dermatologists, treatment outcome, drug resistance, ivermectin

0z

Amag: Skabies, dinya genelinde ve Tiirkiye'de énemli bir halk saglig: yitki olusturmaya devam eden yaygin ve oldukea bulagici bir
paraziter deri hastahigidir. Bu calisma, Turkiye'deki dermatologlarin skabies tani ve tedavisine iligkin yaklagimlarini, deneyimlerini
ve kargilagtiklar1 zorluklar: degerlendirmeyi amag¢lamaktadr.

Yontemler: Yiz yedi dermatolog arasinda kesitsel bir anket calismas: gerceklegtirilmistir. Veriler anonim olarak cevrim ici bir
anket aracihigiyla toplanmigtur.

Bulgular: Eriskinler, hamileler ve iki yas tizerindeki ¢ocuklarda en sik tercih edilen tedavi silfiir bazh majistral preparatlar
olmustur. ki yas altindaki cocuklarda ise ilk basamak tedavi olarak permethrin tercih edilmistir. Permethrin geleneksel olarak altin
standart kabul edilmesine ragmen, dermatologlarin %47,7’si yetersiz tedavi yanit1 bildirmis, yalnizca %41,1’i etkili bulmusgtur.
Buna kargilik, katihmalarin %74,8’1 stlfir tedavisinde bagarili sonuglar elde ettiklerini ifade etmistir. Dermatologlarin yaklasik
%60’1 oral ivermektini ikinci basamak tedavi olarak, %20’si ise uygun olgularda ilk basamak olarak recete ettiklerini belirtmigtir.
Katiimalarin yaklasik %701 skabies olgularinin yénetiminde hayal kiriklig: yasadigini bildirmistir. Cogu hekim, hastane yiikiiniin
azaltilmasi, muayene siirelerinin uzatilmasi ve aile hekimlerinin tarama ve takip siirecine dahil edilmesi gerektigini vurgulamigtir.
Sonug: Skabies, Tiirkiye'de biiyiiyen bir saglik sorunu olmaya devam etmektedir. Birinci basamagin stirece daha etkin katiliminin
saglanmasi, hasta egitiminin gelistirilmesi ve tedavi stratejilerinin yeniden goézden gecirilmesi, hastaligin etkin kontrolii i¢in
gereklidir.

Anahtar Kelimeler: Sarcoptes scabiei, dermatolog, tedavi sonuglar, ila¢ direnci, ivermektin
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INTRODUCTION

Scabies is a pruritic and highly contagious cutaneous infestation
caused by Sarcoptes scabiei (1). It is recognised as a significant
global public health concern, affecting approximately 200 million
individuals at any given time and an estimated 400 million people
annually. Although more prevalent in developing countries, an
increasing incidence has been reported in high-income regions in
recent years (2). In 2017, the World Health Organisation officially
classified scabies as a neglected tropical disease (3).

Current clinical guidelines recommend several treatments
for scabies, including topical permethrin, benzyl benzoate,
sulfur, malathion, crotamiton, synergised pyrethrins, and both
topical and oral ivermectin (4-6). Although topical permethrin
remains recommended as the first-line therapy in the European
guidelines, multiple reports from different European countries
have documented growing resistance to permethrin (7-9).
Although the introduction of oral ivermectin therapy in Tirkiye
in recent years has contributed to progress in the management of
scabies, dermatologists continue to employ a variety of treatment
approaches. While 5% topical permethrin remains widely
regarded by most physicians as an effective and safe first-line
therapy, some dermatologists consider it ineffective and therefore
do not prescribe it. In this study, we investigated dermatologists’
general approaches, experiences, and challenges in diagnosing
and treating scabies across different regions of Turkiye.

METHODS

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
research committee and with the 1964 Helsinki Declaration and
its later amendments, or with comparable ethical standards.
Ethical approval for this study was obtained from the Clinical
Research Ethics Committee of Atatiirk University Faculty of
Medicine (file number: B.30.2.ATA.0.01.00/336, decision no:
117, date: 31.03.2022).

