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Abstract

Background: In the South of Kazakhstan, Almaty Oblast’ (region) is endemic for tick-borne encephalitis, with
0.16-0.32 cases/100,000 population between 2016-2018. The purpose of this study was to determine the prevalence
and circulating subtypes of tick-borne encephalitis virus (TBEV) in Almaty Oblast” and Kyzylorda Oblast’.

Methods: In 2015 we investigated 2341 ticks from 7 sampling sites for the presence of TBEV. Ticks were pooled in
501 pools and isolated RNA was tested for the presence of TBEV by RT-gPCR. For the positive samples, the E gene was
amplified, sequenced and a phylogenetic analysis was carried out.

Results: A total of 48 pools were TBEV-positive by the RT-qPCR. TBEV-positive ticks were only detected in three
districts of Almaty Oblast” and not in Kyzylorda Oblast’. The positive TBEV pools were found within [xodes persulcatus,
Haemaphysalis punctata and Dermacentor marginatus. These tick species prevailed only in Almaty Oblast” whereas

in Kyzylorda Oblast” Hyalomma asiaticum and D. marginatus are endemic. The minimum infection rates (MIR) in the
sampling sites were 4.4% in Talgar, 2.8% in Tekeli and 1.1% in Yenbekshikazakh, respectively. The phylogenetic analysis
of the generated sequences indicates that TBEV strains found in Almaty Oblast” clusters in the Siberian subtype within
two different clades.

Conclusions: We provided new data about the TBEV MIR in ticks in Almaty Oblast” and showed that TBEV clusters

in the Siberian Subtype in two different clusters at the nucleotide level. These results indicate that there are different
influences on the circulating TBEV strains in south-eastern Kazakhstan. These influences might be caused by differ-
ent routes of the virus spread in ticks which might bring different genetic TBEV lineages to Kazakhstan. The new data
about the virus distribution and vectors provided here will contribute to an improvement of monitoring of tick-borne
infections and timely anti-epidemic measures in Kazakhstan.

Keywords: Tick-borne encephalitis, TBEV, Ixodes persulcatus, Haemaphysalis punctata, Dermacentor marginatus,
Siberian subtype, Kazakhstan, Tick

Background encephalitis, RSSE) were described in patients from

In Kazakhstan, for the first time the symptoms of tick- Almaty and Almaty Oblast’ in 1935 by Steblov as

borne encephalitis (TBE, here Russian spring—summer  described in [1]. Tick-borne encephalitis virus was iso-
lated in Kazakhstan in 1941 by Chumakov as described
in [1]. For this isolation he used the brain from a patient
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7 Institute of Microbiology, Munich, Germany who had died of TBE in Almaty Oblast’. In 1947, Linet-
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species Ixodes persulcatus using methods suggested by
Chumakov as described in [2]. L'vov et al. [3] published
in 2014 the first molecular biological data from a TBEV
strain which was collected in 1977 in Almaty Oblast’.

TBEV is a member of the genus Flavivirus within the
family Flaviviridae. Its genome consists of a single-
stranded and positive-sense RNA. The genomic RNA
encodes three structural proteins (C, M and E) and
seven nonstructural proteins (NS1, NS2A, NS2B, NS3,
NS4A, NS4B and NS5) [4]. The main subtypes of TBEV
are classified according to a phylogenetic analysis of the
E gene [5].

