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ABSTRACT

Unfortunately, global warming, especially the global climate crisis,
increases the rate of vector-borne infections. Among the causes of
this infection are microorganisms in the Rickettsiales Order, which
are Gram-negative and small coccobacillus microorganisms that can
multiply within host cells and are dependent on their metabolism, in
addition to bacterial infections, protozoa such as Babesia spp. and
Theileria spp. are transmitted through vectors and cause serious
diseasesin animals. This study aimed to investigate the presence of
some vector-borne bacterial and protozoan microorganisms in blood
samples taken from cattle raised in Mugla province, located in the
West of Tirkiye, and to reveal relevant disease data for the region. In
this study, blood samples taken from 100 cattle were examined using
molecular methods. While Anaplasma phagocytophilum was detected
in 15 blood samples (15%), Anaplasma ovis agent was detected in
eight samples (8%). Anaplasma bovis agent (1%) was identified in
only one blood sample. In the samples examined within the scope
of the study, Ehrlichia and Rickettsia species from bacteria and
Theileria spp. and Babesia spp. from parasitic agents could not be
detected. Mugla province, located west of Tirkiye, has a subtropical
dry summer climate, so the probability of infections transmitted
through arthropods is high. Since the agents are transmitted through
ticks, conducting more studies on vector-borne diseases is essential.
This includes mapping the region’s vector ticks and determining
and evaluating the tick carrier and disease maps in cattle. The data
obtained is thought to help create regional and national vector-borne
disease maps.
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RESUMEN

Desafortunadamente, el calentamiento global, especialmente la
crisis climatica global, aumenta la tasa de infecciones transmitidas
por vectores. Entre las causas de esta infeccion se encuentran
microorganismos del Orden Rickettsiales, que son microorganismos
Gram negativos y cocobacilos pequenos que pueden multiplicarse
dentro de las células huésped y son dependiente de su metabolismo
las, ademas de infecciones bacterianas, protozoos como
Babesia spp. y Theileria spp. se transmiten a través de vectoresy
causan enfermedades graves en los animales. Este estudio tuvo
como objetivo investigar la presencia de algunos microorganismos
bacterianosy protozoarios transmitidos por vectores en muestras de
sangre tomadas de ganado criado en la provincia de Mugla, ubicada
en el oeste de Turquia, y revelar datos relevantes sobre enfermedades
paralaregion. En este estudio, se tomaron muestras de sangre de 100
bovinos y se examinaron mediante métodos moleculares. Mientras
que Anaplasma phagocytophilum se detect6 en 15 muestras de sangre
(15%), el agente Anaplasma ovis se detecté en ocho muestras (8%).
Elagente Anaplasma bovis(1%) fue identificado en una sola muestra
de sangre. Enlas muestras examinadas en el marco del estudio no se
pudieron detectar especies de bacterias como Ehrlichiay Rickettsia
y de parasitos como Theileria spp. y Babesia spp. La provincia de
Mugla, situada al oeste de Tirkiye, tiene un clima estival seco
subtropical, por lo que la probabilidad de infecciones transmitidas
a través de artropodos es alta. Dado que los agentes se transmiten
a través de las garrapatas, es esencial realizar mas estudios sobre
las enfermedades transmitidas por vectores. Esto incluye mapear las
garrapatas vectoras de laregiény determinary evaluar los mapas de
portadores de garrapatasy enfermedades en el ganado. Se cree que
los datos obtenidos ayudaran a crear mapas regionales y nacionales
de enfermedades transmitidas por vectores.
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INTRODUCTION

Vector-borne diseases have been increasing in recent years, and
global climate change and animal population movements are particularly
effective in spreading such diseases. These infections occur especially
in tropical and subtropical areas and are also seen in our country[1].

Microorganisms in the Order Rickettsiales, which cause infections
transmitted through arthropods, are small coccobacilli that can multiply
in host cells and show Gram-negative properties[2]. Rickettsia species
belonging to the Rickettsiaceae family and Anaplasma and Ehrlichia
species belonging to the Anaplasmataceae family, within the Order
Rickettsiales[3], are important pathogens for farm animals. They are
important for animal and public health because they contain some
species that can cause human infection [4]. They are bacteria that
settle in endothelial cells, immune system cells or erythrocytes, have
obligate intracellular properties and are transmitted through blood[5].
Anaplasmosis is a bacterial infection that causes serious economic
losses in animal husbandry and is also important for public health.
Transmission is caused by the genera Ixodes, Dermacentor, Rhipicephalus
and Amblyomma ticks. The infection is caused by Anaplasma spp. and
infects the red blood cells of vertebrates [6]. The agent is transmitted
biologically by ticks, mechanically by flies and contaminated materials.