A cross-sectional study was conducted using an online survey.
Between June 15 and July 15, 2024, participants were invited
to complete a questionnaire developed by the researchers on
Google Forms. A study announcement poster was prepared and
disseminated through the researchers’ social media accounts.
Before completing the survey, all participants were informed about
the content of the questionnaire. No personal data were collected,
and responses were recorded anonymously. Participation in the
study was entirely voluntary, and participants retained the option
to withdraw their consent at any point until the completion of the
survey.

Participants were included if they met the following inclusion
criteria: (a) completion of all survey questions; and (b)
employment as a dermatologist in either a public or private
hospital in Turkiye. A total of 107 participants who fulfilled these
criteria were enrolled in the study.

Statistical Analysis

Statistical analyses were performed using SPSS version 28.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics included mean,
standard deviation, median, minimum, maximum, frequency,
and percentage values. The distribution of variables was assessed
using the Kolmogorov-Smirnov and Shapiro-Wilk tests. For
quantitative independent variables not normally distributed, the
Mann-Whitney U test was applied. For qualitative independent
variables, the chi-square test was used; when the assumptions of
the chi-square test were not met, Fisher’s exact test was applied.

RESULTS

The participants’ ages ranged from 25 to 80 years (median: 35).
The majority were women, with 85 women (79.4%) and 22 men
(20.6%) (Table 1). The mean age of dermatologists working in
private institutions was significantly higher than that of those
working in public institutions (p<0.05). The gender distribution
did not differ significantly between employees of public and
private institutions (p>0.05).

Table 1. Demographic data and treatment choices for scabies

Min-max Median | Mean * SD, n (%)
Age 25.0-80.0 35.0 38.9+10.1
Sex Male 22 20.6%
Female 85 79.4%
Mediterranean Region 3 2.8%
Eastern Anatolia Region 16 15.0%
Aegean Region 18 16.8%
In which region do you work? Southeastern Anatolia Region 5 4.7%
Central Anatolia Region 23 21.5%
Black Sea Region 10 9.3%
Marmara Region 32 29.9%
Training and Research Hospital 36 33.6%
State Hospital 27 25.2%
Private Hospital 21 19.6%
X:at type of hospital are you currently working University Hospital 17 15.9%
Private Practice 4 3.7%
City Hospital 1 0.9%
Private Medical Center 1 0.9%
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Table 1. Continued

Min-max Median | Mean * SD, n (%)
Average number of scabies patients seen per day 0.0-50.0 5.0 8.0+8.5
First-line treatment preferences in scabies patients n %
Sulfur-based magistral preparations 65 60.7%
Permethrin-containing creams or lotions 50 46.7%
Oral ivermectin 37 34.6%
Sulfur-tar combination (Wilkinson’s ointment) 30 28.0%
Balsam of Peru mixtures 18 16.8%
Treatment preferences in pregnant scabies patients
Sulfur-based magistral preparations 59 55.1%
Permethrin-containing creams or lotions 56 52.3%
Balsam of Peru mixtures 20 18.7%
Sulfur-tar combination (Wilkinson’s ointment) 5 4.7%
Preferred treatment for scabies in infants (0-2 years)
Permethrin-containing creams or lotions 46 43.0%
Sulfur-based magistral preparations 39 36.4%
Balsam of Peru mixtures 35 32.7%
Sulfur-tar combination (Wilkinson’s ointment) 27 25.2%
Xabion lotion 3 2.8%
Preferred treatment for scabies in children (>2 years)
Sulfur-based magistral preparations 67 62.6%
Permethrin-containing creams or lotions 56 52.3%
Balsam of Peru mixtures 20 18.7%
Sulfur-tar combination (Wilkinson’s ointment) 17 15.9%
Oral ivermectin 14 13.1%
Note: Participants were allowed to select multiple options
SD: Standard deviation