Five subtypes of TBEV are distinguished, the European
(Eu-TBEV), the Far Eastern (FE-TBEV), the Siberian
(Sib-TBEV), the Baikalian (BkI-TBEV) and the Hima-
layan subtype (Him-TBEV) [5-8]. Each of them has its
own geographical distribution. The Far Eastern subtype
is mostly distributed in regions of the Far East of Russia,
China and in some regions of the European part of Rus-
sia. In contrast, the European subtype occurs in countries
of Europe, in the European part of Russia and occasion-
ally in the Far East of Russia. The Siberian subtype is
widespread in the territory of the European and Asian
part of Russia and very rare in other European coun-
tries. The recently established Himalayan subtype was
described in China in Qinghai-Tibet Plateau and the Bai-
kalian subtype also has its own area of distribution along
the Trans Baikal region, northern Mongolia, Republic
of Buryatia [5, 8—12]. TBEV is transmitted by a tick bite
(saliva) or rarely by consumption of infected unpasteur-
ized or raw milk products from infected goats, sheep and
cows [4, 13-15]. Different subtypes of TBEV are related
to different vectors (Ixodidae). The European Subtype of
TBEV is mostly transmitted by Ixodes ricinus and also
by Dermacentor reticulatus while the Siberian and Far
Eastern subtypes are suitable for I persulcatus, although
the question of vectors of the Himalayan subtype is still
under evaluation [5, 16—18].

TBE is one of the most serious arboviral infections
widespread on the Eurasian continent [19, 20]. It has a
significant impact on public health [21]. Annually, up to
12,000 cases are registered in Europe and in Asia [22].
Kazakhstan is in close proximity to countries which are
endemic for TBEV, e.g. Russia [10], China [23, 24], Kyr-
gyz Republic [25] and Mongolia [16, 26]. In Kazakhstan,
the TBE incidence is reported to be 0.16/100,000 up to
0.32/100,000 inhabitants. About 50 cases of TBE cases
are registered annually. For the last three years (2016—
2018) 128 cases of tick-borne encephalitis were regis-
tered [27].

Kazakhstan has a wide range of climatic and vegetation
zones with favorable conditions for different tick species,
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which in turn promote the prevalence of tick-borne
zoonotic diseases such as TBEV [28, 29]. Characteristi-
cally TBEV endemic zones in Kazakhstan are the foothills
zone and forest-steppe zone e.g. the landscape of Almaty,
Almaty Oblast’ and East Kazakhstan Oblast’ [29]. Only a
few sporadic TBE cases occur in the North and the center
of Kazakhstan [27, 30, 31].

Though TBE cases in Kazakhstan are not uncommon
there is a lack of data regarding the circulating TBEV
strains and their molecular biological data, which would
be needed to explain pathogen circulation pathways.
Also, only a few concise data are available on the infec-
tion rate of TBEV in ticks, so far. Therefore, we carried
out a field study to detect the minimum infection rate
(MIR) in ticks and find out more details about the circu-
lating TBEV strains in two oblasts in Kazakhstan by using
RT-PCR methods, Sanger sequencing, and phylogenetic
analysis.

Methods

Study design

Tick sampling sites were chosen according to the routes
of tick collection as established by entomologists of the
Scientific Practical Center for Sanitary and Epidemiologi-
cal Expertise and Monitoring (SPCEEM). These routes
are sites that have been observed by entomologists of
SPCEEM for 10 or more years. This approach of obser-
vation is crucial for controlling the seasonal activity and
abundance of tick species on the same territory.

Tick collection

Ticks were collected by flagging at 32 locations of two
oblasts (Almaty and Kyzylorda oblasts) in May and June
in 2015 (Fig. 1). The collected ticks were placed into
tubes, labeled according to the sampling area and frozen
at —20 °C.

Tick identification

Before testing, the ticks were thawed, morphologically
identified and sorted by life stages and tick species fol-
lowing the official guidelines for tick identification in
Kazakhstan [32-35]. The ticks (#=2341) were pooled in
pools of 5 adults or 10 nymphs (n=501) (Table 1).

Tick homogenization and RNA extraction

Each tick pool was homogenized with the TissueLyzer
(Qiagen, Hilden, Germany) with 2 ceramic beads and
1 ml of cell culture medium. The homogenized ticks were
centrifuged for 5 min at 2348 x g. The supernatant was
used for RNA extraction according to the manufacturer
instructions (QIAamp RNA viral mini kit; Qiagen). Iso-
lated RNA was aliquoted and stored at -80 °C.
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RT-qPCRs and envelope E gene sequencing

