doi: 10.30934/kusbed.895438 e-1SSN: 2149-8571

Kocaeli Universitesi Saghk Bilimleri Dergisi
Ozgiin Arastirma / Original Article

http://dergipark.gov.tr/kusbed

FIRST MOLECULAR DETECTION AND PHYLOGENETIC ANALYSIS OF ANAPLASMA
PHAGOCYTOPHILUM IN HORSES IN MUS PROVINCE OF TURKEY

TURKIYE 'NIN MUS ILINDE ATLARDA ANAPLASMA PHAGOCYTOPHILUM UN ILK MOLEKULER
TESPITI VE FILOGENETIK ANALIZI

HIRE Bekir Oguz ™

Van Yuzuncu Yil University, Faculty of Veterinary Medicine, Department of Parasitology, Van, Turkey

ORCID iD: Bekir Oguz: 0000-0001-8720-3940

*Sorumlu Yazar / Corresponding Author: Bekir Oguz e-posta / e-mail: bekiroguz@yyu.edu.tr

Gelis Tarihi / Received: 11.03.2021 Kabul Tarihi / Accepted: 09.08.2021 Yayim Tarihi / Published: 31.10.2021

Abstract

Objective: Equine granulocytic anaplasmosis (EGA) caused by Anaplasma phagocytophilum is a disease that generally develop characteristic
high fever and a number of changes in blood such as thrombocytopenia. The main transmission of A. phagocytophilum is hard ticks through
intrastadially. The aim of this study was to determine the presence of A. phagocytophilum in horses in Mus province of Turkey by using molecular
methods.

Methods: In the present survey, blood samples were collected in Mus province from 93 horse. Commercial ELISA kit (IgG) and nested-PCR were
performed. The DNA was extracted from blood and analysed by nested-PCR technique targeting 16S rRNA gene of A. phagocytophilum and then
positive PCR products were sequenced.

Results: The seroprevalence against A. phagocytophilum was 8.6% and 6 horses (6.4%) showed positive nested-PCR results. The sequences had
99.5 and 100% homology with the BLAST published A. phagocytophilum amplicons.

Conclusion: To the best of our knowledge, this is the first molecular data of A. phagocytophilum in horses in Mus province of Turkey. This study
also reveals that A. phagocytophilum isolates isolated from a small region are closely related to A. phagocytophilum isolated from a wide variety of
hosts.
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Oz

Amag: Anaplasma phagocytophilum'un neden oldugu equine graniilositik anaplasmosis (EGA), genellikle karakteristik yiiksek ates ve
trombositopeni gibi kanda bir dizi degisiklik gelistiren bir hastaliktir. A. phagocytophilum' un biyolojik bulagmas intrastadial yolla sert keneler
tarafindan yapilmaktadir. Bu caligmanin amaci, Tirkiye'nin Mus ilinde atlarda A. phagocytophilum varliginin molekiiler yontemlerle
belirlenmesidir.

Yontem: Bu calisma i¢in Mus ilinde bakilan 93 attan kan ornekleri alindi. Ticari ELISA kiti (IgG) ve nested PCR yapildi. DNA’lar kandan
ekstrakte edildi ve A. phagocytophilum'un 16S rRNA genini hedef alan nested PCR teknigi ile analiz edildi. Daha sonra pozitif PCR iiriinleri
sekanslandi.

Bulgular: A. phagocytophilum'a karsi seroprevalans % 8,6 bulunurken, 6 atin (% 6,4) nested PCR sonuglar1 pozitif bant gosterdi. Elde edilen
sekanslar, BLAST tarafindan yayinlanan A. phagocytophilum amplikonlar ile %99,5 ve %100 benzerlik gosterdi.

