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Abstract. The objectives of our study were to survey the prevalence of genetic markers for Rickettsia spp., Ehrli-
chia spp., Anaplasma spp., Babesia spp., and Theileria spp. in Hyalomma anatolicum ticks collected in southwestern
Tajikistan and to perform sequencing and phylogenetic analysis of fragments of the 16S rRNA gene and groESL ope-
ron from Ehrlichia spp. and fragments of the 18S rRNA gene of Theileria spp. detected in H. anatolicum ticks. Hya-
lomma anatolicum ticks collected in the Tursunzade and Rudaki districts of Tajikistan were tested for DNA of Rickett-
sia spp., Ehrlichia spp., Anaplasma spp., Babesia spp., and Theileria spp. by PCR with specific primers. The amplified
fragments were sequenced and analyzed. DNA of Ehrlichia spp. (3.3 %) and Theileria spp. (3.3 %) was detected only
in H. anatolicum ticks collected from the Rudaki district, and DNA of Ehrlichia spp. (0.7 %) was found in H. anatoli-
cum ticks from the Tursunzade district. Sequence analysis of fragments of the 16S rRNA gene and groESL operon
from Ehrlichia spp. revealed high similarity to Ehrlichia spp. The Tajik isolates of Theileria spp. were genotyped as
Theileria annulata based on the analysis of 18S rRNA gene sequences. The phylogenetic analysis demonstrates that
Ehrlichia spp. isolates are highly similar to Ehrlichia spp. circulating in China and Brazil. The isolate Tajikistan-5 is
closely related to the putative novel species Ehrlichia mineirensis. The Tajik isolates of Theileria spp. were clustered
with T. annulata isolates from Turkey, Iran, Pakistan, and China by phylogenetic analyses.
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AHHoTayus. ViccnegoBaHo Hanmuve reHeTMyeckoro matepuana Rickettsia spp., Ehrlichia spp., Anaplasma spp.,
Babesia spp. v Theileria spp. B knewax Hyalomma anatolicum, cobpaHHbIX B l0ro-3arnagHom Yact TagKnKncTaHa, ¢
nocneayloLwyM CEKBEHNPOBaHNEM U prnoreHeTNYeCKM aHannsom ¢parmeHToB 16S pPHK reHa n groESL onepoHa
ana Ehrlichia spp. n dparmeHTa reHa 18S pPHK gna Theileria spp., 06Hapy»eHHOro B M3y4YeHHbIX Krewlax. Knewm
H. anatolicum 6binn cobpaHbl B paioHax TypcyH3age v Pygakm 1 nccnefaoBaHbl C MCNOb30BaHNeEM cneunduyHbIX
npaimepos ¢ nomouybto MLP Ha Hanuure reHeTMyeckoro matepuana Rickettsia spp., Ehrlichia spp., Anaplasma spp.,
Babesia spp. v Theileria spp. BoineneHHbie MLP-pparmeHTbl reHoB 16S pPHK, groESL onepoHa n 18S pPHK 6binu
CEKBEHMPOBaHbI 1 MpoBeAeH NX GUIIOTeHETUYECKNI aHaNn3 C LEeNblo FTeHOTUMNMPOBaHNA OOHAPYKEHHbIX 130-
NATOB KnelleBblX NaToreHoB. B knewax, cobpaHHbIX B palioHe Pypaku, obHapyxxeHa OHK Ehrlichia spp. (3.3 %) n
Theileria spp. (3.3 %), a B TypcyH3ape — OHK Ehrlichia spp. (0.7 %). CekBeHnpoBaHue pparmeHToB reHa 16S pPHK n
groESL onepoHa Ehrlichia spp. noka3ano BbICOKMI YPOBEHb FOMOSIOTMN HYKNEOTUAHON NOCIeA0BaTENbHOCTY C U3-
BECTHbIMW nocnegoBatenbHocTAMKU Ehrlichia spp. Tagukckne nsonatol Theileria spp. 6binn reHOTUNMPOBaHbI Kak
Theileria annulata Ha ocHOBe aHanm3a nocnefoBaTeNbHOCTU reHa 18S pPHK. OunoreHeTuyecknii aHanys nokasarn,
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YTO TafpKUKCKMe n3onatel Ehrlichia spp. oueHb 6n13kn ¢ usonatamu Ehrlichia spp., umpkynupytowmmn B Kntae n
Bpasunun. N3onat Tajikistan-5 knactepusyetca ¢ npegnonaraemMbiM HOBbIM BUAOM Ehrlichia mineirensis. Tapgxunk-
cKkune n3onAatbl Theileria spp. 6bIIN reHeTUYECKN CXOXM C BapuaHTamu T. annulata, unpkynupyowmumm B Typumun,