In the treatment of scabies, magistral sulfur preparations were the
preferred agents for adults, pregnant women, and children over 2
years of age (60.7%, 55.1%, and 62.6%, respectively). For children
aged 0-2 years, permethrin was the most preferred treatment
(43%) (Table 1). Overall, magistral sulfur preparations were also
the preferred first-line treatment for scabies patients (Figure 1).
Eighty-nine point seven percent of participants attributed the
lack of treatment response to patients’ improper application of
therapy and to asymptomatic family members’ non-compliance
with treatment recommendations. Additionally, 52.3% of
participants attributed incomplete treatment to the irritant
effects of topical agents, which led to treatment discontinuation.
Furthermore, 47.7% of dermatologists reported that permethrin
was ineffective in achieving an adequate therapeutic response.
Approximately 47% of respondents associated treatment failure
with misdiagnosis in primary care and insufficient patient
education due to limited consultation time (Table 2).

Sixty per cent of participants reported switching to oral ivermectin
for patients who were unresponsive to other therapies. Seventy
per cent indicated that they examined scabies for diagnosis and
management within 2-7 minutes (Table 3).

Around 70% reported difficulties convincing asymptomatic
family members to undergo treatment, expressed uncertainty
about whether non-attending family members had completed

therapy since they could not prescribe for them, and emphasised
that explaining the correct use of topical therapies was highly
time-consuming. Approximately 70% of participants reported
feeling frustrated with the management of scabies. In addition,
90% stated that scabies treatment burden in hospitals should be
reduced and that family physicians should be better informed and
involved in patient screening and family follow-up (Table 4).

The average number of daily scabies patients seen was significantly
lower among dermatologists working in private institutions than
among those in publicinstitutions (p<0.05) (Table 5, Figure 2). The
use of systemic ivermectin as a first-line treatment in appropriate
patients, particularly those unresponsive to other therapies,
was significantly more frequent in the private institution group
than in the public institution group (p<0.05). Conversely, the
proportion of dermatologists reporting difficulty advising
patients on environmental decontamination after treatment was
significantly lower in private than in public institutions (p<0.05).
No significant difference was observed between employees of
public and private institutions in the proportion of participants
reporting frustration with the diagnosis, treatment, and follow-
up of scabies (p>0.05).
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Table 2. Opinions on treatment response/non-response Table 3. Opinions on the use of systemic ivermectin in scabies
Incorrect application of treatment by patients | 96 89.7% it s