Sonug: Yaptigimiz literatiir taramalarina gore bu ¢aligma, Tirkiye'nin Mus ilinde atlarda A. phagocytophilum'un ilk molekiiler verisidir. Ayni
zamanda, kiigiik bir bolgeden izole edilen A. phagocytophilum izolatlarinin, ¢ok ¢esitli konakgilardan izole edilen A. phagocytophilum ile yakindan
iligkili oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Anaplasma phagocytophilum, atlar, filogeni, Tiirkiye, PZR, Mus
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Introduction

Tick-borne diseases (TBDs) are an increasingly outstanding
health problem in all over the world, including Turkey.
Some TBDs, particularly babesiosis, theileriosis and
anaplasmosis are known to be prevalent in several
geographic range of Turkey! Among these, anaplasmosis is
caused by six species (Anaplasma bovis, A. ovis, A.
marginale, A. centrale, A. phagocytophilum and A. playts).?
Anaplasma phagocytophilum is found infected eukaryotic
host cells such as neutrophils and eosinophilic granulocytes.
Its is the main causative agent for equine granulocytic
anaplasmosis (EGA). This pathogen also infects cats, dogs,
wild carnivores, wild and domectic ruminants, rodents, and
humans. The occurrence of A. phagocytophilum was found
closely related to the distribution of the mainly vector Ixodes
spp ticks® In Turkey, Ixodes ricinus, Haemaphysalis
sulcata, and Rhipicephalus bursa seems to be the only three
vector

PCR technology based on genetic information have proved
extremely useful for the diagnosis of EGA.2 In recent years,
msp4, ankA, 16S rRNA, groESL, msp2 (P44) and gltA
genes are used to detect A. phagocytophilum infections.>82°
On account of the fact that the 16S rRNA is a limited and
preserved function gene has been more widely used in
defining this agent.’® Recently, a 16S rRNA nucleotide
sequences investigation reported a new rickettsial genotype
in horses in southern and eastern Europe.'! Moreover, this
gene (EC9/EC12a and SSAP2f/SSAP2r primer set) is quite
accurate for the diagnosis of A. phagocytophilum DNA in
ruminants and ticks.?

Some studies conducted in Turkey have been reported DNA
positivity for A. phagocytophilum in dogs, cattle, sheep and
tick. Its has been also detected by serologic methods in mice
and human On the other hand, a report is available on the
detection of A. phagocytophilum in horses from Nevsehir
province using IFAT, but the study lacks sequence
analysis.'® Therefore, this study was aimed at the molecular
identification ~and  phylogenetic  analysis of A.
phagocytophilum in horses in Mus province of Turkey.

Methods

Sample collection

The study materials were blood samples collected from 93
healthy horses ranging in Mus province (39°29'28.29"N
41°06'41.47"E) of Turkey in June-August 2017 but was not
found in any tick species.® Whole blood samples were
collected from the vena jugularis of the horses into EDTA
tubes and serum tubes according to the technique, and the
data on the animals were recorded with protocol numbers.
The serum tubes were centrifugated at 3000 rpm for 15 min
and sera were separated. Both sera and blood EDTA tubes
were stored at -20°C until the time for serological and
molecular analysis.

ELISA (Enzyme-Linked ImmunoSorbent Assay)
Samples were screened for IgG against A. phagocytophilum
using commercially available ELISA assay from
EUROIMMUN, Germany (Catalog no: EI 220m-9601 GE).
This test detects antibodies from both active infection and
previous exposures to the pathogen and has high sensitivity
(100%) and specificity (90%).
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DNA extraction and Nested-PCR amplification

Genomic DNA was obtained from the blood samples
collected from the horses by using a commercial blood kit
(EcoSpin Blood Genomic DNA Kit, Turkey). For the
detection of A. phagocytophilum, primers targeting the 16S
rRNA gene were selected from the literature. Nested PCRs
(nPCR) were performed using the EC9/ EC12a primers,
which amplify a 1462 bp fragment, and SSAP2f/ SSAP2r,
which amplify a 641 bp fragment.** PCR was carried out in
a final volume of 25 uL, containing 7.5 pL DNase- and
RNase-free sterile distilled water (Biobasic, Canada), 10 pL
5X MyTaq Reaction buffer (Bioline, USA), 1 puL of each
primer (20 pmol), 5 pL of template DNA (100-200 ng), and
0.5 pL of Taq DNA polymerase recombinant (5 U/uL)
(Thermo Scientific, USA).