WpaHe, Maknctaxe n Knutae.

KnioueBble cnosa: Hyalomma anatolicum; kneweble undekunw; Ehrlichia spp.; Theileria spp.; TapKMKNCTaH.

Introduction

Ixodid ticks transmit various pathogens to both humans and
animals in Asia (Tishkova et al., 2012; Wu et al., 2013).
Twenty-three species of ixodid ticks have been described in
this region of Central Asia, with the predominant ixodid tick
species being Hyalomma anatolicum Koch, 1844 (Rasulov,
2007). The Crimean-Congo hemorrhagic fever, Sindbis, and
Wad Medani viruses were previously detected in ixodid ticks
in Tajikistan and other Asian countries (Begum et al., 1970;
Gresikova et al., 1978; Petrova et al., 2013). Hyalomma ana-
tolicum ticks are also known to transmit bacterial and parasite
infections such as Lyme disease, babesiosis, piroplasmosis,
theileriosis, and anaplasmosis (Tishkova et al., 2012; Wu et
al., 2013). Theileria annulata (Piroplasmida: Family Theileri-
idae, Genus Theileria) is the causative agent of theileriosis in
domestic animals, which is transmitted by 15 species of ixodid
ticks of the genus Hyalomma (Robinson, 1982). Ehrlichia spp.
(Family Anaplasmataceae, Genus Ehrlichia) are intracellular
Gram-negative bacteria, ecologically associated with ixodid
ticks and their animal hosts (Parola et al., 2001). The patho-
genicity to domestic and wild animals, as well as to humans,
has been demonstrated in Ehrlichia canis, E. chaffeensis,
E. ewingii, E. muris and E. ruminantium (Aguiar et al., 2014;
Cabezas-Cruz et al., 2014). Currently, there are no published
studies on genetic markers and genotyping of Rickettsia spp.,
Ehrlichia spp., Anaplasma spp., Babesia spp., and Theile-
ria spp. in H. anatolicum ticks in Tajikistan.

The objectives of this study were to survey the prevalence
of genetic markers for these tick-borne infections in H. ana-
tolicum ticks collected in southwestern Tajikistan, and to
perform sequence and phylogenetic analysis of Ehrlichia spp.
and Theileria spp. detected in the ticks.

Materials and methods

Tick harvesting. Adult ticks were collected from domestic
animals in several villages of the Rudaki district (Somoniyon
N 38°26"27", E 68°46'28") and the Tursunzade district (Tur-
sunzade N 38°30'39", E 68°13'49") in southwestern Tajikistan
in July 2009 (Fig. 1). The ticks were transported and samples
for analysis were prepared as described in (Petrova et al.,
2013). Tick species were identified by morphological exami-
nation with subsequent confirmation by PCR and sequencing
of PCR products of a 16S rRNA fragment of the mitochondrial
genome of the ticks.