All samples were screened for the detection of TBEV
RNA. TBEV RNA was detected by reverse transcrip-
tion (RT)-qPCR [36]. Five ul of TBEV RNA was ampli-
fied in a 25 pl RT-PCR mixture using the QuantiTect
Virus Kit (Qiagen) with 0.2 uM of each primer (forward,
5-GGG CGG TTC TTG TTC TCC-3'); reverse (5-ACA
CAT CAC CTC CTT GTC AGA CT-3’)) and 0.16 pM
of hybridization probe (5-6FAM-TGA GCC ACC ATC
ACC CAG ACA CA-TMR-3’) according to the instruc-
tions and protocol as described before [36]. Extracted
RNA of Langat virus was used as a positive control and
distilled water as a negative control.

To acquire the E gene, the positive samples of the RT-
qPCR were used to carry out a conventional RT-PCR
with primers targeting the E gene region (1632 nt).
Briefly, 5 pl of RNA was amplified with 0.2 uM of a for-
ward primer (5-TCT TgT gCC Tgg CTC CggT TTA
Tg-3’), a mixture of two reverse primers (5-TCC TCT
gCC Tgg CTC Cgg TTT ATg-3'4+5-TCT TgT gCC
Tgg CTC Cgg TTT ATg-3'). Into the mixture of primers
and RNA, the Super Script III high fidelity RT-PCR Sys-
tem with Platinum 7aq DNA Polymerase (Thermo Fisher
Scientific, Waltam, USA) was added. Hence the mixture
was processed further in a final volume of 50 ul [37].

The initial amplification to generate cDNA was per-
formed at 50 °C for 45 min, then a step of denaturation
was carried out at 94 °C for 5 min. The amplification was
conducted for 40 cycles at 94 °C for 30 s, 60 °C for 30 s
and 2 min at 68 °C, followed by a final extension step at
68 °C for 10 min. The amplified products were visualized
on a 1.5% agarose gel using Gel Red® (Sigma-Aldrich,
Taufkirchen, Germany) under the illumination of ultra-
violet light.

Products of the conventional RT-PCR were purified
with the QIAquick PCR Purification Kit (Qiagen) and
sequenced according to the manufacturer’s instruc-
tions with the ABI Prism Big Dye Terminator V3.1 Cycle
Sequencing Kit (Thermofisher) and a 3500x] Genetic
Analyzer (Thermofisher) using the initial primers used
for RT-PCR amplification. Retrieved sequences were
aligned using BioEdit 7.2.5 [38, 39]. Phylogenetic trees
were constructed in MEGA 7 with the Maximum Likeli-
hood method based on the Tamura 3-parameter model
[38—41].

Statistical analysis

The prevalence of TBEV in ticks was calculated using the
calculation of the minimum infection rate (MIR) in the
assumption that one tick in each pool was positive. MIR
was analyzed according to the sampling site and tick spe-
cies [37].
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Results

Overall, 2341 ticks or 501 pools of ticks from 7 sam-
pling sites of Almaty Oblast’ and Kyzylorda Oblast’ were
investigated (Fig. 1). Collected ticks were identified as I
persulcatus (n=1191 adults and 2 nymphs), D. margi-
natus (n=>578 adults), H. punctata (n=470 adults), D.
reticulatus (n=14 adults), Ripicephalus turanicus (n=9
adults) and Hyalomma asiaticum (n="77 adults).

Tick pools were screened for the presence of TBEV
RNA by RT-qPCR [35]. TBEV RNA was only detected
in ticks collected in Almaty Oblast’ while the tick pools
from Kyzylorda Oblast’ were negative for TBEV. TBEV
RNA from Almaty Oblast’ was found in 48 pools with
an overall MIR of 2.8%. The MIR of the different tick
species was 3.9% in I persulcatus, 1.6% in D. margin-
atus and 0.2% in H. punctata (Table 1). The MIR dis-
played in the geographical appearance of TBEV was
4.4% in Talgar, 2.8% in Tekeli and 1.1% in Yenbekshika-
zakh, respectively.

