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In the Name of He Who Created Healing

Today, after centuries of dominance by chemical medicine and synthetic drugs, the
world has once again turned its gaze to its own past. From the World Health Organiza-
tion, which formulates traditional medicine strategies, to researchers who analyze an-
cient herbal compounds with modern laboratory tools—all seem to have realized a
truth: the further science advances, the more it recognizes that our predecessors were
not misguided.

The issue you now hold is being presented to you on the threshold of the holy month
of Ramadan. In this edition, we have endeavored to build a bridge between modern vet-
erinary science and the insights expressed centuries ago in the teachings of the Ahl
al-Bayt (peace be upon them) within the framework of traditional medicine. And since
the soil of this land is honored to host the shrine of Imam Reza (peace be upon him),
we have begun each article with a relevant hadith from him.

We emphasize: our aim is neither to oversimplify science nor to sanctify that which
must be critiqued and tested. Our aim is dialogue. A dialogue between yesterday and
today, between wisdom and experience, between faith and research. We believe that,

just as in parasitology a complete understanding of a disease's cycle is impossible with-
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Giiniimiizde, kimyasal tibbin ve sentetik ilaglarin yiizyillar siiren egemenligin-
den sonradiinya yeniden gegmisine yénelmis durumda. Geleneksel tip strate-
jileri gelistiren Diinya Saghk Orgiitii'nden, kadim bitkisel bilesimleri modern
laboratuvar araglanyla analiz eden aragtirmacilara kadar herkes su gergegi
idrak etmis gériiniiyor: Bilim ilerledikce, gegmis nesillerin yolunu bos yere
yiiriimedigini daha iyi anhyor.

Elinizde tuttugunuz bu sayi, miibarek Ramazan aymn arifesinde size sunu-
|uyor. Bu sayida, modern veteriner hekimligi bilgisi ile asirlar 6nce Ehl-i Beyt
(a.s) ogretilerinde ifadesini bulan geleneksel tip anlayiglan arasinda bir
képrii kurmaya calistik. Bu topraklarin imam Riza'nin (a.s) tiirbesine ev sahip-
ligi yapmasi hasebiyle, her makaleye O'ndan ilgili bir hadisle bagladik.

Sunu vurguluyoruz: Amacimiz ne bilimi basitlestirmek ne de elestirilmesi ve
test edilmesi gereken seyleri kutsallagtirmaktir. Amacimiz diyalogdur. Diin
ile bugiin, hikmetile deneyim, inang ile aragtirma arasinda bir diyalog. Parazi-
tolojide, bir hastaligin tam déngiisiinii anlamak onun kesin konagim
bilmeden miimkiin olmadig gibi, bilginin de kéklerini ve kaynaklarini tani-

madan tam olarak kavranamayacagina inaniyoruz.

Bu metin, bu sayinin yazar ve okuyucularina hiirmeten dért dile gevrilmekte-

dir.

ibrahim Kaleh Kafai

Bilimsel-Kiiltiirel Dergi "Kesin Konak" Genel Yayin Yénetmeni

17 subat 2026
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Abstract: Cutancous leishmaniasis (CL) remains a significant public health challenge in both Iraq and Iran,
with substantial morbidity and socioeconomic impact. This review examines the epidemiological patterns
of CL distribution in Iraq and compares these findings with the western provinces of Iran, synthesizing data
from multiple studies conducted between 2021-2011. The evidence indicates that CL is endemic across
most Iraqi governorates, with the highest concentrations in central and southern regions including Diyala,
Salahuddin, Wasit, and Baghdad. In Iran, the western provinces bordering Iraq share similar ecological char-
acteristics that facilitate disease transmission. Demographic analysis reveals consistent patterns: males are
more frequently affected than females, children and young adults (particularly those under 20 years) consti-
tute the most vulnerable populations, and lesions predominantly occur on exposed body parts. Seasonal vari-

ations demonstrate peak incidence during winter months, corresponding to sandfly breeding seasons and in-

cubation periods. Environmental factors including low elevation, moderate rainfall, and rural agricultural
settings significantly influence disease distribution. The complex epidemiology of CL in this region necessi-

tates tailored, region-specific control strategies rather than uniform approaches.

