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ABSTRACT

Background: Ticks are significant vectors of pathogens, and their nonpathogenic intracellular bacteria, known as
endosymbionts, influence tick physiology and may interact with tick-borne pathogens. Such relationships can affect
transmission dynamics, and understanding them is essential for designing strategies that control tick-borne diseases
and reduce their impact on human and animal health.

Aim: This study aimed to determine the prevalence and density of two key endosymbiotic bacteria, Francisella-like
endosymbiont (FLE) and Candidatus Midichloria mitochondrii (Ca. M. mitochondrii), and to investigate possible
correlations between these symbionts and the protozoan parasite Theileria annulata in Hyalomma anatolicum ticks.
Methods: Between January and October 2024, 116 ticks were collected from cattle in the Diwaniyah province, Iraq.
The morphological examination was followed by molecular confirmation using mitochondrial 16S rRNA sequencing.
Quantitative polymerase chain reaction was applied to detect and quantify FLE, Ca. M. mitochondrii, and T. annulata
in H. anatolicum.

Results: Hyalomma anatolicum was the predominant species, representing 86% of ticks, whereas H. excavatum
accounted for 13%. Mitochondrial 16S rRNA sequences confirmed species identity and showed 99.48%—100%
similarity to reference isolates from China, Pakistan, Turkey, India, and Russia. FLE was detected in 100% of H.
anatolicum, with mean loads of 7.9 x 103 copies per tick. Ca. M. mitochondrii was detected in 99% of specimens,
with mean loads of 3.7x10? copies per tick. FLE densities tended to be higher in females compared to males (9.7 x 10?
copies vs. 1.8 x 10° copies), but the difference was not statistically significant. Candidatus Midichloria mitochondrii
loads also differed significantly (4.8 x 10? copies vs. 1.3 x 10" copies). Theileria annulata was present in all ticks,
with the highest copy numbers in semi-engorged females (1.9 x 10* copies), followed by males (2.8 x 10? copies).
Our findings revealed a statistically significant association (p < 0.05) between 7. annulata and Ca. M. mitochondrii,
whereas no significant correlation was observed between 7. annulata and FLE.

Conclusion: The presence of FLE and Ca. M. mitochondrii in H. anatolicum from the Diwaniyah province was
documented. Evidence indicated associations between symbiont density and 7. annulata infection, and the results point
toward a possible role of endosymbiotic bacteria in pathogen persistence and the epidemiology of tick-borne diseases.
Keywords: 16S rRNA, Endosymbionts, Hyalomma, Francisella, Ticks.

Introduction ticks are estimated at US$22-30 billion per year. In
Ticks are obligate blood-feeding ectoparasites of South Asia alone, the annual economi'c impact of ticks
animals and humans and rank just behind mosquitoes an'd : tlck-bom.e diseases is approximately USS$800
as vectors of pathogens with major implications for million (Nanch et fd" 2023)' . .
human and veterinary health (de la Fuente et al., 2008). Among the ixodid ticks, Hyalomma anatolicum is

. . ) . . recognized as one of the most significant species. Its
Their long feeding p er}ods. and multi-host life cyc.les wide distribution across the Middle East, North Africa,
enable them to transmit diverse protozoan, bacterial,