PCR detection of genetic markers. DNA was isolated
from tick homogenates by phenol/chloroform extraction
using a commercial kit (Lytech, Moscow, Russia) following
manufacturer’s instructions. It was kept at —20 °C until use.
The genetic markers of Rickettsia spp., Ehrlichia spp., Ana-
plasma spp., Babesia spp. and Theileria spp. in ticks were
detected by PCR with specific primers (see the Table). The
PCR fragments were purified using Wizard SV Gel and a PCR
Clean-Up System kit (Promega, USA) according to manu-

facturer’s instructions. All PCR fragments were sequenced
in a 3130 Genetic Analyzer automated capillary sequencer
(Applied Biosystems Inc.). DNA sequencing reactions were
performed with BigDyeTerminator v3.1 Cycle Sequencing
Kits (Applied BioSystems, USA). Both strands of each gene
fragment were directly sequenced; each sample was sequenced
twice. Precautions were taken at all steps of analysis to avoid
cross-contamination among samples.

Nucleotide sequences and phylogenetic analyses. DNA
sequences were compared with sequences available in Gen-
Bank using the Basic Local Alignment Search Tool (BLAST)
on http://blast.ncbi.nlm.nih.gov. Evolutionary analyses were
conducted with MEGAS software (Tamura et al., 2011).
Multisequence alignments were performed using ClustalX.
For each analyzed gene a phylogram was constructed by the
maximum likelihood method. Phylogenetic distances between
homologous sequences were calculated using Kimura’s two-
parameter model. Confidence levels for individual branches
of the resulting tree were determined by bootstrap analysis
with 1000 replicates.

Results and discussion

Tick harvesting

Adult H. anatolicum ticks (138 females and 244 males)
were collected and grouped in 137 pools. Tick species were
identified by sequencing a fragment of 16S rRNA mitochon-
drial gene for all pools. Two original variants of 16S rRNA
mitochondrial gene fragment sequences found in these ticks
were submitted to GenBank (accession numbers KP059123
and KP059124). The nucleotide fragments showed 99.9 %
similarity to the corresponding H. anatolicum sequences from
GenBank. These tick pools were tested by PCR for genetic
markers of Rickettsia spp., Ehrlichia spp., Anaplasma spp.,
Babesia spp., and Theileria spp. and other ticks were used for
genotyping. Of those ticks, 290 (179 males and 111 females)
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Fig. 1. Tick collection sites in Tajikistan: 7, Tursunzade district; 2, Rudaki
district.
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Primers used for PCR identification of ticks and tick-borne infections in the present study
Species detected Gene Primers Primer sequence (5'—3’) Amplicon Reference
size, bp

Hyalomma spp. (ticks) 16S rRNA gene 425 This study

(mitochondrial)
Rickettsia spp. gltA 765 Roux et al., 1997

Ehrlichia spp./Anaplasma spp.

were collected in the Tursunzade district and 92 (65 males
and 27 females) from the Rudaki district. The PCR tests for
Ehrlichia spp. and Theileria spp. were positive in the range
0.7-3.3 %. The PCR tests for Rickettsia spp., Anaplasma spp.,
and Babesia spp. were negative in all tick samples.

Theileria identification

Theileria spp. was detected in 3.3 % ticks from Rudaki but
not in ticks from Tursunzade. The amplified PCR fragments
of 18S rRNA (1090-1092 bp) were isolated and sequenced
(GenBank accessions KM288517-KM288519). The se-
quences were 100 % identical to isolates of Theileria annu-
lata circulating in Turkey (AY508463) and Iran (KF429799,
HM628581), similar by 99.9 % to isolated from Pakistan
(JQ743630) and China (EU073963) and by 99.7 % to isolates
from Spain (DQ287944). Phylogenetic analysis confirmed that
Theileria spp. isolates from the Rudaki district of Tajikistan
belonged to Th. annulata (Fig. 2). The analysis of 18S rRNA
gene fragment for three isolates of Th. annulata from south-
western Tajikistan showed that all isolates were genetically
identical (100 % similarity).