Introduction: Cutaneous leishmaniasis (CL) is
a vector-borne disease caused by obligate intra-
cellular protozoa of the genus Leishmania,
transmitted through the bite of infected female
phlebotomine sandflies [1]. The disease mani-
fests in two epidemiological forms: zoonotic
CL caused by Leishmania major, which primari-
ly occurs in rural areas where rodents serve as
reservoir hosts, and anthroponotic CL caused
by Leishmania tropica, which predominates in
urban settings where humans constitute the
main reservoir [2].
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The global burden of CL is substantial, with ap-
proximately 1,2-0,7 million new cases annual-
ly across 98 endemic countries [3]. The Middle
East, particularly Iraq and Iran, represents a sig-
nificant focus of disease activity. In Iraq, CL
has been documented since the 1950s, with the
colloquial term "Baghdad boil" attesting to its
historical endemicity [4]. Similarly, Iran re-
ports prevalence rates ranging from %1.8 to
%37.9 across different provinces [5].

This review aims to synthesize current knowl-
edge regarding the distribution of cutaneous



leishmaniasis in Iraq and compare these pat-
terns with the western provinces of Iran, which
share geographical borders and ecological char-
acteristics that influence disease transmission
dynamics.
Cutaneous Leishmaniasis Distribution in
Iraq

1.Geographic Distribution: Cutaneous leish-
maniasis 1s widespread across most Iraqi gover-
norates, with notable variations in incidence.
Analysis of data from 2013-2011 revealed that
CL was reported in 17 of 18 provinces, with
Dohuk being the only exception [1]. The high-
est concentrations occurred in the neighboring
provinces of Diyala and Salahuddin, which col-
lectively accounted for approximately %37.6
of all reported cases (2,674 out of 7,112
cases). Other heavily affected regions included
Ninevha, Wasit, Babil, and Baghdad.
A study conducted in Al-Ramadi, the capital of
Al-Anbar province in western Iraq, document-
ed 532 CL cases between 2021-2019, yielding
a prevalence rate of 59 per 100,000 population
[2]. The highest number of cases occurred in
2020, (%35,5) followed by 2021, (%34) and
2019, (%26,5), demonstrating the epidemio-
logical instability characteristic of CL.
In northern Iraq, Mosul city and the Rabeea dis-
trict recorded 1,482 CL cases over a 12 -month
period between 2017- 2016 [6]. The Kurdis-
tan region, which reported zero cases in 2008,
experienced a progressive increase to 259
cases by 2017, with over %41 originating
from Makhmur region and %21 among inter-
nally displaced persons [7].

2.Demographic Patterns: Across all Iraqi

studies, consistent demographic patterns
emerge. Males are disproportionately affected,
constituting %58-55 of cases [1,2]. This
gender disparity likely reflects greater outdoor
occupational exposure among males, particular-
ly those engaged in agricultural activities.
Age distribution demonstrates that children and
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Figure 1. Gimsa-stained Zeis/mania smear at
40x magnification

young adults bear the highest disease burden.
Al-Warid et al. (2017) reported that age groups
14-5 years (%26.4) and 45-15 years (%32.8)
accounted for the majority of cases. Similarly,
Mancy et al. (2022) found that individuals
under 20 years constituted %63.3 of patients,
with ages ranging from two months to 85
years. This pattern reflects the development of
protective immunity following infection, ren-
dering older populations less susceptible.

3. Seasonal Variation: Cutaneous leishmani-
asis in Iraq exhibits marked seasonality. The
majority of cases (%060.9) are identified during
winter months, particularly January and Febru-
ary, with peak incidence in February [1]. This
pattern corresponds to the sandfly breeding
season (April-November, peaking in Septem-
ber-October) combined with the 6-2 month in-
cubation period of Leishmania parasites. Infec-
tions acquired during autumn sandfly activity
manifest clinically during winter.

4.Clinical Characteristics: Lesions predom-
inantly occur on exposed body areas. Mancy et
al. (2022) documented that hands (%20.57),
face (%20.11), and feet (%17.68) were most
frequently involved. Multiple lesions were
common, with 532 patients presenting 1,069
total lesions. Approximately %7.3 of patients
reported a family history of CL, and previous
scar evidence was documented in some cases,
including instances of leishmaniasis recidivans

[2].
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Comparison with Western Provinces of Iran

1.Geographic Proximity and Shared Ecol-
ogy: The western provinces of Iran, including
Kermanshah, Ilam, Kurdistan, and West Azer-
baijan, share extensive borders with Iraqi gover-
norates such as Diyala, Wasit, and Ninevha.
These regions exhibit similar ecological charac-
teristics: low to moderate elevations, annual
rainfall patterns supporting vegetation growth,
and rural agricultural landscapes that provide
optimal habitats for sandfly vectors and rodent
reservoirs.