and South Asia, coupled with its adaptability to varied

and viral pathogens. Infestations in livestock cause environments, explains its prominence in tick-borne
direct harm through blood loss, skin damage, and disease transmission (Shyma et al., 2012; Biglari et
reduced productivity, whereas tick-borne pathogens al., 2018). The species transmits several pathogens of
reduce milk yield, impair growth, and increase veterinary and zoonotic concern, including Theileria
mortality (Gomes ef al., 2018). Global losses due to annulata, T. equi, T lestoquardi, Anaplasma spp.,
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Rickettsia spp., and Crimean-Congo hemorrhagic fever
virus (Celina et al., 2025). Along with Rhipicephalus
microplus, it is one of the most economically damaging
tick species for cattle in endemic regions (Gomes et
al., 2018). Climate change and land use shifts are
expanding the range and seasonality of Hyalomma
ticks, which increases the risk of pathogen transmission
in previously unaffected areas (Nasiri et al., 2025).
Theileria annulata-induced tropical theileriosis is
a major constraint on cattle production in endemic
areas. The parasite infects leukocytes and erythrocytes,
resulting in fever, lymph node enlargement, anemia,
and potentially fatal outcomes. Even when animals
survive, production losses through reduced milk
yield, poor growth, and infertility are severe (Gomes
et al., 2018). An estimated 250 million cattle are
at risk worldwide (Afshari er al., 2021). In Iraq,
T annulata remains endemic in the central and
southern provinces, with a prevalence ranging from
40% to more than 80%, depending on the region and
diagnostic method (Mohammad Al-Saeed et al., 2010;
Al-Fatlawi et al., 2018; Kawan, 2019; Al-Wasmee et
al., 2024). Neighboring countries report comparable
rates, underscoring the transboundary threat (Ali et
al., 2013; Koseoglu et al., 2021; Omer et al., 2021).
These burdens highlight the need for enhanced control
strategies beyond traditional acaricides, especially
as resistance to chemical treatments is increasingly
reported (Shyma et al., 2012).

Ticks harbor diverse microbial communities that
influence their physiology and association with
pathogens. Obligate symbionts such as Francisella-
like endosymbiont (FLE) and facultative symbionts
such as Candidatus Midichloria mitochondrii are
frequently detected in Hyalomma ticks. These bacteria
supplement essential nutrients absent from vertebrate
blood, contribute to reproduction, and may affect
survival (Sassera et al., 2008; Bonnet and Pollet, 2021).
FLE prevalence has been reported to exceed 90% in
Hyalomma populations (Ghafar et al., 2020; Perveen et
al.,2020; Soliman et al., 2025). Candidatus Midichloria
mitochondrii has strong vertical transmission and the
mitochondrial localization, indicating a fundamental
role in ovarian developmental processes, as supported
by previous studies (Olivieri et al., 2019; Luo et al.,
2024).

Endosymbionts can alter vector competence. In
Dermacentor ticks, Rickettsia peacockii is associated
with reduced infection by the pathogenic R. rickettsii
(Wojcik-Fatla et al., 2015). Conversely, in Hyalomma
species, FLEs have been associated with a higher
prevalence of 7. annulata and Rickettsia, suggesting
synergistic effects rather than protection (Hussain et
al., 2022; Sesmero-Garcia et al., 2023). Some studies
report co-infection rates close to 50%, implying
that FLEs may enhance rather than limit pathogen
persistence. Co-occurrence may involve nutrient
competition, immune modulation, or changes to tissue

barrier permeability (Kolo and Raghavan, 2023;
Zhong et al., 2024). Understanding these mechanisms
is essential for interpreting pathogen dynamics in field
populations.

The role of symbionts in tick biology has piqued
interest in microbiome-based control strategies.
Inspired by the success of Wolbachia in mosquitoes,
research is exploring ways to disrupt essential tick
symbionts or introduce beneficial symbionts that
antagonize pathogens. Although still experimental,
such approaches could complement existing methods
by targeting microbial pathways essential for tick
survival or pathogen transmission Adegoke et al., 2020;
Bonnet and Pollet, 2021). Hyalomma ticks remain
underexplored in this context, despite evidence of their
heavy reliance on FLEs and Ca. M. mitochondrii.
Despite the endemicity of tropical theileriosis in
Iraq, there remains limited knowledge regarding
the symbiont composition of H. anatolicum. An
assessment of the prevalence and densities of FLE and
Ca. M. mitochondrii in field-collected ticks, along with
their correlation to 7. annulata infection, will clarify
their epidemiological roles. Such information is vital
for improving molecular diagnostics, understanding
co-infection dynamics, and guiding innovative vector
management strategies. Al-Diwaniyah is one of Iraq’s
major cattle-producing provinces where tropical
theileriosis remains endemic. Its humid subtropical
conditions and year-round vector activity make it a
suitable region for assessing endosymbiont—pathogen
relationships. This study investigated the prevalence
and density of FLEs and Ca. M. mitochondrii in H.
anatolicum ticks collected from cattle in Diwaniyah.
It also examines the occurrence of 7. annulata and
explores potential associations between the pathogen
and endosymbionts. This study seeks to provide
insights into microbial-pathogen associations that may
inform more effective approaches to the control of
tropical theileriosis.