Ehrlichia identification
The presence of Ehrlichia spp. has not been previously do-
cumented in ticks and animals in Tajikistan. DNA of Ehrli-
chia spp. was detected in five pools of H. anatolicum ticks
collected in the Rudaki and Tursunzade districts. The infection
rates for Ehrlichia spp. were 3.3 % in Rudaki and 0.7 % in
Tursunzade. The fragments of the 16S rRNA gene (1291—
1352 bp) and groESL operon (1248—1315 bp) were sequenced
(KM995818-KM995821, KP059122, KJ930191-KJ930195).
The nucleotide sequences of 16S rRNA gene fragments were
highly conserved (99.5-100 %) among studied isolates.
The similarity levels of the studied 16S rRNA fragments to
E. chaffeensis (CP007478), E. canis (KI513197), and E. muris
(NR121714) were 99.2, 99.2, and 99.3 %, respectively.

The phylogenetic tree generated using Ehrlichia spp.
groESL operon fragment sequences was markedly different

Raretal., 2010

from the tree based on 16S rRNA sequences (Fig. 2, b, ¢). The
16S rRNA gene fragment analysis (1140 nucleotides) showed
that all isolated Ehrlichia spp. were genetically close (see
Fig. 2, b). The studied isolates grouped in the same branch of
the phylogenetic tree as isolates from the Fujian province in
Southeastern China (DQ324547) and the Tibet Autonomous
Region of China (AF414399). The Tibetan isolate was grouped
with the E. canis branch, which is genetically close to the spe-
cies E. chaffeensis, pathogenic for humans (Wen et al., 2002).
We note that the Tajik isolates were most similar to Chinese
isolates from regions of China that do not border Tajikistan.
The phylogenetic tree generated using Ehrlichia spp. groESL
operon fragment sequences was markedly different from
the tree based on 16S rRNA sequences (see Fig. 2, ¢). The
nucleotide sequences of groESL operon Ehrlichia spp. found
in Tajikistan are separated into three groups. Tajikistan 1
and 2 isolates were closest to two isolates Ehrlichia spp. from
different regions of China (Xinjiang, Hyalomma asiaticum;
Yunnan, Rhipicephalus microplus), Tajikistan 3 and 4 cluster
with a different Chinese isolate (Xinjiang, Hyalomma asiati-
cum). Tajikistan 5 showed high similarity to Ehrlichia spp.
(JX629806) isolated in Brazil from a Rhipicephalus microplus
tick (Cruz et al., 2012). Tajikistan 5 has 13 nucleotide and
2 amino acid substitutions in comparison to the Brazilian
isolate. The American isolate was previously identified as a
new species of Ehrlichia spp. named E. mineirensis. It causes
clinical manifestations associated with ehrlichiosis in experi-
mentally infected calf (Aguiar et al., 2014).

Tajikistan 14 isolates clustered with Chinese isolates from
Xinjiang and Yunnan Provinces. Xinjiang Province shares
borders with Tajikistan in southwestern China, unlike Yun-
nan. Tajikistan 5 isolate was the most genetically distinct from
other Ehrlichia spp. grouping with UFMG-EV and UFMT-
BV isolates from Brazil and BOV2010 isolate from Canada
(Gajadhar et al., 2010; Aguiar et al., 2014; Cabezas-Cruz et
al., 2014). We infer that Tajikistan 5 isolate belongs to the
putative novel species of Ehrlichia spp. previously named
E. mineirensis.
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T. annulata (Turkey; AY508463)
T. annulata (Pakistan; JQ743630)
T. annulata (Iran; HM628581)
T. annulata, isolates Tajikistan (KM288517-KM288519)
T. annulata (China; EU073963)
T. annulata (Iran; KF429799)
T.annulata (Spain; DQ287944)
T. buffeli (Italy; FJ426360)
T. lestoquardi (China; AF081135)
T. taurotragi (L19082)
T. parva (South Africa; HQ684067)
88T, spp. ex Syncerus caffer (South Africa; HQ895982)
T. ovis (China; FJ603460)
T. velifera (Tanzania; AF097993)
T. capreoli (China; KJ188211)
T. luwenshuni (China; KC735167)
T. cervi (USA; AY735120)
T. uilenbergi (China; KJ188232)
Babesia microti (Germany; EF413181)
Babesia canis (Croatia; AY072926)
Babesia bovis (Portugal; AY150059)
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99