2.Epidemiological Similarities: Studies

from Iran demonstrate epidemiological pat-
terns remarkably similar to those observed in
Iraq. Rafiei et al. (2016) reported that CL in
Iran predominantly affects males (%55.13)
with a mean age of 18+27 years, and over
%31 of patients were under 14 years of age.
These figures closely parallel Iraqi findings of
%58-55 male predominance and %63.3 under
20 years.
The anatomical distribution of lesions in Irani-
an patients showed %62.75 on hands, %24.8
on head and neck, and %22.7 on feet [5], con-
sistent with Iraqi observations of exposed site
predominance. This similarity reflects compara-
ble cultural practices regarding clothing and
similar sandfly feeding behaviors.

3.Geographic Distribution in Iran: In [ran,
most CL cases concentrate in eastern, central,
and southern provinces, with Khorasan-e-Raza-
vi (1,134 cases), Fars (630 cases), and Kerman
(465 cases) reporting the highest frequencies
during a six-month study period in 2014 [5].
However, the western provinces maintain en-
demic transmission, particularly in areas bor-
dering Iraq where population movement and
migration facilitate disease exchange.

4.Migration and Disease Dispersion: A crit-
ical factor linking CL epidemiology between
Iraq and western Iran is population movement.
Rafiei et al. (2016) documented that among Ira-
nian CL patients, %6.68 were Afghan nation-
als, %0.11 Pakistani, and %0.08 Iraqi.
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Conversely, Iraqi studies have documented
cases among internally displaced persons and
refugees. Abdulla et al. (2018) reported that
%21 of CL cases in Erbil governorate occurred
among internally displaced persons, while %8
were refugees. This bidirectional movement of
susceptible individuals between endemic areas
perpetuates transmission cycles and introduces
parasites into previously unaffected regions.
5.Environmental Determinants: Both coun-
tries demonstrate that environmental factors sig-
nificantly influence CL distribution. Al-Warid
et al. (2017) found that %83.9 of Iraqi cases
occurred in lowland provinces (elevation <51
m above sea level), and %69.7 in provinces
with rural populations of %51.6-35.5. Similar-
ly, Iranian studies identify warm climate and
dry conditions in low-lying areas as risk factors
for vector life cycles and reservoir host frequen-

cy [5].

Contributing Factors to Regional Distribu-
tion
1.Conflict and Displacement: The pro-
longed conflicts in both countries have substan-
tially impacted CL epidemiology. In Iraq, mili-
tary operations in western and northern regions
have exacerbated poverty, forced displacement,
and compromised health infrastructure [2].
Al-Hayali and Al-Kattan (2021) noted that
wars forced migration of Iraqi populations, en-
couraging increased infection rates in previous-
ly uninfected areas. Similarly, Rafiei et al.
(2016) referenced the eightfold increase in
Bam city cases following the 2003 earthquake,
demonstrating how disruption facilitates dis-
ease emergence.
2.Urbanization and Ecological Change:
Rapid urbanization and agricultural develop-
ment have altered transmission patterns. Rafiei
et al. (2016) observed that while historical re-
ports indicated rural predominance (%67 rural
cases in 2008), their 2014 data showed %62.6
of cases in urban areas, suggesting an epidemio-
logical shift. In Iraq, Al-Warid etal. (2017) doc-




umented significant cases in both urban and
rural settings, with rural agricultural areas main-
taining higher transmission due to increased
vector-host contact.

3.Surveillance and Reporting: Differences
in surveillance systems influence apparent dis-
tribution patterns. Iran maintains mandatory re-
porting for CL through the Centers for Disease
Control and Prevention, with confirmed cases
requiring laboratory confirmation [5]. Iraq's sur-
veillance, while functional, has experienced dis-
ruption due to conflict, potentially leading to un-
derreporting. Al-Hayali and Al-Kattan (2021)
noted that poverty, lack of public health aware-
ness, and health system challenges contribute
to underestimation of true disease burden.

Implications for Control Strategies

The complex epidemiology of CL in Iraq and
western Iran necessitates region-specific con-
trol approaches. Rafiei et al. (2016) empha-
sized that "providing a uniform mechanism for
control and prevention of this disease is not pos-
sible" given the diverse epidemiological fea-
tures. Effective strategies must consider:

1. Targeted interventions in high-incidence
provinces: Diyala, Salahuddin, Wasit in Iraq;
Khorasan, Fars, Kerman in Iran.

2. Age-appropriate prevention: Emphasis on
protecting children and young adults through in-
secticide-treated nets and protective clothing.