Materials and Methods

Tick collection

Between January and October 2024, 116 ticks were
collected from naturally infested cattle in Iraq’s
Diwaniyah province. Cattle were randomly selected
from different farms. To avoid damage to the specimens,
ticks were removed manually using sterile forceps
and immediately placed individually in sterile plastic
containers containing 70% ethanol. Each container was
labeled with the date of collection, host information,
and locality. Samples were transported in an icebox to
the Department of Parasitology, College of Veterinary
Medicine, University of Al-Qadisiyah, for laboratory
processing.

Morphological identification

All ticks were initially identified at the species level
using morphological characteristics observed under
a stereomicroscope. Identification keys described by
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Walker (2003) were applied to present the diagnostic
features of Hyalomma species, including scutum shape,
capitulum shape, coxal spurs, festoon arrangement, and
genital apertures (Fig. 1). Morphological identification
was the first step before molecular confirmation.

DNA extraction from ticks

Prior to extraction, the ticks were rinsed three times
with distilled water and air-dried on sterile filter paper
to remove residual ethanol. Each tick was bisected

using sterile scalpels under a stereo microscope.
Semi-engorged females were divided into four
sections, whereas smaller males were divided into two
sections. Each fragment was placed in a sterile 1.5
ml microcentrifuge tube labeled with a unique code.
All 100 adult H. anatolicum ticks (76 females and 24
males) were individually processed following identical
extraction procedures. DNA was extracted using the
ammonium hydroxide boiling method (Ammazzalorso

Fig. 1. Morphological detection of H. excavatum (A, B) and H. anatolicum (C, D) adult males by microscopy. (A) Dorsal view of
H. excavatum showing the anterior fusion paraparmeral festoons (arch) and the bulge arrows marking the caudal ridges. (B) Ventral
view showing the genital pore, ventral plates, and coxae I and IV. (C) Dorsal view showing the fetoons (absence of the anterior
arch) of H. anatolicum. (D) Ventral view showing the genital pore, ventral plates (adnal and subanal plate), and coxae I and IV.
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et al., 2015; Al-Khafaji, 2018). A total of 150 pl of
12 M ammonium hydroxide was added to each tube.
Samples were incubated in a heating block at 100°C
for 20 minutes. Tube caps were opened, and samples
were maintained at 100°C for an additional 18 minutes
under a fume hood until volumes were reduced to
approximately 70—100 pl. The extracts were centrifuged
at 10,000 x g for 10 minutes, and the supernatants
were collected. The DNA concentration and purity
were measured using a Nanodrop spectrophotometer
(Thermo Scientific, USA). DNA was stored at —20°C
until use.

Molecular identification of ticks (16S rRNA PCR)

Tick species were confirmed using PCR amplification
of the mitochondrial 16S rRNA gene using
Ixodidae-specific primers (Han et al, 2019).
The primer sequences were as follows: forward
5'-CTGCTCAATGATTTTTTAAATTGCTGTGG-3'
and reverse 5'-CCGGTCTGAACTCAGATCAAGT-3'".
PCR reactions were prepared in 20 pl volumes
containing 10 ul PCR Master Mix, 2 pl (0.5 pmol)
of each primer, 2 pl of DNA template, and 4 pl of
nuclease-free water. Cycling conditions included
initial denaturation at 95°C for 3 minutes, followed
by 39 cycles of denaturation at 95°C for 35 seconds,
annealing at 53.8°C for 35 seconds, and extension at
72°C for 35 seconds, with a final extension at 72°C
for 5 minutes. PCR products (~450 bp) were separated
by electrophoresis on 1.5% agarose gels stained
with ethidium bromide and visualized under UV
illumination.

