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Introduction
A higher prevalence of certain tick parasites, 
agents of tick-borne diseases, in tick 
populations on some territories as compared 
to others is a well-known phenomenon. Its 
causes are usually attributed to the in uence 
of abiotic factors, such as climate (Randolph, 
2000) and altitude (Cadenas et al., 2007) and 
of some biotic factors, determined by the 
above-mentioned abiotic ones, such as the 
abundance of small vertebrates and certain 
features of plant associations (Naumov and 
Rubina, 1970; Naumov, 1975). However, even 
taking into consideration the combinations of 
all the factors mentioned, it is impossible to 
explain why certain intracellular tick parasites 
prevail in some areas, while they are found 
rarely or not at all, in others.

At the same time, there are reasons to 
suppose that the ability of the tick to be a host 
of an intracellular parasite has some speci c, 
genetically determined basis. For example, 
the tick species Ixodes ricinus (Linnaeus, 
1758) was shown to consist of genetically 
heterogeneous subpopulations differing in 
the biochemical composition of the chitinous 
exoskeleton (Estrada-Peña et al., 1996). The 
authors suggested that this heterogeneity may 
be associated with the distribution of different 
Borrelia species but could not con rm their 
hypothesis (Estrada-Peña et al., 1996). 
Earlier, the genetic variability of enzyme 
α-glycerophosphate dehydrogenase in I. 
ricinus was shown to be associated with the 
locomotor activity of the ticks (Healy, 1979). 
In a study of diurnal activity of I. ricinus in 
Denmark (Jensen et al., 1999), the method 
earlier elaborated by Dr. Kaufmann was 
used to distinguish different types of ticks by 
the differences in the malatedehydrogenase 
(MDH) enzyme activity. This method, with 
slight modi cations, was used in a search 
for correlations between the ticks’ genotypes 
and their infections by various pathogens 
(Semenov et al., 2001). This method permitted 
to connect these two factors and even to 
forecast the connection between tick-borne 
infection morbidity and the frequency of the 
one or the other MDH genotype. 

This communication presents the data on 
the distribution and prevalence of different 

intracellular tick parasites and MDH tick 
genotypes in the several populations of 
Ixodes persulcatus Schulze, 1930 ticks from 
Russia. The aim of this research was to reveal 
the potential of using the data on MDH 
genotypes for forecasting the distribution of 
tick populations infected with different agents 
of tick-borne diseases pathogenic for humans 
and, very likely, other vertebrates.

Materials and methods
Ticks collection. Adult taiga tick I. persulcatus
were used in the study. Ticks were collected by 
 agging during their activity season, mainly 
from April to June. Collections were made 
in the vicinity of St. Petersburg (59o52’N, 
32o25’E) in 1998-2000 (altogether, 2539 ticks). 
In addition, the total of 705 ticks was collected 
in 2000 from the following regions in Russia: 
Veliky Novgorod (58o31’N, 31o11’E), Vologda 
(59o12’N, 39o54’E), Novosibirsk (54o57’N, 
83o06’E), Irkutsk (52o17’N, 104o18’E) and 
Vladivostok (43o05’N, 131o53’E). Most of the 
ticks were examined for the presence of tick-
borne pathogens; some of them were at the 
same time studied for attribution to different 
MDH genotypes.

Tick preparation for genotyping and path-
ogen revealing. The total number of ticks used 
for genotyping and simultaneous pathogen 
determination was 1875 (1170 from the vicin-
ity of St. Petersburg and 705 from the above-
mentioned regions in Russia). A live tick was 
rinsed in 70% ethanol, washed in the distilled 
water and then dissected into three parts ( g. 
1), two of which were immediately frozen at 
–20o C for genotyping and for tick-borne en-
cephalitis virus (TBEV) detection by PCR and 
RLB (Alekseev et al., 2003), while the third 
was stored in 70% ethanol at +4o C also for de-
tection of bacterial and protozoan pathogens 
with the use of species-speci c primers. 

Every specimen was examined for the 
presence of 7 tick-borne pathogens: TBEV, 3 
Borrelia species (borreliosis agents), Ehrlichia 
muris (monocytic ehrlichiosis agent), 
Anaplasma phagocytophilum (the agent of 
granulocytic ehrlichiosis, also referred to as 
anaplasmosis) and Babesia microti (babesiosis 
agent).
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Malatdehydrogenase genotyping. The fro-
zen part of the tick (see  g. 1) was used,  rst 
of all, for the determination of the malatdehy-
drogenase alleles (Semenov et al., 2001). 