A TBEV E gene specific conventional RT-PCR was car-
ried out with the TBEV- positive RT-qPCR nucleic acid
samples, followed by sequencing [38]. The sequencing of
the 1488 nt E gene open-reading frame lead to 30 E gene
sequences. Eleven sequences originated from the Talgar
region, 4 sequences from the Yenbekshikazakh region
and 15 sequences from the Tekeli region of Almaty
Oblast’ (Table 2).

Comparison of the Talgar E gene sequences with Gen-
Bank entries [43] revealed highest similarities at the
nucleotide level (94-95%, 81-83 nt difference) to the
sequence of the strain Buzuuchuk (GenBank: K]J626343)
and at the amino acid (aa) level with the strain MucAr
M14/10 (GenBank: AFU65175), (99%, 6 aa difference).
Comparison of the Yenbekshikazakh E gene sequences
with GenBank entries revealed highest similarities at the
nucleotide level (94%, 84 nt difference) to the sequence
of the strain Buzuuchuk (GenBank: KJ626343) and at
the amino acid (aa) level with the strain MucAr M14/10
(GenBank: AFU65175), (99%, 6 aa difference).

The subsequent phylogenetic analyses of the E gene
sequences from the 15 samples from Tekeli, the 12 sam-
ples from Talgar and the 4 samples from Yenbekshika-
zakh classified our strains as a Siberian subtype of TBEV
on nt and aa level (Figs. 2, 3). The deeper phylogenetic nt-
analyses showed that our strains were clustered into two
different lineages. Strains from Talgar and from Yenbek-
shikazakh clustered in the Baltic lineage of the Siberian
Subtype. Comparison of the Tekeli E gene sequences with
GenBank entries revealed highest similarities at both, the
nucleotide level (99%, 15-21 nt difference) and the amino
acid (aa) level (99%, 1-2 aa), to the sequence of Sib-XJ-
X5, which clustered in the Siberian Subtype (Vasilchenko
lineage) (Fig. 2). Phylogenetic analyses of the strains from
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Fig. 1 In May and June 2015 ticks were collected by flagging at 32 locations in Almaty Oblast’ and Kyzylorda Oblast’. Key: Grey circle,
TBEV-negative; Black circle, TBEV-positive

Tekeli, Talgar and Yenbekshikazakh at the aa-level (496
aa) showed that all three strains clustered together in one
clade which was divided into three sub-clusters together
with other TBEV strains from Kazakhstan and the strain
Sib-XJ-X5 from China (Fig. 3). In general, we observed
8 significant different aa changes within the E genes
from Kazakhstan in comparison to closely related TBEV
strains Zausaev (GenBank: AF527415), Konst-14 (Gen-
Bank: KT321430), MucAr M14/10 (GenBank: JF274481)
and Yuk 4/13 (GenBank: GU125721) (Table 2). One posi-
tion (A279) was shared by all TBEV strains from Kazakh-
stan including the strain from Xinjiang, Sib-XJ-X5. Four
aa changes (S88, R93, 1128 and 1487) were only observed
in the strains from Almaty city region, Talgar, and Yen-
bekshikazakh. One aa change in the strain Talgar and
Yenbekshikazakh was detected together with the strain
Sib-XJ-X5 (A313) and the strains from Tekeli revealed 2
positions (F430 and R435) which were only shared with
the strain from China Sib-XJ-X5 (Table 3).

Discussion

During 2015 we investigated 2341 ticks/501 pools for the
presence of TBEV at seven sites of two oblasts of Kazakh-
stan (Kyzylorda and Almaty). In Kyzylorda Oblast’, we
investigated 136 pools and detected three species, D.
marginatus, R. turanicus and H. asiaticum. In a previous
study, six tick species were recorded in this region, i.e.
D. marginatus, R. turanicus, H. asiaticum, H. punctata,
Hyalomma suspense and Rhipicephalus pumilio [43]. In
our study, we found that D. marginatus (114 pools) was
dominant in comparison to the other species (H. asiati-
cum (17 pools) and R. turanicus (5 pools)). Following our
data, we can confirm the former results that D. margina-
tus is the dominant tick species in this region [43]. This
can partly be explained by the fact that the prevalence of
tick species collected by flagging is affected by the peak of
seasonal activity and the time of tick sampling. The peak
of activity for D. marginatus is from April to May and R.
turanicus usually appears later in the year [44]. However,
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Table 1 The results of tick sorting (morphological identification, sorting by sex and development stage) and real-time RT-PCR

examination of ticks from Almaty Oblast’