3. Seasonal vector control: Intensified inter-
ventions during sandfly breeding seasons
(spring through autumn).

4. Management of migration and displace-
ment: Screening and treatment programs for
displaced populations and refugees.

5. Reservoir control: Particularly for zoonot-
ic CL, management of rodent populations in
rural areas.

Conclusion
Cutaneous leishmaniasis remains a significant
public health challenge in both Iraq and Iran,

with remarkably similar epidemiological pat-
terns across the border regions. The disease pre-
dominantly affects males, children, and young
adults, with lesions concentrated on exposed
body surfaces. Environmental factors including
low elevation, moderate rainfall, and rural agri-
cultural settings facilitate transmission. Popula-
tion movement, conflict-related displacement,
and urbanization continue to shape distribution
patterns. Effective control requires coordinat-
ed, region-specific approaches that address the
complex ecological and social determinants of
disease transmission in this endemic region.
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Abstract: Theileriosis is one of the most economically devastating tick-borne diseases affecting large rumi-
nants worldwide. Caused by apicomplexan protozoan parasites of the genus Theileria, particularly 7. annu-
lata and T. parva, the disease results in significant morbidity, mortality, and production losses in cattle and
buffalo populations across Africa, Asia, and southern Europe. The parasites are transmitted by ixodid ticks
of the genera Hyalomma and Rhipicephalus and undergo a complex life cycle involving both vertebrate and
invertebrate hosts. Clinical manifestations range from subclinical carrier states to fatal lymphoproliferative
disease. Advances in molecular diagnostics, vaccine development, and integrated tick control strategies
have improved disease management, yet theileriosis remains a major constraint to livestock productivity in
endemic regions. This review summarizes current knowledge on the biology, epidemiology, pathogenesis,
clinical presentation, diagnosis, treatment, and control of theileriosis in large ruminants based on open-ac-

cess literature

Introduction: Tick-borne diseases represent a
critical challenge to global livestock health and
food security. Among these, theileriosis stands
as one of the most important diseases of cattle
and buffalo in tropical and subtropical regions.
The genus Theileria belongs to the phylum Api-
complexa and includes several species patho-
genic to ruminants. The two most significant
species are Theileria parva, the causative agent
of East Coast fever (ECF) in eastern, central,
and southern Africa, and Theileria annulata,
which causes tropical theileriosis across North
Africa, southern Europe, the Middle East, and
Asia [1].

The global economic impact of theileriosis is

H yy

enormous. East Coast fever alone kills approxi-
mately one million cattle annually in sub-Saha-
ran Africa, with estimated losses exceeding
USD 300 million per year [2]. Tropical theileri-
osis similarly causes severe losses in Asia, par-
ticularly in countries such as India, Iran,
Turkey, and China [3]. Understanding the para-
site biology, transmission dynamics, and availa-
ble control measures is essential for veterinary
practitioners and researchers working toward
sustainable livestock production systems.

Etiology and Taxonomy
Theileria species belong to the phylum Apicom-
plexa, order Piroplasmida, and family Theilerii-




dae. The major pathogenic species affecting
large ruminants include:

1. Theileria parva: Causes East Coast fever,
Corridor disease, and January disease in cattle.
Transmitted by Rhipicephalus appendiculatus
(the brown ear tick). It is the most pathogenic
species, causing a lymphoproliferative disorder
[4].

2. Theileria annulata: Causes tropical (Med-
iterranean) theileriosis in cattle and buffalo.
Transmitted primarily by Hyalomma species. It
transforms host leukocytes, leading to severe
disease [5].

3. Theileria orientalis: Previously consid-
ered benign, emerging pathogenic genotypes
(particularly the Ikeda type) cause oriental
theileriosis with significant anemia in cattle in
East Asia and Australasia [3].

A critical distinguishing feature of 7. parva and
T. annulata from other Theileria species is their
ability to transform host leukocytes, inducing
uncontrolled proliferation resembling a can-
cer-like phenotype. This characteristic classi-
fies them as "transforming" Theileria species

[6].

Life Cycle

The life cycle of Theileria is complex, alternat-
ing between the tick vector and the mammalian
host:

1. In the tick vector: Ticks ingest piro-
plasm-infected erythrocytes during blood feed-
ing on an infected animal. Within the tick gut,
parasites undergo sexual reproduction (game-
togony), producing zygotes that develop into ki-
netes. These kinetes migrate to the salivary
glands, where sporogony occurs, producing
sporozoites. Sporozoites are transmitted to a
new host during the next blood meal [1].