A. phagocytophilum DNA from Genekam Biotecnology
Company (Germany) validated by sequencing (Accession
no. MW642479) was used as a positive control, and sterile
water was used as the blank control for each run. The
cycling conditions for the first and second round
amplification involved 3 min of denaturation at 95 °C, 35
cycles at 95 °C for 30 s, annealing for 30 s at a temperature
dependent on the primers applied (50 °C and 54°C,
respectively), and 72 °C for 1 min, with a final extension
step at 72 °C for 5 min. PCR products were electrophoresed
(Biorad, USA) in 1.5% agarose in Tris-acetate-EDTA
(TAE) buffer and stained with ethidium bromide (Sigma-
Aldrich, St-Louis MO, USA) to visualize the amplified
DNA fragments with gel documentation system (Avegene,
Taiwan).

Sequence analysis

The PCR products and primers coding the 16S rRNA gene
region were properly packaged and sent to the Sentebiolab
Company (Ankara) for performing DNA sequence analysis.
The sequence chromatograms were checked and arranged
using Bioedit software.’> The final consensus sequences of
our isolates were subjected to the “BLAST analysis”
(http://www.ncbi.nlmn.nih.gov/BLAST) in the GenBank
Database, and their similarity rates were compared with the
isolates reported from different countries and hosts. Genetic
distances were calculated using the Kimura 2 parameter
model in MEGA 7.0. The 16S rRNA phylogenetic analysis
data set was formed from the nucleotide sequences of 35
isolates in total. Babesia canis was used as the “out-group.”
The phylogenetic analyses and tree creation were carried out
using the "maximum likelihood" method on MEGA 7.0
software with 1000 bootstrap replicates.’® The nucleotide
sequences obtained in the study were recorded in the
GenBank with the accession numbers of MW642476-
MW642478.

Statistical analysis

Statistical evaluation was carried out by the chi-squared and
Fisher’s exact test (SPSS 22 program) to analyze the results
of seroprevalence and molecular in relationship to age,
gender and breed of horses. P-values of less than 0.05 were
considered significant.

Results

Eight (8.6%) of the 93 sera examined were seropositive in
terms of equine granulocytic anaplasmosis, using ELISA
method. There were no statistically significant differences
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between age, gender and breed horses (for both molecular
and serological results) (Table 1). The results of nested PCR
of DNA showed 6.4% (6/93) of horses were positive to A.
phagocytophilum (Figure 1). None of the 6 PCR positive
horses were seropositive for A. phagocytophilum. We
amplified three PCR products of the 16S rRNA for
sequencing analysis. At the same time, our positive control
was sequenced (MW642479). The three isolates
(MW642476, MW642477 and MW642478) showed 100%
similar nucleotid with each other. The our isolates
MW642476, MW642477 and MW642478 most closely
related to the isolate detected in red deer from Poland
(GQ450278) and in dog from South Africa (MK814406)
(according to BLASTN analysis).

Phylogenetic analysis based on the 16S rRNA sequences
showed that A. phagocytophilum comprised of two clades
have emerged that are very sharply separated from each

Anaplasma phagocytophilum in Horses in Mus Province

other (Figure 2). Clade 1 involved isolates from several
hosts, including horses, sheeps, cats, human, dogs, goats,
Brown rat,

cattle and ticks and this sequences identified with together
the our three isolates and showed genetic affinity. Four
sequences obtained in South Korea (cat, cattle and horse
comprised for host, respectively) and Tunisia (horse)
classified as clade 2 and were quite diverge from the isolates
in our study. The current study sequences didn’t form a
separate clade. Hence, they showed similar homology
among themselves. This configuration could be a sign of
different adaptation of the patogen to the environment
(geographic zones, ticks, hosts). If we compared our isolates
and clade 2, there were distinct differences in numerous
nucleotide sequences (Figure 3), pairwise distances were
most 0.587.