DNA sequencing and phylogenetic analysis

Positive amplicons were purified and submitted for
Sanger DNA sequencing to Macrogen Inc. (South
Korea). Raw sequences were trimmed and edited
using Chromas software and compared with reference
sequences in the National Center for Biotechnology
Information GenBank database using BLAST.
Phylogenetic analysis was conducted using MEGA
11 software to compare the relationships between tick
sequences from Iraq and global reference strains.

Table 1. Gene targets for amplification and sequencing.

qPCR

Real-time polymerase chain reaction was employed
to determine the prevalence and density of FLE, Ca.
M. mitochondrii, and T annulata. Macrogen Inc.
designed synthetic plasmids containing specific target
genes (Table 1) to generate duplicate standard curves.
Plasmids were serially diluted from 107 to 10! copies
to prepare reference standards. qPCR reactions were
performed in 20 pl volumes containing: 10 ul SYBR
Green Master Mix (AddBio, Korea), 1 pl of each
primer, 3 pl of template DNA, and 5 pul of nuclease-
free water. The amplification conditions included an
initial denaturation at 95°C for 10 minutes, followed
by 40 cycles at 95°C for 20 seconds, annealing at
optimized temperatures between 50°C and 60°C for 30
seconds, and extension at 72°C for 30 seconds. A melt
curve analysis was conducted from 60°C to 95°C to
confirm the specificity of the product. Copy numbers
were normalized against the tick single-copy ribosomal
protein L6 (rpl6) gene of Ixodes scapularis, previously
validated for tick normalization (Al-Khafaji, 2018).
Statistical analysis

Statistical analyses were performed using GraphPad
Prism (GraphPad Software, version 8.4.3, USA). For
data that did not follow a normal distribution, the
Kruskal—Wallis test with Dunn’s correction was used to
compare the genomic copy number of endosymbionts
(FLE, Ca M. mitochondrii) and pathogenic protozoa
(T annulata) in tick samples (semi-engorged female
and male). Differences were considered statistically
significant at p < 0.05 or p <0.01.

Ethical approval

Not needed for this study.

Results

Morphological and molecular identification of ticks

A total of 116 ticks were collected from cattle in
the Al-Diwaniyah province and examined under a
stereomicroscope. All were identified as Hyalomma
ixodid ticks. Among them, 100 (86%) specimens were
confirmed as H. anatolicum, while 16 (13%) specimens

Accession

Gene target o Primer sequence (5-3) Size Annealing Refs.
Isrpl6 F: CCGGTCCAAGATGTTCCACA
Ixodes ribosomal DS615069 77 bp 58.3°C (Al-Khafaji, 2018)
—— R: TGCGCTTCCTCTTCTCCTTG
F: CTTGAGAGCAGAACCACCTA
GyrB. . LT575857 146bp  56.3°C (ERELI 5
Ca. mitochondri R: CAAGCTCTGCCGAAATATCTT 2008)
F: TAATTTGACTCAACACG -
Cytb , KF429795 53.9°C (Afshari et al.,
T annulata R: ATCACAGACCTGTTATTGCC 265 bp 2021)
16SIRNA F: CAACATTCTGGACCGAT Ferrei
Francisella-like MK60234 9 373bp  58.3°C St\’[aafh;gggl;e“e"a
 — R: TGCGGGACTTAACCCAACAT -
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were identified as H. excavatum. Morphological
characteristics of H. anatolicum included smaller
body size, thinner form, and paler coloration than
other Hyalomma species. Females displayed a shallow
cervical field with nearly parallel margins. Males
exhibited a less depressed posterior scutum and
paracentral festoons that did not converge to form an
arch, unlike the pronounced arch in H. excavatum (Fig.
1).

The morphological diagnosis was supported by
molecular confirmation. PCR amplification of the
mitochondrial 16S rRNA gene produced a 450-bp
fragment in all ticks. Electrophoresis revealed distinct
bands, indicating successful amplification (Fig. 2).
Overall, H. anatolicum was the predominant species in
the study population and accounted for a significantly
higher proportion than H. excavatum (p < 0.01).
Sequence similarity and evolutionary relationships
Sequencing of the 16S rRNA fragments produced
11 high-quality sequences, which were deposited
in GenBank under accession numbers PQ623957—
PQ623967. Sequence alignment showed identities
ranging from 99.48% to 100% with reference strains
of H. anatolicum. Several Iraqi isolates, including
PQ623958, PQ623959, PQ623960, PQ623961, and
PQ623963, showed 100% identity with isolates from
China and Pakistan. Other sequences closely matched
strains reported from Turkey, India, and Russia, with
identities above 99.4%.