Region No. of ticks/No. of  Tick species (No. of ticks/No.  No. of positive pools in real time MIR% by tick MIR% by region
pools of pools) PCR by sex/No. of ticks) species
Talgar 505/104 I. persulcatus (504/103) 3 7/49 44 44
Q@15/53
Nymphs 0/1
H. punctata (1/1) 30/0 0
Q0/1
Tekeli 709/145 D. marginatus (50/12) 30/3 2 238
?21/9
D. reticulatus (14/3) 30/1 0
0/2
I. persulcatus (610/123) 3 2/54 3.1
Q17/69
H. punctata (25/7) 30/4 0
20/3
Yenbekshikazakh 523/113 I. persulcatus (79/17) 31/7 6.3 1.1
Q4/9
Nymphs 0/1
H. punctata (444/96) 3 1/43 02
Q0/53

Abbreviation: MIR, minimum infection rate

the activity of H. asiaticum starts at the end of April till
the end of July. Our findings reflect the time of sampling
and conform to results of previous studies on the distri-
bution of the tick species in Kyzylorda Oblast’ [44].

In this study, the taxonomic classification of ticks was
performed according morphological markers [32-35].
However, D. marginatus and D. niveus are conspecific
[45-47]. In this study, both were summed up and pre-
sented as data for D. marginatus. Rhipicephalus turani-
cus (s.s.) has its type locality in Tashkent, Uzbekistan,
and seems to be restricted to sampling sites in Central
Asia, such as Kazakhstan, and southeastern Europe. For
R. turanicus a morphological and genetical differentia-
tion from R. sanguineus (s.s.) was provided in detail by
Estrada-Pena et al. [48, 49]. Genetic markers were used
to differentiate R. turanicus from different geographical
origins and R. turanicus seems to be the correct species
name for R. turanicus originating from the Palaearctic
region including Kazakhstan [49-52].

All investigated ticks from Kyzylorda Oblast’ tested
negative for TBEV in the RT-qPCR. This could be
explained by the absence of the main vector of TBEV, L
persulcatus [25, 28, 52]. The dearth of I persulcatus in
Kyzylorda Oblast’ is influenced by features of the natu-
ral landscape, such as deserts and steppes with a lack of
humidity [28]. In our study, we could not confirm the
presence of TBEV in D. niveus and H. asiaticum or D.

marginatus collected in Kyzylorda Oblast’. Regardless
of the tick activity, as TBEV in Kyzylorda Oblast’ does
not appear to be endemic, it has no influence on human
activities. However, the presence of TBEV was confirmed
in these tick species in other regions in Kazakhstan
[54-57].

From Almaty Oblast’ (Tekeli, Talgar and Yenbekshika-
zakh) 365 pools were investigated and five tick species,
L persulcatus (243 pools), D. marginatus (15 pools), D.
reticulatus (3 pools) and H. punctata (104 pools), were
found. Our data confirm previous results on the distri-
bution of tick species in Almaty Oblast’. In general, our
observation shows that I persulcatus and H. punctata
prevail. In previous studies, I persulcatus, H. punctata,
D. marginatus and D. reticulatus were described for
Almaty Oblast’ [28, 44]. We can also confirm previous
data showing that the tick species 1. persulcatus and H.
punctata are dominant in this oblast’ [28].