Table 1. Epidemiological data according to serological and molecular results

Study ELISA NPCR positive
population positive horses horses
N=93 N=8 (%0)* N=6 (%)*
Age (years)
1-3 11 0 0
4-9 69 7 (10.1) 5(7.2)
>10 13 1(7.7) 1(7.6)
Gender
Female 57 3(5.2) 4(7)
Male 36 5(13.9) 2 (5.5)
Breed
Mixed-breed 50 3 (6) 5(10)
Arabian Horse 39 4 (10.3) 1(2.5)
British Horse 4 1(25) 0
Total 93 8 (8.6) 6 (6.4)

*p=>0.05; statistically insignificant
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Figure 1. Anaplasma phagocytophilum positive samples on agarose gel at the 2nd step of the Nested PCR analyses. M: Marker
(100bp), 50/112/132/104/107/106/: Positive samples, PC: Positive control, NC: Negative control
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A. phagocytophilum (Goat Germany MK542837)
A. phagocytophilum (Dog Tunusia KX702386)
A. phagocytophilum (Sheep China KU321304)
A. phagocytophilum (Human USA NR 044762)
A. phagacytophilum (Horse USA AF172166)
A. phagocytophilum (Horse Sweden AY527213)
A. phagocytophilum (Goat China HQ872464)
A. phagacytophilum (Tick China JN330106)
A. phagocytophilum (Tick Austria JX173852) E> Cladel
A. phagacytophilum (Tick USA KP276588)
A A phagocytaphilum (Harse Present Study MW642477)
A. phagocytophilum (Tick Turkey KU25347)
A. phagocytophilum (Goat China KP0B2963)
A. phagocytophilum (Dog South Africa MK814406)
A. phagocytophilum (Red deer Poland GQ450278)
A A phagocytophilum (Horse Present Study MWB42476)
A A phagocytophilum (Horse Present Study MWB42478)
J-A, phagocytophilum (Brown rat China KC470064)
A. phagacytophilum ( Cattle China KF563910)
A. phagocytophilum (Dog Japan LC334014)
A. phagocytophilum (Striped Field Mouse South Korea KR611718)
A. phagocytophilum (Dog Iraq MN453475)
A. phagocytophilum (Tick Turkey MH715376)
A. phagocytophilum (Sheep Turkey MT337508)
A. phagacytophilum (Cat South Korea KR021165)
7 1A phagocytophilum (Cattle South Korea MF787269) |:> Clade )
A. phagocytophilum (Horse South Korea MH734246)
A. phagocytophilum (Horse Tunisia JX121264)
A. platys (Dog India MW440530)
A, platys (Tick China MH762083)
A.bovis (Tick China MN044717)
A. ovis (Tick Iran MK310478)
e A marginale (Cattle Vietnam MHE86044)
A. centrale (Camel Iraq MH588232)

6

-
1

s
=~

S

Babesia canis (MNG25831)

0.1

Figure 2. Maximum likelihood phylogenetic tree of A. phagocytophilum 16S rRNA gene sequences with 1,000 bootstrap
replicates. Babesia canis isolate as outgroup (MN625891) used. Isolates from this study are indicated with a triangle round. Scale
line shows the nucleotide change per site.
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(Horse, Present Study, MW642477 CTAACGCGTT AAGCACTCCG CCTGGGGACT ACGGTCGCAA GACTAAAACT CAAAGGAATT GACGGGGACC CGCACAAGCG GTGGAGC

(Horse, Present Study, mwe42476
(Horse, Present Study, Mwe42478

(Horse, South Korea, MH794246) .T7..G---C T.GTT.GTAG .GTAAA.G.. TA.CA.G... A..ATCT

(Cat, South Korea, KR021165) A.. T.7.G..ATT AGAT.A.C.. .T.T. . ..T..G---C T.GTT.GTAG .GTAAA.G.. TA.CA.G... A..ATCT

(Horse, Tunisia , JX121284) GGG.AAGA.. T.T.G..ATT AGAT.A.C.. .T.T. . ..T..G---C T.GTT.GTAG .GTAAA.G.. TA.CA.G... A..ATCT

(Cattle, South Korea, MF787269 GGG.AAGA.. -.T.G..A.A TGAT.A.C.. .T.T. T..G---C T.GTT.GTAG .GTAAA.G.. TA.CA.G... A..ATCT
n 20 2 0 250 260 m 200

(Horse, Present Study, MW642477 CGATGCAACG CGAAAAACCT TACCACTCCT TGACATGGAG ATTAGATCCT TCTTAACGGA AGGGCGCAGT TCGGCTGGAT CTCGCAC
(Horse, Present Study, MW642476
(Horse, Present Study, MW642478