Non-compliance of asymptomatic family members 96 89.7% t) %
with recommended treatment e I prefer it in patients 63 | 589
I consider sulfur-based magistral preparations to Opinions unresponsive to other therapies
: 80 74.8% n th : : Ee—
be effective on the use It is my first choice in eligible
- - - of systemic atients 23 21.5
Continued contact with carrier but untreated . . p
individuals 78 72.9% ivermectin Tachi o
ndivi in scabies .’:.lC ieve satis ac.tory outcolmes 19 178
I consider oral ivermectin to be effective 68 63.6% treatment with current topical therapies
Treatment discontinuation due to irritant 6 59.3% There is an absolute need forit | 2 1.9
properties of therapeutic agents o 2-4 minutes 33 30.8
- — Time spent
I 1i[f)ns.lder sulfur-tar combination therapy to be 54 50.5% for patient 5-7 minutes 42 39.3
effective counseling 8-10 minutes 17 | 159
I consider permethrin therapy to be ineffective 51 47.7% (diagnosis and .
treatment) 210 minutes 15 14.0
Misdiagnosis in primary care 51 47.7% ’
.Inadequa.te patient counseling and treatment 51 47.7%
information
Insufflae.nt pe%tlent understanding due to limited 50 46.7%
consultation time
Drug resistance 47 43.9% 80,0%
I consider permethrin therapy to be effective 44 41.1% 60,0%
I consider balsam of Peru mixtures to be effective 44 41.1% 40,0%
FaJlul_'e to adequately clean environment and 40 37.4% 20,0%
clothing P
I consider oral ivermectin to be ineffective 5 4.7% (il Pomefmn  Onl  SUfETAr Delemrof
Mix
I consider balsam of Peru mixtures to be ineffective | 4 3.7% e
I observed that oral ivermectin alone is insufficient | 2 1.9% Figure 1. The most commonly preferred first-line treatment
I consider sulfur-tar combination therapy to be 5 1.9% agents in patients with scabies
ineffective e
It is not appropriate to state that a specific therapy
is definitively effective or ineffective; response 1 0.9%
varies between patients
Responds to combination of permethrin and sulfur
thera 1 0.9%
R 10,0
Oral ivermectin is effective only when combined
. . 1 0.9%
with topical therapy 8.0
b
I consider that maintenance therapy is essential on
. . . 1 0.9%
days 7 and 10 following oral ivermectin 6.0
>
In resistant cases, i use oral ivermectin in
combination with sulfur-based magistral 1 0.9% 4,0
preparations
I consider sulfur-based magistral preparations to 2.0
. . 1 0.9% ’
be ineffective
I consider re-infection to be the most important 1 0.9% 0,0
problem R State hospital Private hospital
Patients concealing their disease 1 0.9%
Due to improper instructions, many patients apply Figure 2. Daily average scabies cases
o - o 1 0.9%
the medication daily only to itching areas
Patients are not informed that treatment must be
1 0.9%
repeated after one week
Patients not believing they have scabies and
. 1 0.9%
refusing treatment
There may be parasite-related factors 1 0.9%
Frequent use of scabies medications in primary
1 . 1 0.9%
care due to misdiagnosis
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Table 4. Challenges faced regarding scabies

choice for all eligible patients

n %
I struggle with making the Disagree 92 186.0
diagnosis Uncertain 15 14.0
Disagree 44 | 411
I struggle to convince patients Uncertain 25 23.4
to accept the diagnosis and
treatment Agree 30 28.0
Strongly agree | 8 7.5
Disagree 14 | 131
I struggle to convince non-itching | (y, certain 15 14.0
family members to receive
treatment Agree 48 | 44.9
Strongly agree | 30 28.0
I am uncertain about the Disagree 18 16.8
adequacy of treatment in family | ty, certain 13 121
members who do not present
for examination since i cannot Agree 39 | 364
prescribe for them Strongly agree |37 | 34.6
Disagree 43 | 40.2
I struggle to instruct patients Uncertain 30 28.0
about post-treatment
environmental hygiene Agree 23 |25
Strongly agree | 11 10.3
Disagree 15 14.0
Explaining how to apply topical Uncertain 13 12.1
therapy is highly time-consuming Agree 39 36.4
Strongly agree | 40 374
L L Disagree 7 6.5
Difficult application, unpleasant -
odor, and irritant effects of Uncertain 21 19.6
topical medications extend the Agree 44 | 411
duration of treatment
Strongly agree | 35 32.7
I have difficulty treating Disagree 2 1.9
individuals living in communal Uncertain 17 | 159
settings such as military
barracks, boarding schools, Agree 31 29.0
dormitories, or nursing homes Strongly agree | 57 53.3
Disagree 19 17.8
I feel fatigued regarding the Uncertain 16 |15.0
diagnosis, treatment, and follow-
up of scabies Agree 34 31.8
Strongly agree | 38 | 35.5
I believe that scabies has become | Disagree 4 3.7
a major public health .problem Uncertain 10 9.3
today, and that reducing
the burden on hospitals, Agree 28 26.2
informing family physicians,
and implementing household
; : Strongly agree | 65 | 60.7
screening are essential for
outbreak control
I believe that systemic therapies, | Disagree 24 22.4
which are easier to expla.m Uncertain 38 | 355
and administer than topical
treatments, are necessary and Agree 28 26.2
should be prescribed as the first
Strongly agree |17 | 15.9