Phylogenetic analysis revealed that Iraqi isolates
clustered with global H. anatolicum populations with
bootstrap support above 95% (Fig. 3). No significant
divergence was observed between the local and
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foreign sequences. Table 2 provides the details of the
accession numbers, sequence identities, and country
of origin. The clustering pattern in the phylogenetic
tree confirmed that Iraqi H. anatolicum shares a nearly
identical genetic profile with populations reported from
neighboring and distant countries. Multiple sequence
alignment further illustrated the strong conservation of
nucleotide positions, highlighting close similarity with
Chinese and Pakistani strains and divergence from H.
excavatum (Fig. 4).

Detection and quantification of endosymbiont bacteria

qPCR assays confirmed the presence of FLE and Ca.
M. mitochondrii in H. anatolicum. The standard curves
showed amplification efficiencies of 94%—-98% and R*
values between 0.944 and 0.988, which validated the
method.

FLE was detected in all examined ticks (100%; n =
100) with a mean bacterial load of 7.9 x 10° copies
per tick, whereas Ca. M. mitochondrii was identified
in 99% of samples (n = 99/100) with a mean copy
number of 3.7 x 10%2. However, the FLE densities were
significantly higher than those of Ca. M. mitochondrii
(p < 0.05). Female ticks carried higher bacterial loads
than males, with mean FLE values of 9.7 x 10° and
1.8 x 103, respectively. The mean Ca. M. mitochondrii
loads were significantly higher (p < 0.05) in females
(4.8 x 10?) than in males (1.3 x 10'). The highest
FLE concentrations were observed in semi-engorged
females and males, which exceeded those of Ca. M.
mitochondrii (p < 0.05; Fig. 5).

Fig. 2. Agarose gel electrophoresis of mitochondrial 16S rRNA polymerase chain reaction products from Hyalomma ticks. A
450-bp fragment was amplified in all samples (lanes 1-16). Lane C was used as a negative control with no amplification. Lane M
contained a 100 bp molecular size marker (GeneDirex, South Korea). Amplification confirmed the DNA quality and molecular

identification.
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— @ Hyalomma anatolicum MK495917 Pakistan
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Fig. 3. Phylogenetic tree of H. anatolicum based on partial mitochondrial 16S rRNA sequences. The tree was constructed using the
maximum likelihood method (Tamura—Nei model, 100 bootstrap replicates) in MEGA 11. Local sequences (PQ623957-PQ623967)
were closely clustered with references from China, Turkey, Pakistan, India, and Russia, showing 99.48%—-100% identity. The
branch lengths represent the genetic distances.
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Table 2. Homology sequence identity (%) between local hard ticks and global NCBI-BLAST H. anaolicum and H. excavetum.

Sequence Obtained NCBI-BLAST homology sequence identity (%)

number accession number [dentical to GenBank accession number Country Identity (%)
1 PQ623957 H. excavatum KU130415 Pakistan 99.74
2 PQ623958 H. anatolicum MH447260 China 100
3 PQ623959 H. anatolicum MH447260 China 100
4 PQ623960 H. anatolicum MH447250 China 100
5 PQ623961 H. anatolicum MT509435 China 100
6 PQ623962 H. anatolicum KR870971 Turkey 99.74
7 PQ623963 H. anatolicum MH447245 Pakistan 100
8 PQ623964 H. anatolicum OR452931 China 99.48
9 PQ623965 H. anatolicum HM176657 India 99.48
10 PQ623966 H. excavatum OL347856 Turkey 100
11 PQ623967 H. anatolicum KP059123 Russia 99.74

Detection and quantification of the protozoan pathogen
T. annulata

Theileria annulata DNA was detected by qPCR in all
H. anatolicum ticks (100%; n =100/100). The standard
curves showed amplification efficiencies between 96%
and 97%, with R? values above 0.970. The mean copy
number of 7. annulate was 1.5 x 10%. Semi-engorged
females carried the highest parasite loads, with mean
copy numbers of 1.9 x 10°, whereas males carried 2.8
x 10°. Although higher values were recorded in semi-
engorged females, statistical analysis confirmed that
the differences between males and females were not
significant (p > 0.01, Fig. 5).