The buffer used for extraction of the en-
zyme was based on a buffer made from mag-
nesium chloride (10 mM), sodiumhydrogen 
carbonate (10 mM), sodium EDTA (0.1 mM) 
and Trisma base (20 mM), and adjusted to pH: 
8.00 by the addition of hydrochloric acid (HCl). 
The extraction buffer was prepared by mixing 
the base buffer (100 ml) with β-mercaptanol 
(78 ml), concentrated Triton X-100 (100 ml) 
and sucrose 10 g. Ticks were homogenized 
in Eppendorf tubes. The homogenate was 
suspended with 10μl buffer and centrifuged. 
Three μl of the supernatant was applied to the 
polyacrylamide gel wells in preparation for 
electrophoresis. Cooled vertical electrophore-
sis was performed using the “Mighty Small” 
equipment from Hoefer Scienti c Instruments 
(San Francisco, USA).

         

Fig. 1. The layout of tick partition for 
NAD-malatdehydrogenase genotyping and 
revealing of different pathogens.

Following electrophoresis, the gels 
were stained with a 0.5 M Tris-Malat buffer 
(pH 8.0) containing 0.03% NAD, 0.03% 
NBT, 0.018% PMS; then  xed in 1% acetic 
acid for 24 h. The gels were scanned and 
analyzed. Gels could be stored in 50% the 
discrimination of 6 electrophoretypes, which 
were subdivided into 2 subgroups glycerol 
at +4° C up to 10 months for scannings to be 
rechecked. This method allows according to 
the presence or absence of the  rst allele. The 
 rst genogroup, in which the  rst allele with 
the greatest molecular weight was present [ g. 
2, consisted of 1 homozygous (the  rst – 1.1)] 
and 2 heterozygous (the fourth – 1.3 and the 
sixth – 1.2) genotypes. 

Sample preparation for identi cation 
of pathogens. The upper part of the tick 

body, preliminary frozen at –20oC, as well 
as the third part, kept in ethanol after being 
preliminary dried on the sterile  lter paper, 
were transferred into liquid nitrogen and 
crushed. To every sample 200 μl of sterile 
H2O, 3 μl of tRNA solution and 200 μl 4M 
guanidine thiocyanate were added, followed 
by 10 min incubation at 0o C. After incubation, 
200 μl of a phenol:chloroform:isoamyl 
(25:24:1) solution was added. Samples were 
frozen at -30o C and centrifuged for 4–5 min at 
10,000 rpm. The supernatant was transferred 
into a polypropylene tube and mixed both 
with 1/10 vol of 2M sodium acetate (pH 4.5) 
and an equal volume of isopropyl alcohol. 
Samples were frozen in liquid nitrogen, then 
thawed, and centrifuged for 10 min at 15,000 
rpm. The supernatant was removed carefully. 
RNA/DNA pellets were washed with 0.5 ml 
of 75% ethanol, dried and redissolved in 150 
μl of H2O. Samples were used for PCR either 
immediately or following storage at –70o C.

Fig. 2. The chart of six combinations of al-
leles representing NAD-malatdehydroge-
nase genotypes obtained as a result of elec-
trophoresis of naive ticks’ tissues  (Semenov 
et al., 2001).

PCR assay. The primers (tab. 1) LD1-
HME-3R were supplied by DNA Technology 
ApS (Aarhus, Denmark), the primers BAB 
I-TBEVf and PIRO-A-B were supplied by 
ASB-Viriology (St. Petersburg, Russia); 
dNTP, Taq-polymerase, RT-set, and buffers 
were obtained from “DNA-Technology” and 
MBI “Fermentas”, Russia. Polymerase chain 
reactions (PCR) were performed in a volume 
of 25 μl using a Perkin Elmer 9600 thermal 
cycler. Each PCR mix contained 200 μM of 
dNTP, 2 U Taq polymerase, and 0.5 μM of 
each primer. For Borrelia burgdorferi sensu 
lato, a three-step cycling program was used: an 
initial 1 min denaturation at 94o C; 35 cycles 
of a 30 s denaturation at 94o C, 40 s annealing 
at 59o C, and 40 s polymerization at 72o C; 3 
min extension at 72o C. Identical procedures 
were used for the other Borrelia species, but 
with the following annealing temperatures: 
51o C for Borrelia burgdorferi sensu stricto, 
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48o C for B. afzelii, and 50o C for B. garinii.
For Ehrlichia sp.: an initial 1 min 

denaturation at 94o C; 35 cycles of a 30 s 
denaturation at 94o C, 40 s annealing at 52o

C and 40 s polymerization at 72o C; 3 min 
extension at 72o C.

For Babesia sp.: an initial 1 min 
denaturation at 94o C; 35 cycles of a 30 s 
denaturation at 94o C, 40 s annealing at 60o

C and 40 s polymerization at 72o C; 3 min 
extension at 72o C.