DISCUSSION

Scabies is a highly prevalent parasitic infestation in low- and
middle-income tropical countries, affecting individuals of all
ages, races, genders, and socioeconomic groups. Conditions such
as war, natural disasters, famine, overcrowding, malnutrition,
migration, homelessness, and poor hygiene contribute to scabies
outbreaks. Among refugee populations, scabies has been reported
as the third most common infectious disease (10). In Tiirkiye, the
rising prevalence of scabies is well documented. A retrospective
cross-sectional study conducted between 2017 and 2019
demonstrated a gradual increase in prevalence from 3.2% to 6.2%
(11). In a multicenter study conducted at 12 tertiary dermatology
clinics across different geographic regions of the country, 17,803
patients (14,574 adults and 3,229 children) were diagnosed
with scabies between 2014 and 2019. Notably, the number of
cases increased nearly seven-fold between 2017 and 2018, and
approximately thirty-fold between 2017 and 2019 (12). This
surge in scabies incidence in Tirkiye is thought to be associated
not only with irregular migration movements over the past
decade but also with additional factors such as the coronavirus
disease 2019 pandemic and major earthquakes that have affected
millions of people (10-13).

The increase in scabies prevalence has also brought specific
challenges in its diagnosis and management. In clinical practice,
scabies is most often diagnosed based on characteristic features
such as pruritus, distribution of lesions, the presence of burrows,
and family history. At the same time, parasitological examination
is rarely required (10). Eighty-six percent of participants reported
no difficulty establishing a diagnosis of scabies. However, 58.9%
reported challenges convincing patients to accept the diagnosis
and treatment. Although scabies can generally be diagnosed
easily, patient acceptance of the diagnosis may be challenging
because the diagnosis can evoke feelings of dirtiness, shame, and
social stigma. Moreover, 78% of respondents reported difficulty
persuading asymptomatic family members to undergo treatment,
while 76% expressed doubts about the adequacy of therapy
for family members who did not attend a clinical evaluation.
These factors may contribute to treatment failure and ongoing
transmission, thereby preventing effective outbreak control.
Permethrin (5% cream or lotion) has been considered the gold
standard treatment for scabies; however, recent studies and case
reports have demonstrated high levels of resistance of Sarcoptes
scabiei to this agent (7-9,14-16). Some studies, however, suggest
that this resistance may be overestimated and that treatment
failure could instead be attributed to application errors (17). In
our study, physicians most frequently preferred sulfur as the first-
line therapy for scabies (60.7%), while permethrin was selected
less frequently (46.7%). Among pregnant women and children
older than 2 years of age, sulfur was also the most common
first-line treatment, while permethrin remained the preferred
treatment in children under 2 years of age. 74.8% of participants
reported successful outcomes with sulfur therapy, whereas only
41.1% reported that permethrin was effective. Notably, 47.7%
of physicians stated that they did not observe a satisfactory
response to permethrin. Despite permethrin’s designation as the
gold standard, prescriptions in our study indicated a shift toward
sulfur treatment, which may reflect an observational signal of
increasing resistance to permethrin in our country. However, this
is a questionnaire-based study relying on physicians’ opinions, and
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Table 5. Comparison between ministry (public) and private hospitals

Ministry Hospital (n=81) Private Hospital (n=26)
Mean * SD, n (%) Median | Mean * SD, n (%) Median e
Age 37.1+10.2 33.0 44.3+7.7 43.5 0.000 | ™
Male 19 23.5% 3 11.5%
Sex 0.191 | *
Female 62 76.5% 23 88.5%
Average number of scabies patients seen per 9.6+9.2 50 3.042.1 20 0.000 |
day
™ Mann-Whitney U test, *2: Chi-square test