The pathogenic species in cattle is A. marginale [7]. In addition to
this species, A. centrale, A. bovis, A. ovis, A. phagocytophilum and A.
platys cause infection defined as Anaplasmosis in cattle [8, 9, 10].
Ehrlichiosis is a disease caused by species of the Ehrlichia genus.
Ehrlichia species settle intracytoplasmically in the leukocytes of their
host[11]. Ehrlichiosis in cattle can be accompanied by fever, protruding
tongue, floppy ears, turning around, excessive chewing, decreased feed
consumption, conjunctival congestion and lymphadenitis symptoms
[12, 13]. Bovine Ehrlichiosis is mainly caused by E. ruminantium.
Transmission occurs from ticks of the genus Amblyomma, especially
A.variegatumand A. habraeum[12]. Forms of the disease that progress
with high mortality within a few hours in the peracute form and within
36-48 hours in the acute form have been reported[13].

Rickettsia genus bacteria has two main groups: the spotted fever
group and the typhus group. In humans, infections from the spotted
fever group can cause symptoms ranging from mild, like fever and
rash, to life-threatening, depending on the specific agent. In ruminant
animals, the infection tends to be self-limiting; therefore, Rickettsia
infection has not received much attention in these animals[14, 15].
The primary vector of diseases in the spotted fever group is infected
ticks. While various tick species of the Dermacentor, Rhipicephalus,
and Amblyomma genera serve as vectors for R. rickettsiiin America,
Rhipicephalus sanguineus has been associated with R. conorii in
Europe and the Mediterranean coasts, and Amblyomma ticks have
been associated with R. africae in Africa. In Asia, R. japonica has
been frequently isolated from various tick species belonging to the
Haemaphysalis, Ixodes and Dermacentor genera[16].

The most common protozoan diseases transmitted by vectors in
cattle are caused by Babesia and Theileria species[17, 18]. Babesiosis
is an important parasitic disease for both animal and public health
[19]. Babesia agents reproduce asexually within the erythrocytes of
mammals, and the erythrocytic forms are called piroplasm. Sexual
reproduction of the agent occurs in ticks in the Ixodidae family [20].
Bovine babesiosis is also commonly called Texas Fever or Blood
Urination Disease. Babesia bovis, B. bigemina and B. divergens species
cause clinical babesiosis in cattle [21, 22]. Babesia infections are
influenced by the host's age, immune system, co-infection status, and
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genetic factors. Symptoms of acute infection include fever, anemia,
hemoglobinuria, jaundice, weakness, lethargy, and anorexia, while
chronic infection may be asymptomatic [20, 23].

Theileriosis is caused by Theileria agents, which are obligate
intracellular protozoa mostly affecting ruminants and transmitted by
ticks. The infection process involves entering the agents into the host's
lymphocyte or macrophage cells, followed by asexual proliferation and
development into piroplasmic forms found in erythrocytes at a later
stage [24]. Theileria species are transmitted by ticks of the genus
Hyalomma, Rhipicephalus, Dermacentor, Haemaphysalis, Amblyomma
in the family Ixodidae, and ticks of the genus Ornithodorus in the family
Argasidae. Especially T. parva(East Coast Fever)and T. annulata(Tropical
theileriosis)are highly pathogenic species and can cause clinical disease
in cattle. Symptoms may vary depending on factors such as infection with
the pathogenic Theileria agent, tick infestation severity, other pathogen
infections, host'simmune system, age, race, and vaccination status[25].
The first symptom after a tick starts sucking blood is fever, followed by an
enlargement of the nearest lymph node. Later symptoms include loss of
appetite, increased heart rate, weakness, petechial bleeding, edemain
the lymph and eyelids, decreased milk yield, and jaundice[26]. Although
various studies have been conducted on the molecular epidemiology
of diseases caused by vector-borne Rickettsial pathogens in cattle in
Tlrkiye, there is still alack of information regarding these factors[1]. In
the Muglaregion, whichisincluded in the scope of the study, no studies
on these diseases in cattle were found. This study aimed to investigate
Anaplasma, Ehrlichia and Rickettsia, Babesia and Theileria species using
molecular methods in blood samples taken from cattle raised in Mugla
province, located in the west of Tirkiye.