2. In the mammalian host: Sporozoites in-
oculated by the feeding tick rapidly enter host
lymphocytes (within minutes). Inside lympho-
cytes, the parasite develops into schizonts (mac-
roschizonts), which hijack host cell machinery

and induce uncontrolled cell division. The in-
fected lymphocytes proliferate, and during
each cell division, the schizont divides synchro-
nously with the host cell, ensuring each daugh-
ter cell inherits the parasite. Subsequently,
schizonts differentiate into merozoites (through
merogony), which are released and invade
erythrocytes, forming piroplasms. These piro-
plasms are then available for uptake by feeding
ticks, completing the cycle [4].

The transformation of host leukocytes by mac-
roschizonts is the hallmark pathogenic mecha-
nism of 7. parva and 1. annulata and distin-
guishes these species from benign Theileria
species.

Epidemiology

The distribution of theileriosis is determined by
the geographic range of competent tick vectors:
1. parva is restricted to eastern, central, and
southern Africa, corresponding to the distribu-
tion of R. appendiculatus. ECF is endemic in
12 African countries and represents the single
greatest cause of cattle mortality in the region
[2]. 1’ annulata has a broader distribution, span-
ning from Morocco and the Iberian Peninsula
through the Middle East to India and China. Hy-
alomma ticks, particularly H. anatolicum,
serve as the primary vectors. In India alone,
tropical theileriosis is considered the most im-
portant tick-borne disease of crossbred cattle,
with mortality rates reaching %80 in naive ani-
mals [3].

Several factors influence disease epidemiology
including breed susceptibility (exotic and cross-
bred cattle are significantly more susceptible
than indigenous breeds), tick population dy-
namics, seasonal variations, and the presence
of wildlife African  buffalo
(Syncerus caffer) serve as asymptomatic carri-
ers of 1. parva and represent a constant source
of infection [4].

Ieservoirs.

Pathogenesis and Clinical Signs
The pathogenesis differs between species:
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- East Coast fever (7. parva): Following
sporozoite inoculation, parasites infect T and B
lymphocytes. Schizont-infected cells undergo
massive clonal expansion, infiltrating lymph
nodes, spleen, and various organs. This lymph-
oproliferative response leads to lymph node en-
largement, pulmonary edema, and death. The
disease is primarily a lymphoproliferative disor-
der rather than a hemolytic disease [¢].

- Clinical signs: appear 12—8 days post-infec-
tion and include high fever (°42—40C), general-
ized lymph node enlargement (particularly the
parotid lymph node draining the tick attach-
ment site), anorexia, lacrimation, nasal dis-
charge, dyspnea due to pulmonary edema, and
death within 24—18 days in acute cases. Mortal-
ity in susceptible cattle can exceed %90 [1].

- Tropical theileriosis (1. annulata): The
pathogenesis involves both lymphoprolifera-
tive and hemolytic components. Macro-
schizont-infected leukocytes proliferate exten-
sively, but the subsequent erythrocytic phase
causes significant anemia. Clinical signs in-
clude fever, lymph node enlargement, anemia,
jaundice, hemorrhages on mucous membranes,
and emaciation. Mortality rates vary from %40
to %90 depending on the virulence of the
strain and host susceptibility [5].

- Oriental theileriosis (7’ orientalis): Primar-
ily causes anemia through erythrocyte destruc-
tion without significant lymphoproliferation.
Clinical signs include anemia, weakness, re-
duced milk production, and occasionally death
in heavily parasitized animals [3].

Diagnosis
Accurate diagnosis is essential for effective dis-
ease management:
1. Microscopic  examination:  Giem-
sa-stained blood smears reveal piroplasms
within erythrocytes and schizonts in lympho-
cyte preparations from lymph node biopsies.
While simple and inexpensive, sensitivity is
limited in carrier animals with low parasitemia

[8].
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2. Serological methods: The indirect fluores-
cent antibody test (IFAT) and enzyme-linked
immunosorbent assay (ELISA) detect antibod-
ies against Theileria antigens. These are useful
for epidemiological surveys but cannot distin-
guish current from past infections [1].

3. Molecular techniques: PCR-based meth-
ods targeting species-specific genes (e.g., 18S
rRNA, cytochrome b) offer superior sensitivity
and specificity. Real-time PCR and reverse line
blot hybridization enable detection of low-level
infections and differentiation between species.
These methods are now considered gold stand-
ards in research settings [3].