Comparative abundance of microorganisms
Comparative quantitative analysis of endosymbiont
bacteria and protozoan copy numbers showed distinct
patterns of relative abundance for FLE, T. annulata,
and Ca. M. mitochondrii. Theileria annulata exhibited
markedly higher density values in both male and
female ticks, a trend similarly observed for FLE. In
contrast, the lowest levels were observed for Ca. M.
mitochondrii (Fig. 5). Statistical analysis revealed a
significant positive correlation between 7. annulata
and Ca. M. mitochondrii (r = 0.785; p < 0.01), which
may indicate an ecological association. No significant
correlation was detected between 7. annulata and FLE.

Discussion

Our study demonstrated that H. anatolicum was
the predominant tick species infesting cattle in
AlDiwaniyah province, Iraq, with 86% (100/116) of
the collected specimens identified as H. anatolicum and
only 13% (16/116) as H. excavatum. This is consistent
with the results of previous studies in Iraq (Hasson,
2012; Al-Fatlawi et al., 2018; Al-Abedi and Al-Amery,
2021; Al-Shabbani and Al-Fatlawi, 2023; Al-Zubaidei
et al., 2023), Iran (Biglari et al., 2018; Nasiri et al.,
2025), India (Shyma et al., 2012), Pakistan (Khan

and Ashraf, 2017), and China (Luo et al., 2024). The
Hyalomma genus exhibits strong adaptability across
diverse climates, including hot, humid, and cold
environments, enabling its widespread distribution
(Sajid et al., 2018).

Notably, the morphologically identified species in the
present study were consistent with diagnostic criteria
described in Iraqi surveys (Ali et al., 2021; Aziz, 2022;
Al-Shabbani and Al-Fatlawi, 2023). However, the
accurate morphological identification of Hyalomma
ticks is hindered by considerable intraspecific variation
and morphological similarities among closely related
species, leading to frequent misidentification (Chegeni
et al., 2019; Tavakolian et al., 2025). In recent years,
molecular techniques utilizing genetic markers have
become essential tools for precise species identification
and taxonomic resolution.

Therefore, our results, including molecular
identification, provided essential confirmation.
Amplification of the mitochondrial 16S rRNA gene
was detected in a specific band (450-bp fragments) in
all tested samples, indicating reliable amplification and
species-level confirmation. The 11 sequenced isolates
(PQ623957-PQ623967) clustered with reference
sequences from India, China, Russia, Turkey, and
Pakistan, with identities ranging between 99.48%
and 100%, according to phylogenetic analysis. The
bootstrap values exceeded 1,000%, confirming strong
support for clustering. Intraspecific divergence in
ticks typically ranges between 0.005 and 0.010 among
H. anatolicum populations from different countries,
indicating limited regional differentiation. Interspecific
comparisons between H. anatolicum and H. excavatum
showed higher divergence values (0.015-0.025),
confirming their distinct taxonomic status within the
genus. Comparable conservation of mitochondrial
sequences has been described in related studies from
Asia and Europe, where H. anatolicum populations
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Fig. 4. Multiple sequence alignment of mitochondrial 16S rRNA partial sequences of H. anatolicum with global references. Local
isolates PQ623957-PQ623967 showed 99.48%—100% sequence identity with sequences from China and Pakistan, confirming
close similarity. H. excavatum reference sequences displayed clear differences that separated them from H. anatolicum.

exhibited minimal divergence across regions (Boyer et This knowledge is essential for formulating successful
al., 2019; Chikufenji et al., 2024; Ngnindji-Youdje et disease prevention, diagnosis, and control strategies
al., 2025). (Boyer et al., 2019; Chikufenji et al., 2024; Ngnindji-
Understanding the identification and distribution of Youdje et al., 2025).