MATERIALS AND METHODS

Sampling

Blood samples were collected from apparently healthy dairy cattle
between June and September 2023, when vector ticks were also
active. A total of 100 cattle (Bos taurus) blood samples taken from
11 different farms were used as material. Blood samples were taken
from the jugular veins of the animals into 10 mL tubes with di-sodium
ethylenediamine tetra-acetate (EDTA) under aseptic conditions.
Then, each blood sample collected was divided into sterile 1.5 mL
eppendorf tubes and stored at -20°C (Grundig, GRNE 4302, Tiirkiye)
until genomic DNA isolations were performed.

DNA extraction and molecular analysis

200 pL of blood was used to isolate genomic DNA(gDNA)from the blood
sample taken from each cattle. At this stage, analyses were performed
using a commercial kit (GeneJET Genomic DNA Purification Kit, Thermo
Scientific, Waltham, MA, USA)in accordance with the manufacturer’s
instructions. The gDNAs obtained were stored at -20°C until PCR analysis.

Three different multiplex-PCR reactions (Rxn) were performed
for bacteria A. centrale and A. marginale (Rxn1)[27], Ehrlichia spp.
and Rickettsia spp. (Rxn2)[28], A. capra, A. bovis, A. ovis and A.
phagocytophilum(Rxn3)(TABLE 1)[29]. Ready-made PCR mix was used
for multiplex PCR processes (DreamTaq Hot Start Green PCR Master
Mix, Thermo Scientific, Waltham, MA, USA). Rxn1was programmed as
follows: 3 minat 95°C, 10 s at 98°C, 30 s at 55 °C, 30 s at 72°C(35 cycles)
and a final extension at 72°C for 5 min. Rxn2 was programmed as
follows: 95°C for 1 min, 95°C for 30 s, 56 °C for 30's, 72°C for 30’ s
(40 cycles), and a final extension of 72°C for 7 min. Amplification
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TABLEI
Primer sequences used in molecular analyses of bacterial agents
. . Amplicon

Agent Oligonucleotide sequence size (bp)
Anaplasma F: CATGGGGCATGAATCTGTG 395
centrale R: AATTGGTTGCAGTGAGCGC

F: CATCTCCCATGAGTCACGAAGTGGC 761
Anaplasma R: GCTGAACAGGAATCTTGCTCC
marginale .

F: GCATTACAACGCAACGCTT 515-687

R: ACCTTGGAGCGCATCTCTT

Ehriichia s F: CAATAGCAAGAGCCAATG 145
pop- R: TTAGAAGATGCTGTAGGATG

Rickettsia s F: CAGACTTACCAAACTCAATC .
pp- R: TACGCAAGAACCCTTGGA

Anaplasma groE: TGAAGAGCATCAAACCCGAAG 874
capra

Anaplasma groE: CTGCTCGTGATGCTATCGG 529
bovis groE: GTGGGATGTACTGCTGGACC

Anaplasma msp4: ATGGGGAGAGATATCCGCGA 247
ovis msp4: TGAAGGGAGCGGGGTCATGGG

Anaplasma GAGTAATTGCAGCCAGGCACTCT

phagocytophilum  AGTGCTGAATGTGGGGATAATTTATCTCCGTG 172
16SrRNA: CTAATCTCCATGTCAAGGAGTGGTAAGGTTT

conditions for Rxn3 were performed under the following 5 min at 94°C,
30 s at 94°C, 30 s at 63°C, 1min at 72°C (35 cycles), and extension 1
min at 72°C conditions.