no direct measurement of resistance was performed. Therefore,
this result should not be interpreted as confirmed resistance but
rather as an observational finding that may indicate resistance.
Similarly, a report from Tirkiye described cases of recurrence
following permethrin therapy that were successfully treated with
oral ivermectin (15). A nother study from Tirkiye demonstrated
that 10% sulfur ointment was significantly more effective than 5%
permethrin cream for the treatment of scabies (14). Nevertheless,
in our study, 96% of participants attributed treatment failure to
patients’ incorrect application of therapy and to the refusal of
asymptomatic family members to undergo treatment.
Improvements in healthcare services and increased accessibility
to care have led to a significant rise in demand for medical care
in Turkiye in recent years (18). This has led to an increased
outpatient workload and limited the consultation time available
per patient. In our study, 85% of physicians working in public
hospitals reported allocating 2-7 minutes per patient, whereas
77% of those working in private institutions reported spending
10 minutes or more. Furthermore, the average daily number
of scabies patients seen was nearly 10 in public hospitals
compared with approximately 3 in private institutions. Eighty
per cent of physicians reported that explaining the proper use
of topical therapy was highly time-consuming. Nearly half of
the participants believed that insufficient patient education
and understanding, primarily due to limited consultation time,
contributed to treatment failure. These findings suggest that
the time allocated to patients is markedly insufficient to provide
adequate counselling regarding topical and other treatment
modalities.

The main limitations to the use of medical therapies were
identified as treatment discontinuation due to irritation and
unpleasant odour (10,17). A total of 79% of participants reported
that the complexity of use, odour, and irritation, all associated
with topical agents, prolonged the treatment process. Scabies
poses a particularly high risk for outbreaks in institutional
settings such as military barracks, boarding schools, dormitories,
and nursing homes (19). Approximately 90% of participants
reported difficulties treating individuals residing in communal
environments.

In a study assessing the level of knowledge regarding the diagnosis
and treatment of scabies in primary healthcare, it was reported
that although physicians had sufficient knowledge about scabies,
they experienced difficulties in its management (20). In our
study, 47.7% of participants indicated that misdiagnosis and
mistreatment occurred at the primary care level. Furthermore,
93% of respondents stated that scabies has become a significant
public health problem, emphasising the need to reduce the
burden on hospitals and to inform family physicians about the

disease, thereby enabling them to perform household screening.
In addition, 72% of physicians reported feelings of frustration
due to the difficulties associated with the diagnosis, treatment,
and follow-up of scabies.

Oral ivermectin is generally considered in cases where topical
therapy fails. In Turkiye, oral ivermectin has been approved
since 2022 for the treatment of scabies in patients unresponsive
to topical agents (10). In our study, 60% of participants
reported using oral ivermectin as a second-line treatment for
nonresponse to topical therapy. In comparison, 20% indicated
that they prescribed it as a first-line agent. Given the challenges
associated with topical treatments, many participants expressed a
preference for oral therapy as a first-line option due to its ease of
administration and of explanation to patients.

Study Limitations

This study has certain limitations. As the data were obtained
through a self-reported online survey, responses may be
subject to recall and response biases, and the recruitment of
107 dermatologists via social media may not fully capture the
diversity of the broader dermatology community. The findings
primarily reflect physicians’ experiences rather than objectively
measured clinical outcomes. Moreover, the study was conducted
over a short time frame and included only hospital-based
dermatologists, which may limit the generalisability of the results
to other institutions and populations.

CONCLUSION

Our findings indicate that dermatologists experience significant
challenges in the management of scabies. The majority of
participants reported no response to permethrin and expressed
a stronger preference for sulfur-based formulations. Limited
consultation times restricted physicians’ ability to provide
patients with detailed instructions and complicated treatment
for family members, often leading to incomplete therapy and
continued transmission. These issues, combined with high
patient burden, contributed to feelings of fatigue and frustration
among physicians. Therefore, extending consultation times,
improving the training of family physicians in the diagnosis and
management of scabies, and implementing systematic household
screening should be emphasised as key strategies to achieve more
effective disease control.
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