TBEV RNA was revealed in the three species, I per-
sulcatus, D. marginatus and H. punctata. The study find-
ings confirmed the results of previous studies showing
that 1. persulcatus is the main vector of TBEV [25, 28].
Our results also show that TBEV RNA can be present in
D. marginatus and H. punctata. This is consistent with
previously published data indicating that D. marginatus
and Haemaphysalis spp. ticks could in rare cases carry
TBEV [41-43]. Our data confirm that the endemicity of
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Table 2 Summary of TBEV E-gene sequences obtained from
ticks collected in 2015

Sampleno Host Sex GenBankID Region

17 Ixodes persulcatus Q MK284381  Talgar

21 3 MK284382

25 Q MK284383

44 3  MK284384

45 Q MK284385

49 Q MK284386

50 Q MK284387

54 3  MK284388

64 Q MK284389

66 3 MK284390

68 3 MK284391

5 Q MK284392  Tekeli

28 Q MK284393

33 ? MK284394

53 o} MK284395

58 Q MK284396

61 1} MK284397

99 Q MK284398

101 ? MK284399

105 3 MK284400

111 Q MK284401

113 1} MK284402

118 1 MK284403

120 3 MK284404

133 ) MK284405

137 ? MK284406

75 Q MK284407  Yenbekshikazakh
77 3 MK284408

109 Hyalomma punctata @ MK284409  Yenbekshikazakh
112 Ixodes persulcatus 3 MK284410  Yenbekshikazakh

TBEV depends on the prevailed tick species, so that the
districts of Almaty Oblast’ where I persulcatus is prevail-
ing have the higher MIR. Only limited data on the TBEV
prevalence in ticks including epidemiological data of TBE
patients of the investigated areas in Almaty Oblast’ are
available.

However, the MIRs in our study reflect the prevalence
of TBEV in ticks in endemic regions in the bordering
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countries. In Siberia, the prevalence of TBEV in ticks
ranged between 0.5% and 10.2% [58], while in Europe it
could reach up to 5% [58]. In bordering Mongolia, TBEV
prevalence in ticks was reported in two studies to be 1.6%
[16] and 1.3% [17] which is comparable to the results
from Kazakhstan. In previous investigations conducted
in Kazakhstan in 1970, the prevalence of TBEV in ticks
reached 30% [53]. The applied RT-qPCR according to the
method of Schwaiger & Cassinotti [36] has a high speci-
ficity and sensitivity [59]. It was reported that it has also
higher sensitivity than conventional RT-PCR which could
be affected by the amplification of the shorter fragment
(approximately 68 nt) in the RT-qPCR than an ampli-
fication of a longer fragment by conventional RT-PCR
(approximately 1687 nt for the E gene) [60]. Finally, we
could not exclude that primers did not match perfectly
the amplification sites or that the RNA structures poten-
tially interfere with proper primer binding. This could
be a reason for the observation that we had 48 TBEV-
positive pools in the RT-qPCR of which only 30 samples
turned out to be positive in the conventional RT-PCR.

Comparisons of E genes from Tekeli revealed that
the virus strains are clustering within the branch of the
Vasilchenko lineage of the Siberian subtype at the nt-level
[8]. So far, most known TBEV strains from eastern Sibe-
ria cluster in this lineage. The closest related strain to the
Tekeli samples was the TBEV strain Sib-XJ-X5 (99% iden-
tity, 15 nt exchanges) which was isolated from 1. scapula-
ris ticks in the Xinjiang region in China, bordering with
Kazakhstan in the south-east.

The strains from Talgar and Yenbekshikazakh clustered
within the Baltic lineage of the Siberian subtype at the nt-
level [8]. Although the differences based on nt-level are
quite high, the closest relative to all 15 virus sequences
was the strain Buzuuchuk [61]. Buzuuchuk is an area at
the Issyk-Kul Lake in Kyrgyzstan close to the border of
Kazakhstan and approximately 75 km straight-line dis-
tance from Talgar.

The close relationship between the strains from
Tekeli and Sib-X]J-X5 could be explained by the hypoth-
esis that the strains were spread along bird migration
routes from the Jungar Basin, Xinjiang region, China,
in southwestern direction via Kazakhstan to the Ara-
bian Peninsula. In this area, two bird flyways, the Cen-
tral Asia/South Asia and East Asia/East Africa flyways

(See figure on next page.)