PCR was performed with specific primers Forward
3'-GACACAGGGAGGTAGTGACAAG-5" and Reverse 5'-
CTAAGAATTTCACCTCTGACAGT-3'[30], which amplify approximately
403 bais pair (bp) of the 18S ribosomal rRNA (V4 hypervariable region)
gene of Babesia spp. and Theileria spp. The reaction mixture should be
25 uL in accordance with the manufacturer’s recommendation; 12.5
uL of commercial master mix (DreamTaq Hot Start Green PCR Master
Mix, Thermo Scientific, Waltham, MA, USA) was prepared by adding
0.5 uM of each primer and 10-50 nanograms (ng) of genomic DNA
(gDNA). The thermal profile is 2 min at 95°C; 35 cycles, denaturation:
30 s at 95°C, binding: 30 s at 57°C, extension: 1 min at 72°C, and
final extension: 10 min at 72°C. The obtained PCR products were
subjected to electrophoresisin 1.5% agarose gel and visualised in a
UV transilluminator (Cleaver, Clear View, United Kingdom).

RESULTS AND DISCUSSION

Rickettsia spp. and Ehrlichia spp. could not be detected in all cattle
blood samples collected from 11 different farms. Bacterial agents
belonging to the Anaplasma genus were detected by molecular
methods in 7 cattle farms. At least one Anaplasma spp. agent was
detected in 18% of all cattle blood samples. While A. phagocytophilum
was detected in fifteen blood samples (15%), the A. ovis agent was
molecularly determined in eight samples(8%). Among these samples,
A. phagocytophilum and A. ovis bacteria were molecularly detected as
mixed infections in blood samples from six different cattle. A. bovis
agent(1%)was identified in a blood sample from cattle (FIGS. 1and 2).
Theileria spp. and Babesia spp. could not be detected in the samples
examined within the scope of the study. Information on bacterial
agents detected molecularly in blood samples is given in TABLE Il

TABLE IT
The microorganisms detected by molecular method in blood samples

Farm code  Sample no Bacterial agent

Anaplasma phagocytophilum

Al
Anaplasma ovis
A Anaplasma phagocytophilum
h Anaplasma ovis
A5 Anaplasma phagocytophilum
B1 Anaplasma bovis
B B3 Anaplasma ovis
B4 Anaplasma phagocytophilum
D D4 Anaplasma ovis
Anaplasma phagocytophilum
a Anaplasma ovis
E4 Anaplasma phagocytophilum
Anaplasma phagocytophilum
E = Anaplasma ovis
E8 Anaplasma phagocytophilum
E9 Anaplasma phagocytophilum
E12 Anaplasma phagocytophilum
E15 Anaplasma phagocytophilum
F F2 Anaplasma phagocytophilum
Anaplasma phagocytophilum
¢ Anaplasma ovis
© Anaplasma phagocytophilum
GS Anaplasma ovis
M M13 Anaplasma phagocytophilum

FIGURE 1. Gel electrophoresis image of Anaplasma phagocytophilum and Anaplasma
ovis. 1: Negative control; 2, 4, 5, 6: Positive samples (A. phagocytophilum and A.
ovis); 3: Negative sample; M: Marker DNA Ladder Plus
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FIGURE 2. Gel electrophoresis image of Anaplasma phagocytophilum and
Anaplasma bovis. 1: Negative Control; 3: A. phagocytophilum; 4: A. bovis; M: Marker
DNA Ladder Plus

Due to climate change, global warming and increased humidity have
enlarged the number of vectors, resulting in a rise in the incidence
of vector-borne infections. These infections adversely affect cattle
farming, causing economic losses by reducing productivity and
even resulting in deaths worldwide [31]. Vector-borne infections
can be detected through Giemsa-stained blood smear examinations
and serological tests. However, microscopic examination can be
misinterpreted, and serological tests can result in cross-reaction,
leading to inaccurate diagnoses. As an alternative to traditional
diagnosis, molecular techniques such as PCR are becoming more
widespread due to their higher sensitivity and specificity, providing
an accurate diagnosis[31, 32].

Anaplasma agents, clinically most evident in cattle but can also
infect other ruminant animals, are transmitted mechanically through
fly bites, ticks, and surgical procedures such as dehorning and
castration [33]. The main causative agent of bovine anaplasmosis
is A. marginale[33, 34, 35]. Cattle that recover from infection remain
permanently infected carriers and become a reservoir for other
cattle [35]. Acute anaplasmosis is diagnosed by finding positive
stained blood smears for infected erythrocytes. During this period,
there is a significant decrease in hematocrit due to anemia in the
first few days. In persistent infection, bacteria may not be detected
[36]. The persistence of the infection subclinically in the herd may
cause the infection to be overlooked, and therefore, anaplasmosis
control programs cannot be designed[35]. A. marginale infections are
endemic in Turkiye, and most animals are reservoirs for this infection
[37]. A. marginale does not cause human disease [33].