tick species is essential for managing the diseases they The Hyalomma genus, comprising more than 20
transmit, as different species carry specific pathogens. species, exemplifies vector specificity, predominantly
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Fig. 5. FLE, Ca. M. mitochondrii and T. annulata densities in female and male H. anatolicum ticks. Note that the copy number
ratio has been subjected to a log'’ transformation. This shows a significant difference (p < 0.05) between the three different
microorganisms after normalization with the internal control L6 (rpl6) gene of Ixodes scapularis.

inhabiting Asia, Europe, and Africa. These ticks are
recognized as significant vectors for various pathogens,
such as Theileria spp. Babesia spp. Anaplasma spp.,
Ehrlichia spp., Rickettsia spp., Francisella tularensis,
Coxiella burnetii, and Borrelia turcica (Olivieri et al.,
2019; Adegoke et al., 2020; Mohammed et al., 2023;
Tukmechi et al., 2024; Celina et al., 2025; Tavakolian
etal., 2025).

Recent research has highlighted the complex microbial
communities within ticks, including endosymbionts,
that can influence tick biology and pathogen
transmission dynamics. The FLE endosymbiont is
frequently found in Hyalomma ticks (Soliman et al.,
2025).

Real-time PCR assays in this study revealed a universal
FLE infection. All 100 H. anatolicum specimens carried

FLE, indicating 100% prevalence, with mean copy
numbers_of 7.9 x 10°. The universal presence of FLE is
consistent with earlier reports where the prevalence of
FLE approached 100% in Hyalomma populations from
Pakistan, North Africa, and the Middle East (Azagi et
al., 2017; Ghafar et al., 2020; Benyedem et al., 2022;
Soliman et al., 2025). In comparison, FLE prevalence
in Ixodes and Dermacentor rarely exceeds 30%
(Scoles, 2004; de Carvalho ef al., 2011; Wojcik-Fatla
et al., 2015). The variations in the prevalence of FLE
observed in the present study compared with earlier
research can be attributed to several factors, including
geographic influences, tick species diversity, sampling
techniques, and environmental changes (Zajac et al.,
2023; Soliman et al., 2025).
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In this investigation, Ca. M. mitochondrii was the
second most prevalent endosymbiotic bacteria in 99
% of samples, with mean copy numbers of 3.7 x 10%
The detection of Ca. M. mitochondrii in H. anatolicum
agrees with findings from China, where Luo et
al. (2024) reported similar prevalence in Xinjiang
populations, and with results of Hoffman et al. (2022),
who documented a prevalence surpassing 90% in other
Hyalomma ticks. Previous work on Ixodes ricinus
confirmed the nearly universal detection of Ca. M.
mitochondrii in female ovaries, highlighting its strong
association with reproductive tissues and vertical
transmission (Sassera ef al., 2008; Buysse et al., 2021;
Uzum et al., 2023).

Our findings demonstrated a significantly higher density
of FLE in tick samples than in Ca. M mitochondrii.
Previous studies have indicated that the presence and
role of Ca. M. mitochondrii in Hyalomma ticks exhibit
notable variability compared with the more consistent
presence of FLE. Although Ca. M. mitochondrii is
recognized as an endosymbiont in various tick species,
its association with Hyalomma appears less stable
and potentially secondary, influenced by evolutionary
dynamics and ecological factors (Buysse and Duron,
2018; Buysse et al., 2021)._

Despite the presence of FLE and Ca. M mitochondrii
in males and females of H. anatolicum, but different
in density and mean copy numbers of FLE in females
(semi-engorged) and males (9.7 x 10° vs. 1.8 x 10%),
respectively. While Ca. M. mitochondrii mean copy
numbers showed (4.8 x 10?vs. 1.3 x 10). The variation in
the abundance of endosymbiotic bacteria between male
and female ticks indicates that these microbes play sex-
specific roles and influence reproduction, development,
and disease transmission. The gut microbiomes of male
and female ticks exhibit significant taxonomic and
functional differences, which may reflect their distinct
lifestyles and reproductive strategies (Floriano et al.,
2023; Shamoon-Pour et al., 2025).