Treatment
Treatment options vary by species:

- Buparvaquone is the drug of choice for both
1. annulata and 1. parva infections. Adminis-
tered intramuscularly at 2.5 mg/kg body
weight, it is effective against both schizont and
piroplasm stages when given early in the dis-
ease course. However, delayed treatment signif-
icantly reduces efficacy, and drug resistance
has been reported in some regions [7].

- Oxytetracycline at high doses (20 mg/kg)
has prophylactic value when administered
during the incubation period and is sometimes
used in combination with buparvaquone.
Supportive therapy including fluid administra-
tion, blood transfusion in severely anemic ani-
mals, and anti-inflammatory agents improves
clinical outcomes.

Prevention and Control
An integrated approach combining vector con-
trol, vaccination, and management practices is
recommended:

1. Tick application
through dipping, spraying, or pour-on formula-
tions remains the primary method of tick con-

control: Acaricide

trol. However, increasing acaricide resistance
in tick populations, environmental concerns,
and cost limit the sustainability of chemical
control alone [2].




2. Vaccination: For 7. parva, the "infection
and treatment method" (ITM) involves inocula-
tion of live sporozoites simultaneously with
long-acting oxytetracycline. This induces
strong immunity but requires a cold chain for
sporozoite storage, and immunity may be
strain-specific [4]. For . annulata, attenuated
schizont-infected cell line vaccines are commer-
cially available and widely used in several coun-
tries including Israel, Iran, India, Turkey, and
China. These vaccines provide effective
cross-protection against field strains [5].

3. Breeding for resistance: Indigenous
cattle breeds (Bos indicus) in endemic areas ex-
hibit significantly greater resistance to theilerio-
sis than exotic breeds (Bos taurus). Crossbreed-
ing programs should consider disease resist-
ance alongside production traits [1].

Figurel: Sheep carcass infected with Theileria

Conclusion

Theileriosis remains a major impediment to
cattle production in endemic regions across
Africa and Asia. The unique ability of 7. parva
and 1. annulata to transform host leukocytes
makes these parasites particularly pathogenic
and scientifically fascinating. While effective
treatments and vaccines exist, their accessibili-
ty and affordability in resource-limited settings
remain challenging. Integrated approaches com-
bining sustainable tick control, strategic vacci-
nation, breeding for resistance, and improved
diagnostic surveillance are essential for reduc-
ing the burden of theileriosis. Continued re-

research into parasite biology, host-parasite in-
teractions, and next-generation vaccine devel-
opment will be critical for future disease con-
trol efforts.
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Abstract: Trichomonas gallinae is a flagellated protozoan parasite that causes avian trichomoniasis, a dis-
ease of significant concern in domestic pigeons, raptors, and various wild bird species worldwide. The dis-
ease is characterized by caseous lesions in the upper digestive tract and can lead to high morbidity and mor-
tality, particularly in young birds. Currently, nitroimidazole drugs such as metronidazole and ronidazole are
the primary therapeutic agents; however, increasing reports of drug resistance and growing concerns regard-
ing chemical residues in food-producing animals have prompted the search for safe and effective alternative
treatments. Garlic (Allium sativum) has been extensively recognized for its broad-spectrum antimicrobial,
antiprotozoal, and immunomodulatory properties, mainly attributed to organosulfur compounds such as alli-
cin. Several in vitro and in vivo studies have demonstrated promising anti-trichomonas activity of garlic ex-
tract against 7" gallinae. This review aims to summarize current knowledge on the biology of 7. gallinae,
the bioactive constituents of garlic, the antiprotozoal efficacy of garlic extract against 7" gallinae, and the
proposed mechanisms of action, while highlighting the potential of garlic as a complementary or alternative

therapeutic agent in avian trichomoniasis management.

Introduction: Avian trichomoniasis, caused
by the flagellated protozoan Trichomonas galli-
nae, is one of the most important parasitic dis-
eases affecting the upper digestive tract of
birds, particularly Columbiformes and raptors
[1,2]. The parasite has a worldwide distribu-
tion and is responsible for considerable eco-
nomic losses in pigeon breeding and poses a
conservation threat to endangered raptor theiler

oy,

species [3,4]. Although nitroimidazole com-
pounds remain the drugs of choice for treat-
ment, the emergence of resistant strains and reg-
ulatory restrictions on drug use in food animals
have created an urgent need for alternative ther-
apeutic approaches [5].