Other Anaplasma species that can cause anaplasmosis in
cattle are A. centrale, which causes a mild disease; A. bovis and A.
phagocytophilum, also known as tick-borne fever. A. phagocytophilum
is zoonotic. Congenital transmission of this agent to cattle has been
reported. The severity of symptoms that occur after alatent period,
such as fever, anemia, shortness of breath, loss of appetite, loss
of productivity, abortion or stillbirth, are related to factors like the
animal's immune status and co-infections [34]. In recent years,
research on vector-borne diseases has been ongoing in various
parts of the world. In a study conducted in Kyrgyzstan, the molecular
prevalence of Anaplasma spp. was determined to be 1.7%, and
the presence of A. centrale, A. phagocytophilum like-1and human
pathogenic new genotype A. capra agents was detected through
sequence studies of the 16S rRNA gene in cattle in this region [38].
In another study conducted on cattle in Thailand, 20.8% of the
blood samples were found positive for Anaplasma spp. by molecular
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methods, and of these 20.8%, were determined to be A. marginale
and 3.2% for A. platys. A. bovis agent was not detected [39]. In a study
conducted in China, 3.2% of 493 blood samples taken from dairy cattle
were found positive for Anaplasma spp.[40]. A study was conducted
in the northern region of Tirkiye's Black Sea to examine cattle blood
samples with molecular methods for Anaplasma agents. The results
showed that A. phagocytophilum was present in 30.8% of the samples,
A.marginalein18.8%, A. centrale in 18%, and A. bovis in only 0.7% of
the samples[41]. In another, more comprehensive molecular-based
study conducted with blood samples taken from cattle in the same
region of Turkiye, the presence of A. marginale, A. centrale, and A.
phagocytophilum agents was found at rates of 2.8%, 1.0%, and 1.0%,
respectively [42]. In a recent study covering 16 provinces, mainly in
the Central Anatolia and Southeastern Anatolia Regions of Tirkiye, A.
marginale was detected in 10.5% of the samples, A. phagocytophilum
in13.8%, A. bovis in 0.5%, and Anaplasma spp. in 2.9% [1]. In another
study conducted in Malatya, eastern Tirkiye, it was observed that the
most common species in cattle was A. marginale(32.5%), followed by
A. centrale(5.5%)and other Anaplasma agents[43]. Recent studies
conducted in Tlrkiye show that the molecular prevalence of this
pathogen in cattle is between 0% and 30.8% [1].

Consistent with these studies, in current study, the molecular
prevalence of A. phagocytophilum agents in the Mugla region was
determined to be 15%. Although there are studies on Anaplasma and
other tick-borne diseases in small ruminants and pet animals in the
Aegean Region provinces where this study was conducted [ 44, 45,
46, 47] studies on cattle are limited in our region. No research on this
subject has been found in Mugla. In a study conducted in Aydin region,
aprovince close to our region, it was found that A. phagocytophilum
species were found at a higher rate than A. marginale and A.
Centrale; A. marginale infections peaked in March and September,
and A. centrale infection started in March. It was determined that it
continued to increase until September and then decreased. The A.
phagocytophilum agent was detected reqularly without fluctuation.
Consistent with this study, the highest molecular prevalence in the
Mugla region was seen in A. phagocytophilum(15%). A. marginale and
A. centrale agents were not detected. It has been stated that this
situation may be due to the presence of the agents in the blood of
animals at varying levels depending on the months in the region or
due to the low prevalence of these agents in the region [48]. Since
current study was carried out on samples taken between June and
September, it was thought that the absence of A. marginale and A.
centrale agents when the previous study findings were examined
may be due to the lower prevalence of the relevant agents in the
summer months in the region. To have complete information about
the prevalence of diseases, it is necessary to evaluate the results by
sampling at reqgular intervals in the region over a broader period of
time and to conduct further research on the subject.