The identification of H. anatolicum as a prevalent
tick species infesting cattle in Iraq raises significant
concerns regarding its potential role in transmitting
Theileria species (Al-Mayah and Abdul-Karim, 2020).
Based on the current study’s findings, the 7. annulata
infection had the highest prevalence (n = 100/100)
in H. anatolicum, which is consistent with previous
studies in Iraq, including 62.2% in Al-Diwaniyah
(Albayati, ef al., 2023), 40% in Babylon (Al-Wasmee
et al., 2024), and 88% in Baghdad (Kawan, 2019).
Neighboring countries reported 39.9% in Iran (Afshari
et al., 2021), 16% in Turkey (Kdseoglu ef al., 2021),
40% in Saudi Arabia (Omer et al., 2021), and 50% in
Pakistan (Ali ef al., 2013). Mean parasite loads in semi-
engorged females (1.9 x 10* copies), followed by males
(2.8 x 10° copies). The difference was not statistically
significant.

Ticks are significant vectors of various pathogens
that transmit diseases to both humans and animals.

Their ability to transmit pathogens, known as
vector competence, is a complex trait influenced
by multiple factors, including the presence of
symbiotic microorganisms within their tissues. These
endosymbionts can establish diverse relationships with
their tick hosts, ranging from mutualistic to parasitic,
and can profoundly impact tick physiology, immunity,
and co-infecting pathogen development (Kolo and
Raghavan, 2023; Zhong et al., 2024). The result
indicated a significant relationship between 7. annulata
and Ca. M. mitochondrii. The parallel increase in their
densities indicates potential biological cooperation
within the tick host. Such correlation may reflect
metabolic or immunological associations that enable
both microorganisms to persist more efficiently and
refer to a complex symbiotic balance that influences H.
anatolicum pathogen dynamics.

To identify the potential interaction between FLE
and increased prevalence and density of 7. annulata,
Sesmero-Garcia et al. (2023) supported the hypothesis
that FLE may facilitate pathogen colonization.
Hussain et al. (2022) demonstrated a similar pattern
with increased Rickettsia prevalence in FLE-positive
ticks. Mechanisms may involve metabolic support,
host immune defense suppression, or gut environment
stabilization.

High humidity and mixed farming systems in Diwaniyah
may facilitate tick survival and enhance endosymbiont
prevalence, contributing to higher transmission of
Theileria. In mosquitoes, the associations between
Wolbachia and pathogens have shown both inhibitory
and facilitative effects depending on the strain.
Comparable complexity may exist in ticks, where FLE
could enhance rather than inhibit 7. annulata growth.
These findings have substantial epidemiological
implications for cattle production in Iraq. 7. annulata-
induced tropical theileriosis reduces milk yield,
weight gain, and fertility. Economic losses in South
Asia are estimated at US$800 million annually, with
untreated infection mortality rates reaching up to 40%
in susceptible herds (Sajid et al., 2018). In Iraq, Al-
Wasmee et al. (2024) documented reductions in milk
yield of approximately 20% in infected herds, whereas
Albayati et al. (2023) reported mortality exceeding
30% during outbreaks. The high prevalence of tick
infection demonstrated in the present study supports
the conclusion that cattle in Al-Diwaniyah remain
under constant exposure pressure and require sustained
surveillance and vector management.

Conclusion

Hyalomma anatolicum is the main cattle tick in
Al-Diwaniyah province, accounting for 86% of all
examined specimens. Molecular analysis confirmed
almost complete genetic similarity to H. anatolicum
populations from other regions. FLEs and Ca. M.
mitochondrii were highly prevalent, and females had
higher symbiont densities than males. 7. annulata
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was found in all samples, with the highest loads in
semi-engorged females. Statistical analysis revealed a
positive correlation between Ca. M. mitochondrii and
T annulata, indicating a possible biological association
that may support pathogen persistence. The findings
show the central role of H. anatolicum in transmitting
tropical theileriosis and point to microbiome-based
approaches as future strategies for controlling the
disease.
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