(Horse, South Korea, MH794246) T..GAGG.T .TC.G..A C..TGGAA.. -..G..ACG. TCC...CT.C G...C..... GG A.. A.T.GC

(Cat, South Korea, KR021165) T..GAGG.T .TC.G..A C..TGGAA.. -..G..ACG. TCC...CT.C G...CA..... GG..---A.. A.T.G

(Horse, Tunisia , JX121284) T..GAGG.T .7C.G..A C..TGGAA.. -..G..ACG. TCC...CT.C (] AR GG..---A.. A.T.G

(Cattle, South Korea, MF787269 T..GAGG.T .TC.G..A C..TGGAA.. -..G..ACG. TCC...CT.C G...CA..... GG A.. A.T.G
no 20 10 uo %0 60 m 300

(Horse, Present Study, MW642477 CTGTCGTCAG CTCGTGTCGT GAGATGTTGG GTTAAGTCCC GCAACGAGCG TAACCCTCAT CCTTAGTTGC CAGCGGGTTA AGCCGGG
(Horse, Present Study, MW642476
(Horse, Present Study, MW642478

(Horse, South Korea, MH794246) AP-C..v s A..C..C .T..G--..A .GA.G.C.TT G.GTT. ...AA...T. T.--...A.- -G.AA.A.A. T.A...T

(Cat, South Korea, KR021165) Ar-Cc. o A..C..C .T..G--..A .GA.G.C.TT G.GTT. ...AA...T. T.--...A.- -G.AA.LA.A. T.A...T

(Horse, Tunisia , JX121284) Ar=C. .. .. A..C..C .T..G--..A .GA.G.C.TT G.GCT. ...AA...T. T.--...A.- -G.AA.A.A. T.A...7

(Cattle, South Korea, MF787269 AT-C... .. A..C..C .T..G--..A .GA.G.C.TT G.GTT. ...AA...T. T.--...A.- -G.AA.LAA. T.A...T
a 20 1 w“w 50 0 n @

(Horse, Present Study, MW642477 CTGCCAGTGG TAAACTGGAG GAAGGTGGGG ATGATGTCAA GTCAGCACG- GCCCTTATGG GGTGGGCTAC ACACGTGCTA CAATGGT
(Horse, Present Study, MW642476
(Horse, Present Study, MW642478

(Horse, South Korea, MH794246) G.C..G.CAA ACTC.GT.CC AGCA.CC.C. G.A..ACGG. .GGG...A.C .TTG..CG.A AT.ATTGGG. GT.AAG.GC. TGTA..C

(Cat, South Korea, KR021165) G.C..G.CAA ACTC.GT.CC AGCA.CC.C. G.A..ACGG. .GGG...A.C .T7G..CG.A AT.ATTGGG. GT.AAG.GC. TGTA..C

(Horse, Tunisia , JX121284) G.C..G.CAA ACTC.GT.CC AGCA.CC.C. G.A..ACGG. .GGG...A.C .T7G..CG.A AT.ATTGGG. GT.AAG.GC. TGTA..C

(Cattle, South Korea, MF787269 G.C..G.CAA ACTC.GT.CC AGCA.CC.C. G.A..ACGG. .GGG...A.C .T7TG..CG.. AT.ATTGGG. GT.AAG.GC. TGTA..C
0 520 530 (71] 550 560 70 580

(Horse, Present Study, MW642477 TGCAATGTCG CAAGGCTGAG CTAATCCGTA AAAGTCATCT CAGTTCGGAT TGTCCTCTGC AACTCGAGGG CATGAAGTCG GAATCGC
(Horse, Present Study, MW642476
(Horse, Present Study, MW642478

(Horse, South Korea, MH794246) .A-..G..GA A.T.C.A.G. ..T.A..C.G G.GC.GC.T. T.A. .C ..C.AGACTA G.G..CG..A G.G..TAG.. .... C.
(Cat, South Korea, KR021165) A-..G..GAA.T.C.AG. ..T.A..C.G G.GC.GC.T. T.A. .C ..C.AGACTA G.G..CG..A G.G..TAG.. .... C.
(Horse, Tunisia , JX121284) .A-..G..GA A.T.C.A.G. ..T.A..C.C G.GC.GC.T. T.A. .C..CA

(Cattle, South Korea, MF787269 .A-..G..GA A.T.C.A.G. ..T.A..C.G G.GC.GC.T. T.A. .C ..C.AGACTT G.G..CG.AA G.G..TAG.. .... C.