0.02

E. ssp. Fujian (China; DQ324547)
E. ssp. Tibet (China, Tibet; AF414399)
Tajikistan 1 (KM995818)
Tajikistan 2 (KM995819)
Tajikistan 4 (KM995821)
Tajikistan 3 (KM995820)
Tajikistan 5 (KP059122)
97| E. canis (Turkey; KJ513197)
E. ovina (Turkey; AF318946)
97| | E. spp. UFMG-EV (Brasil; JX629805)
97! E. spp. clone 2-3 (Canada; HM486685)
— E. spp. Yonaguni138 (Japan; HQ697588)
E. ewingii (USA; U96436)
76 Candidatus E. shimanensis (Japan; AB074459)
E. chaffeensis (USA; CP007476)
E. muris (Japan; NR025962)
85 E. spp. Yunnan (China; GU227701)
E. spp. Shizuoka-36 (Japan; AB178793)

E. ruminantium (South Africa; DQ647616)
Anaplasma phagocytophilum (Russia; HM366582)

75

0.01

741 E. muris (Russia, Western Siberia; GU358687)
1001 E. muris (Russia, Far East; GU358689)
E. muris (Russia, Ural; GU358690)

8 Candidatus E. ovata (Japan; DQ672553)

E. canis (Philippines; JN391408)

76|87 Tajikistan 5 (KJ930195)

914 E. spp. UFMG-EV (Brasil; JX629806)

_|7 Candidatus Neoehrlichia mikurensis (Russia; FJ966361)
99 E. phagocytophila (USA; U96730)
Candidatus E. shimanensis (USA; AB074462)

Tajikistan 4 (KJ930194)

Tajikistan 3 (KJ930193)

E. spp. Xinjiang157-4 (China; JX402612)

Tajikistan 2 (KJ930192)

og| Taijikistan 1 (KJ930191)

75 E. spp. Xinjiang157-6 (China; JX402613)

77 E. spp. LCT20 (China; KF977220)

E. spp. Kh-Hj27 (Russia, Far East; FJ966349)
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Fig. 2. Phylogenetic tree of Theileria spp. and Ehrlichia spp. isolates: a, based on 18S RNA of Theileria spp.; b, based on the 16S rRNA

gene of Ehrlichia spp.; ¢, based on the groESL operon of Ehrlichia spp.

For each gene analyzed, a phylogram was constructed by the maximum likelihood method. Phylogenetic distances between homologous
sequences were calculated using Kimura’'s two-parameter model. Confidence values for individual branches of the resulting tree were
determined by bootstrap analysis with 1000 replicates.
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Conclusions

Hyalomma anatolicum ticks collected in Tajikistan were tested
by PCR for markers of tick-borne bacterial and protozoan
infections. DNA of Ehrlichia spp. and Theileria spp. was
detected in ticks collected from the Rudaki and Tursunzade
districts. The infection rates for Ehrlichia spp. and Theile-
ria spp. DNA markers ranged within 0.7-3.3 % according to
PCR. Fragments of the 16S rRNA gene and groESL operon
from Ehrlichia spp. and of the 18S rRNA gene from Thei-
leria spp. were isolated and sequenced from H. anatolicum
ticks. Phylogenetic analysis demonstrated that EArlichia spp.
isolates were highly similar to Ehrlichia spp. circulating in
China and Brazil. Isolate Tajikistan 5 was closely related to
the putative novel species E. mineirensis. The Tajik isolates
of Theileria spp. were genotyped as Theileria annulate, and
fragments of the 18S rRNA gene from these isolates were
highly similar to the 18S rRNA gene of 7. annulata isolates
from Turkey, Iran, Pakistan and China.
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