In the literature, A. ovis is stated as the main agent responsible
for the anaplasmosis of sheep and goats. Although the agent is not
associated with cattle [36], in current study, it was found to be a
mixed infection agent with A. phagocytophilum in 6 different samples
and as a single agent in 2 different samples more, than one agent can
commonly be detected in animals infested by more than one tick.
This situation may cause the severity of the disease to increase[49].
Similar results in the world and our country confirm the existence of
anaplasmosis due to A. ovis bacteriain cattle[40, 42]. In Tlrkiye, in the
Black Searegion, Aktas et al.(2011), in the 16S rRNA sequence analysis,
it was found that the sequence results of 3 samples from bovines were
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100% similar to A. ovis, the causative agent of sheep anaplasmosis
[42]. A. bovis, transmitted by Amblyomma and Rhipicephalus tick
species, causes subclinical disease in cattle [10]. Recent studies
conducted in Turkiye and around the world have revealed the presence
of A. bovisin cattle[1, 40, 50], but this agent was not found in cattle
in the study conducted in the Aydin region in our country. However, a
low rate of A. bovis agent carriers was determined from ticks collected
from animals [48]. A. bovis agent was detected at a low rate (1%) in
the blood samples examined in current study, which suggests that
it is parallel to this picture in the nearby region.

Babesia spp. and Theileria spp. were not detected in the blood
samples collected within the scope of this study. In Turkiye, similar
cases where the agents in question are negative have beenreportedin
different studies[51, 52]. In addition, tick-borne anaplasmosis agents,
unlike Babesia and Theileria agents, can be transmitted biologically by
ticks as well as mechanically by some blood-sucking flies[563]. This
may explain why blood samples are positive for anaplasmosis but
negative for Babesia spp. and Theileria spp. Tick samples collected
from cattle in Tlrkiye have been found to contain Ehrlichia spp. and
Rickettsia spp. according to a study by Ji et al. (2022)[54]. There
is insufficient research on Rickettsial disease in cattle in Turkey. In
arecent study, Ceylan et al. (2024) reported E. minasensis for the
first time with a prevalence rate of 0.5% (55). 51 tick species have
been identified in Tlrkiye due to suitable climatic conditions and
abundant wild and domestic animals [54]. Seasonal variation of ticks
depends on the breed. Rhipicephalus and Hyalomma species are found
in spring, summer and autumn, while Dermacentor, Hemaphysalis,
Ixodes and Ornithodoros species are found in autumn, winter and
spring. Dermacentor, Haemaphysalis, Hyalomma, Ixodes, Rhipicephalus
(Boophilus)tick genera are commonly found throughout Tlrkiye [ 36,
54]. In a study conducted in the west of Tlirkiye and in the region
where the samples were collected in current study, tick genera
and species were defined according to months, and in the period
between June and September, when the samples were collected in
current study, it was determined that Hyalomma species, especially H.
marginatum, were present at a higher rate, and Rhipicephalus genus
ticks were found at a lower rate[56]. The occurrence and severity of
these tick-borne diseases are associated with many factors, including
seasonal or artificially induced fluctuations in the tick population
and the resulting immune status of affected cattle [57]. In a study
conducted in northern Tirkiye [68], the region was grouped and
examined according to climate characteristics and different carrier
rates were determined in the same tick species. Different studies
report tick-borne disease cases with different prevalences. This may
be due to the change in vector population due to changing climate
conditions or the agent carrier feature of tick species. Therefore,
considering global climate change, it isimportant to prepare up-to-
date possible disease maps at the regional level by conducting more
research on vector-borne diseases, vector diversity, seasonal vector
distributions, and the agent carrier rates of these vectors.

CONCLUSION

These infections, both bacterial and protozoan, have been
increasing in recent years, and global climate change and animal
movements have a significant impact on the spread of such infections
in farm animals. Studies have shown that these infections, which
have been found to cause significant economic losses in cattle,
are accompanied by fever, hemolytic anemia, abortion in pregnant
animals and, in some cases, death. Mugla province, located in the

west of Tirkiye, has a subtropical dry summer climate; therefore, the
probability of infections transmitted through arthropods is high. Since
the agents are transmitted through ticks, it is important to conduct
more studies on vector-borne diseases, create maps of vector ticks
in the region, and determine and evaluate tick carriers and existing
disease maps in cattle. The data obtained is thought to be useful in
creating regional and national vector-borne disease maps.
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