Fig. 2 Phylogenetic tree illustrating the evolutionary relationships based on the nucleotide (nt) sequences for the envelope gene (E). The trees
were constructed with the MEGA?7 software package using the Neighbor-Joining method [79, 80]. The percentage of replicate trees are shown
next to the branches, bootstrap test was made with 10,000 replicates [81]. Omsk hemorrhagic fever virus (GenBank: AF482341) was used as the
outgroup. In the nt tree, the lineages of the Siberian subtype (Vasilchenko, Zausaev, Baltic and Obskaya) are highlighted. The newly generated
sequences from Kazakhstan are marked with squares (Tekeli), circles (Talgar) and triangles (Yenbekshikazakh). The previously published TBEV

sequences from Kazakhstan are marked with diamonds
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(See figure on next page.)

Fig. 3 Phylogenetic tree illustrating the evolutionary relationships based on the amino acid (aa) sequences for the envelope (E) protein. The trees
were constructed with the MEGAY software package using the Neighbor-Joining method [79, 80]. The percentage of replicate trees are shown
next to the branches, bootstrap test was made with 10,000 replicates [81]. Omsk hemorrhagic fever virus (GenBank: AF482341) was used as the
outgroup. The newly generated sequences from Kazakhstan are marked with squares (Tekeli), circles (Talgar) and triangles (Yenbekshikazakh). The
previously published TBEV sequences from Kazakhstan are marked with diamonds

are converging [62]. One of these migratory pathways
is described for the Asian houbara bustards flying from
China to the southwest to their wintering areas [63].
The strains from Talgar and Yenbekshikazakh also
might have spread via bird migration from the south-
ern part of the Tien Shan mountains in Kyrgyzstan. The
birds might fly and spread the virus-infected ticks from
one area to another through the valley of the Tien Shan
mountains. However, this is not an explanation for
the high genetic variability (81-83 nt difference) that
occurs between the strains from Kazakhstan and the
strain from Kyrgyzstan. There have been several publi-
cations showing that various tick species can be trans-
ported by birds; among them are for example studies
on the tick species I ricinus, which typically is the vec-
tor for Eu-TBEV [64-69]. However, the hypothesis of
the spread of the virus by birds does not fully explain
why the virus seems to migrate on the east—-west axis,
since bird migration routes predominantly follow the
north—south axis. Only obstacles like higher moun-
tain masses make birds traveling westwards such as
the East Asia/East Africa flyway [62, 69]. An explana-
tion for the spread especially along the east—west axis
might be anthropogenic factors (such as human mobil-
ity or animal transportation) which were hypothesized
for the strain movements of the Eu-TBEV subtype
[70]. Considering the present data, the hypothesis that
strains may be distributed by birds, animals or along
man-made routes such as motorways or railways from
the North to the South, such as for example through
the route from Siberia to China or Pakistan through
Kazakhstan or vice versa can be supported [66, 71, 72].
Following this, in Kazakhstan during the last years the
geographical borders of the bird fauna were changed
due to changes in migration of birds. Some birds in the
50 s of the last century were only seen at the borders
of the southern Part of Kazakhstan, but now these have
become the main bird species over the whole territory.
Also, more than 20 species of trans-border birds exist
within Kyrgyzstan and China. The birds nest in Kyrgyz
Republic or China but fly to Kazakhstan and vice-versa
[73].

The role of livestock is also a key factor in TBEV dis-
tribution. Ticks parasitize on mammals and could be
carried by them over long distances, which would also
transport TBEV-infected ticks into non-endemic areas

[74]. This could be an explanation for the relationship
between strains from Tekeli and China (Sib-XJ-X5). It is
possible that the virus was spread by humans or animals
via overland pathways from China to Kazakhstan or vice
versa. The geographical region between the Kazakh and
Chinese border might come into consideration because
of the cultural heritage or trade routes like the move-
ment of nomads, Mongol conquests or travelers along
the ancient Silk Road [67, 75]. The same might be true for
the relationship between the TBEV strains located in the
North (Talgar and Yenbekshikazakh) and in the South of
the Tien Shan Mountains (TBEV strain Buzuuchuk). The
15 TBEV strains from Talgar and Yenbekshikazakh are
closely related to the strain Buzuuchuk. Here again, the
spread could also be explained by anthropogenic factors.
In particular, the genetically close relation to strains from
the Baltic area could indicate the spread of this virus
along trading routes along the east—west-axis such as the
Silk Road or the Trans-Siberian route. Another explana-
tion is the westward migration of the Huns or spread of
the virus during the period of the Mongol Empire.