Medicinal plants have attracted increasing at-
tention as sources of novel antiparasitic agents
owing to their safety, availability, and lower ten-




tendency to induce resistance [6]. Among
these, garlic (Allium sativum L.) stands out as
one of the most extensively studied plants with
proven antimicrobial and antiprotozoal activi-
ties [7,8]. The organosulfur compounds in
garlic, particularly allicin, have demonstrated
significant activity against a wide range of pro-
tozoan parasites. This review provides a com-
prehensive overview of the effects of garlic ex-
tract on 7. gallinae, covering the parasite biolo-
gy, garlic phytochemistry, evidence of efficacy,
and mechanisms of action.

Trichomonas gallinae: Biology and Pathogen-
esis

Trichomonas gallinae is a pyriform, flagellated
protozoan belonging to the order Trichomonadi-
da. The organism possesses four anterior flagel-
la and an undulating membrane, lacks a cyst
stage, and is transmitted primarily through
direct contact, contaminated water, or crop
milk from parent birds to squabs [1,3]. The tro-
phozoite colonizes the mucosal surfaces of the
oral cavity, pharynx, esophagus, and crop,
where it induces inflammatory responses lead-
ing to the formation of characteristic yellow-
ish-white caseous necrotic lesions [2]. Clinical
manifestations range from mild, self-limiting
infections to severe, life-threatening disease. In
acute cases, extensive necrotic lesions may ob-
struct the upper alimentary tract, causing dys-
phagia, regurgitation, weight loss, and eventual
death from starvation or secondary bacterial in-
fections [4]. The virulence of 7. gallinae varies
among strains; highly virulent strains can cause
mortality rates exceeding %850 in susceptible
bird populations [1].Molecular analyses have
revealed considerable genetic diversity among
T. gallinae isolates from different avian hosts,
which may account for the observed differenc-
es in pathogenicity and host specificity [4,9].

Current Treatment and the Problem of Drug
Resistance
The nitroimidazole derivatives, including met-

ronidazole, dimetridazole, ronidazole, and car-
nidazole, have been the mainstay of treatment
for avian trichomoniasis for several decades
[5]. These drugs act by being reduced intracellu-
larly in anaerobic or microaerophilic organisms
to form cytotoxic nitro radical anions that
damage DNA and other macromolecules.
However, several challenges have emerged re-
garding the use of these conventional drugs.
First, the development of resistance in 1. galli-
nae strains to nitroimidazole compounds has
been documented, raising concerns about re-
duced therapeutic efficacy [5]. Second, in
many countries, including European Union
member states, the use of nitroimidazoles in
food-producing animals has been prohibited
due to concerns about mutagenic and carcino-
genic residues [3]. Third, potential adverse ef-
fects, including neurotoxicity at high doses,
limit their use in certain avian species. These
limitations have collectively driven the search
for effective, safe, and accessible alternative
treatments, with herbal medicines receiving par-
ticular attention.

Garlic (Allium sativum): Bioactive Com-
pounds

Garlic (Allium sativum L., family Alliaceae)
has been used for thousands of years in tradi-
tional medicine across diverse cultures for its
antimicrobial, antioxidant, anti-inflammatory,
and immunostimulatory properties [10]. The
therapeutic potential of garlic is primarily attrib-
uted to its rich content of organosulfur com-
pounds.

The intact garlic clove contains alliin (S-al-
lyl-L-cysteine sulfoxide) as the principal sul-
fur-containing amino acid. Upon mechanical
disruption of the clove (crushing or chopping),
the enzyme alliinase converts alliin to allicin
(diallyl thiosulfinate), which is the major bio-
logically active compound responsible for the
characteristic odor and most of the pharmaco-
logical effects of garlic [11]. Allicin is chemi-
cally reactive and rapidly decomposes into sec-
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ondary organosulfur compounds, including di-
allyl sulfide (DAS), diallyl disulfide (DADS),

diallyl trisulfide (DATS), and ajoene, all of

which possess varying degrees of biological ac-
tivity [8,11].

Figurel: Pigeon infected with Trichomonas gallinae

In addition to organosulfur compounds, garlic

contains flavonoids, saponins, selenitum, and

various vitamins that may contribute synergisti-
cally to its overall biological activity (Agarwal,
1996). The antimicrobial spectrum of garlic
and its constituents is remarkably broad, encom-

passing bacteria, fungi, viruses, and protozoa

[7].