Anaplasma phagocytophilum in Horses in Mus Province

Clade 2

Clade 2

Clade 2

Clade 2

Figure 3. Multiple alignments of the primers designed from 16S rRNA gene region of our isolates A. phagocytophilum with the

other A. phagocytophilum (especially Clade 2) sequences from GenBank.

Discussion investigation of other tick species

transmitting  A.

phagocytophilum in Turkey should be further executed.

In this study, A. phagocytophilum was detected in horses for
the first time in Mus province of Turkey by molecular
methods. In addition, we detected a low prevalence of this
patogen. The incidence of A. phagocytophilum may be
associated with predominantly tick distribution or
asymptomatic  animals. The information on the
epidemiology of the potential tick vectors is unclear in the
Turkey. It has been detected in three species of ticks (I.
ricinus, H. sulcata, and R. bursa) so far.* The present study,
tick was not detected in any horse sample. Hence, the

KOU Sag Bil Derg., 2021;7(3):312-318

A. phagocytophilum 1gG antibodies have been detected in
horses in Turkey (8.57%).% Our result was found to be
approximately equal with the above report (8.6%). There
were no statistically significant differences between genders
(p>0.05). Similarly, M’ghirbi et al.'” and Laamari et al.'8
reported that no significant differences in seroprevalence
according to gender. On the contrary, there are previous
studies reporting that higher seroprevalence in females than
in males.*®® Therefore, we assume that seroprevalence may
be related to the housing and lifestyle of horses. British
Horse proved to be the breed with the highest
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seroprevalence but we think that it does not provide an
accurate epidemiological data for a total of four horses. The
seroprevalence was significantly higher in 4-9 year-old
horses in comparison to the other age groups. Though, the
difference was not statistically significant (p>0.05).
Surprisingly, there is also a study in which young animals
were infected at a higher rate.’® It is in accordance with
other studies indicating that older animals were more
frequently infected than young animals.??! These horses
likely have been exposed to ticks contaminated with A.
phagocytophilum for a longer period of time.

Investigating whether 1gG antibodies have been formed for
A. phagocitophylum offers an excellent screening method to
detect the seroprevalence of pathogens. Immunologic
studies with A. phagocitophylum demonstrated that first
antibody titers against this pathogen occur after 19 days. In
this case, the importance of molecular methods is revealed
once again for earlier diagnosis.?*% A. phagocytophilum
DNA was detected by nested PCR in 6 blood samples
among 93 tested horses (6.4%). The molecular prevalence
observed in the horse population in present study is
substantially lower than the prevalence (19.6%) lately
observed among small ruminants living in the same
geographical region.?* These small ruminants may have
poteantially played a role in distribituon of the patogen such
as vectors.

It has been reported that the GroEL and msp2 genes could
separately describe A. phagocytophilum.?®> Several studies
have demonstrated that the pathogenicity or genotype of A.
phagocytophilum would be determined especially by using
the groEL gene region.® %628 |n the present study, we
couldn’t unable to replicate horses DNA using groEL
fragment, in this way, we couldn’t classify A.
phagocytophilum with regard to genotype. The isolates
belonging to clade 1 were most closely related to the isolate
detected in dog from South Africa (MK814406).
Researchers identified the isolate obtained from the dog in
South Africa as a new variant "Aph1/GItA".% These results
demonstrate that A. phagocytophilum identified in horses in
this study might be Aphl/GItA sequence variant. In this
regard, there is a need to further study.

Conclusion

This is the first study to report molecular detection and
phylogenetic analysis of A. phagocytophilum in horses in
Mus province of Turkey. Our findings indicated that there
was quite a change genetic mutability by comparison to the
isolates of A. phagocytophilum circulating in the South
Korea and Tunisa. Further studies are needed to research
both the tick vectors and different host of this pathogen
which has zoonotic potential.
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