The phylogenetic tree of TBEV strains from Tekeli, Tal-
gar and Yenbekshikazakh at the aa level showed a com-
pletely different picture. The first sub-cluster comprised
the former published TBEV strains from Kazakhstan, the
strain KR633034 Kazakhstan-Baidar-S, which was iso-
lated from a blood sample of a 16-year-old patient, and
the strain KJ744033 Alma-Arasan LEIV-Kaz1380 isolated
from an I persulcatus in the Alma-Arasan valley in the
mountains in the south of Almaty city [3, 76].

The second sub-cluster comprised the strains from Tal-
gar and Yenbekshikazakh. Interestingly the comparison
of the aa sequences identified the strain MucAr M14/10
as the strain with the highest identities, with a 6 aa differ-
ence and 99% identity to the strain MK284381 from Tal-
gar and MK284407 from Yenbekshikazakh.

The third sub-cluster comprised the strains from Tekeli.
The strain from Tekeli MK284392, showed the highest
identity with the strain Sib-XJ-X5, with one aa difference
resulting in 99% aa identity.

At the nt-level, we can address several clusters within
the Siberian subtype lineages. Comparing the strains at
the aa-level, the picture is slightly different. Within the
Siberian subtype, two lineages can be distinguished based
on aa changes at positions 234 and 431. The Zausaev lin-
eage is characterized by H234/A431, whereas strains of
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the second lineage, the Vasilchenko lineage, are charac-
terized by Q234/T431 [20, 77]. Interestingly, all strains
in this cluster (all strains from Kazakhstan, JF274481
MucAr M14/10, GU125721YuK 4/13 and KT321430
Konst-14) share the characteristics of both lineages
(H234/T431) but not TBEV strain Zausaev. Our results
indicate that classification of different lineages used at the
nt-level cannot be used at the aa-level. It is also question-
able whether the naming after Vasilchenko and Zausaev
of the clusters at the aa-level still makes sense, as leads to
completely different results.

In general, we observed eight significantly different aa
changes within the E gene sequences from Kazakhstan in
comparison to closely related TBEV strains. As a result,
we conclude that the strains which are geographically
originating from one region show the same characteris-
tics at the aa-level (four unique aa changes for the strains
from Talgar and Yenbekshikazakh, and two unique aa
changes for the strains from Yenbekshikazakh) (see
Table 3).

In previous studies, it was concluded that the presence
of L and H at aa positions 206 and 234, generally charac-
terizes the Siberian subtype [19, 78]. We confirm this for
all revealed E gene aa sequences. It has been discussed
that strains of the Siberian subtype with threonine at aa
position 426 are typically transmitted by I persulcatus
[19, 79]. We also confirm this for the TBEV strains from
Kazakhstan studied here.

Conclusions

In summary, we herein describe in detail data regarding
the TBEV distribution in Almaty Oblast” in Kazakhstan.
Also, to the best of our knowledge, for the first time,
we give insight about the MIR of TBEV in ticks in this
endemic oblast’. However, to generate a complete picture
about TBEV distribution, we need more genetic data in
endemic regions in Kazakhstan as well as in adjacent ter-
ritories. However, our data on MIR in ticks and vectors of
TBEV represent a further cornerstone in improving the
surveillance system in these territories. Further labora-
tory work with the isolation of TBEV strains from ticks
collected in Almaty and other oblasts in Kazakhstan and
full genome sequencing will be performed by our group.
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