Anti-Trichomonas
Garlic Extract
1.In Vitro Studies: In vitro investigations

gallinae Activity

have provided fundamental evidence for the an-
ti-trichomonas potential of garlic extract. Stud-
ies evaluating the effects of aqueous and etha-
nolic garlic extracts on T. gallinae trophozoites
have demonstrated dose-dependent and
time-dependent parasiticidal activity. Exposure

of trophozoites to various concentrations of

garlic extract resulted in significant reductions
in parasite motility and viability, with complete
immobilization and death occurring at higher
concentrations within relatively short exposure
periods [12].

Comparative in vitro analyses have indicated
that while garlic extract may require higher con-
centrations than metronidazole to achieve
equivalent killing rates, the anti-trichomonas
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activity remains clinically significant. Further-
more, the combination of garlic extract with
subtherapeutic doses of metronidazole has
shown synergistic or additive effects, suggest-
ing potential for combination therapy protocols
that could reduce reliance on synthetic drugs
[12].

2. In Vivo Studies: In vivo experiments

using naturally and experimentally infected pi-
geons have confirmed the therapeutic efficacy
of garlic extract against T. gallinae. Seddiek et
al. (2014) conducted a comprehensive study
comparing the antitrichomonal efficacy of aque-
ous garlic extract and metronidazole in domes-
tic pigeons naturally infected with T. gallinae.
The results demonstrated that oral administra-
tion of garlic extract at appropriate doses signifi-
cantly reduced the parasite count in treated
birds, with parasitological cure rates approach-
ing those achieved with metronidazole. Treated
pigeons also showed marked clinical improve-
ment, including resolution of oral lesions, im-
proved appetite, and weight gain.
Additionally, garlic-treated birds exhibited im-
provements in hematological and biochemical
parameters, with increases in packed cell
volume, hemoglobin concentration, and total
protein levels, suggesting ancillary health bene-
fits beyond direct antiprotozoal activity [12].
These immunostimulatory and nutritional bene-
fits are consistent with the known properties of
garlic compounds, which may enhance host re-
sistance to reinfection [7,10].

Proposed Mechanisms of Action
The antiprotozoal mechanisms of garlic com-
pounds against T. gallinae are multifactorial
and have not been fully elucidated; however,
several mechanisms have been proposed based
on studies with garlic and related protozoan par-
asites:

- Thiol-disulfide exchange reactions: Alli-
cin readily reacts with thiol groups (-SH) in
cysteine residues of essential enzymes in the




parasite, leading to inhibition of critical meta-
bolic pathways. This mechanism has been
demonstrated against Entamoeba histolytica
and Giardia lamblia and is likely operative
against 7. gallinae [8].

- Disruption of membrane integrity: Orga-
nosulfur compounds can interact with phospho-
lipid bilayers, causing alterations in membrane
fluidity and permeability, ultimately leading to
osmotic lysis of the trophozoites [7].

- Inhibition of proteolytic enzymes: Tricho-
monas species rely on cysteine proteases for
tissue invasion and nutrient acquisition. Allicin
and its derivatives can inhibit these enzymes,
thereby impairing parasite virulence and surviv-
al [6,8].

- Oxidative stress induction: Garlic com-
pounds can generate reactive oxygen species
within the parasite, overwhelming its antioxi-
dant defense mechanisms and causing oxida-
tive damage to cellular components [7].

- Immunomodulatory effects: Garlic en-
hances both innate and adaptive immune re-
sponses in the host, potentially augmenting the
bird's natural ability to control and eliminate
the infection [10].

Conclusion and Future Perspectives

The collective evidence from available in vitro
and in vivo studies supports the potential of
garlic (A. sativum) extract as a promising alter-
native or complementary agent for the manage-
ment of 7. gallinae infections in birds. The
broad antiprotozoal activity of garlic, com-
bined with its immunostimulatory properties,
wide safety margin, and cost-effectiveness,
makes it an attractive candidate for integration
into avian health management programs.
However, several areas require further investi-
gation: standardization of garlic extract prepara-
tions to ensure consistent allicin content and re-
producible efficacy; determination of optimal
dosage regimens for different avian species; as-
sessment of long-term safety in breeding birds;

Figure 2: Trichomonas gallinae

evaluation of potential effects on meat and egg
quality in food-producing species; and
large-scale controlled clinical trials to confirm
therapeutic equivalence with conventional
drugs. Furthermore, studies on the synergistic
use of garlic with low-dose synthetic antiproto-
zoals could provide strategies to minimize drug
resistance while maintaining therapeutic effica-
cy. With continued research and development,
garlic-based preparations could become valua-
ble tools in the sustainable management of

avian trichomoniasis.
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