All samples that tested PCR-positive with 
BAB-1 and BAB-4 primers, indicating the 
presence of Babesia sp., were tested with 
PIRO-A and PIRO-B primers; 438 bp length 
fragments were visualized in electrophoresis. 
Babesia microti can be distinguished from 
Babesia odocoilei, Babesia divergens and 
Babesia capreoli by PCR restriction fragment 
length polymorphism (RFLP) assay. Babesia 
microti is characterized by digestion of the 
438 bp amplicon by Hinf I enzyme producing 
two fragments, approximately 356 and 81 bp 
in length, and by resistance to digestion by 
Bst E II (Armstrong et al., 1998; Duh et al., 
2001).

PCR products were analyzed by 
electrophoresis on a 1.5% agarose horizontal 
gel, visualized by staining with ethidium 
bromide and photographed.

Reverse transcription PCR (Rt-PCR) 
was used to detect RSSEV (Russian Spring-
Summer Encephalitis Virus – a Russian 
strain of TBEV). The  rst step was a reverse 
transcription reaction: 8 μl of template RNA 
and 2 μl of reverse primer were incubated at 
70o C for 5 min, then at 0o C for 10 min. Each 
15 μl of RT mix contained 200 μM of dNTP, 
20U of RNAsin, 10U of AMV-revertase. RT 
mix was incubated at 42o C for 1 h. Each PCR 
mix contained 200 μM of dNTP, 2U Taq
polymerase and 0.5 μM of each primer. A 
three-step PCR cycling program was used as 
the 2nd step: an initial 5 min denaturation at 94o

C; 35 cycles of a 30 s denaturation at 94o C, 40 
s annealing at 55o C and 40 s polymerization 
at 72o C; 5 min extension at 72o .

Patients with Babesiosis. For the 
comparison between the distribution of MDH 
genotypes and that of the obligate intracellular 
parasites of the genus Babesia, the data of 
Terletsky and Akhmerova (2002) were used. 
These authors studied the blood of one hundred 
patients suffering from an unidenti ed illness 
suspected to be babesiosis. Blood samples 
(2 ml) were taken from the Vena mediana 
cubiti; blood smears stained according to 
Romanovsky-Gimsa method were examined 

under light microscope (X1800) for the 
presence of typical Babesia piroplasmids in 
the erythrocytes; Feulgen reaction was used 
to ascertain their presence. Babesia infection 
was con rmed in 92% of cases. The patients 
studied were mostly from the Novosibirsk 
Region, but there were also several persons 
from St. Petersburg (the westernmost point) 
and several from Vladivostok and Yuzhno-
Sakhalinsk (the Far East). Since Terletsky 
and Akhmerova (2002) did not mention the 
number of positive results indicated in every 
region, we multiplied the number of patients 
by 0.92 considering the illness distribution as 
equally spaced.

Statistical technique. STATISTICA Base 
for Windows Version: 6. (Program authors: 
Statsoft Inc)

Results and discussion
The study of 664 naïve tick specimens from 
the vicinity of St. Petersburg allowed us to 
identify six genotypes, 3 homozygous and 3 
heterozygous ones, and to subdivide them into 
two genogroups depending on the presence or 
absence of the  rst allele ( g. 2), which, having 
the maximal molecular weight, is supposed to 
be a marker of the studied enzyme power in 
the tick metabolic processes (Semenov et al., 
2001). 

This study permitted us to estimate the 
prevalence of I. persulcatus tick genotypes 
in the St. Petersburg population ( g. 3). As 
can be seen from Fig. 3, the genotypes of the 
 rst genogroup, I (1.1), IV (1.3) and VI (1.2), 
absolutely prevailed.

Subsequently, pathogens (Borrelia spp., 
TBEV, anaplasmae and babesiae) were 
identi ed in the ticks. Most of them were 
encountered in the ticks of the  rst genogroup. 
Practically all the intracellular parasites of this 
population (92 of 96, tab. 2) were revealed 
in it, whereas extracellular parasites of the 
genus Borrelia were found in all genotypes 
and their distribution was practically the same 
as the allocation of genotypes among naïve 
ticks demonstrated in Fig. 3. For example, the 
prevalence of genotype I of the  rst genogroup 
was 65% among naïve ticks and very similar 
among the ticks infected by different Borrelia
species: 58%, 60% and 64% in the case of, 
correspondingly, B. garinii, B afzelii and dual 
infection by both these species (or sometimes 
by B. burgdorferi s.s.). 

The allocation of ticks infected with any 
Borrelia species among other genotypes was 
also almost identical to that of the uninfected 
ticks.
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To sum up, borreliae, extracellular parasites 
in the tick gut, are not strictly attached to any 
particular genotype, even in the cases of dual 
or triple infection of ticks by various species 
of the group Borrelia burgdorferi sensu lato.

TBEV (the total number of specimens 
examined for its presence was 1282) were 
revealed only among ticks belonging to 
the genotypes I (1.1) and IV (1.3) of the 
 rst genogroup ( g. 4, A). Anaplasma 
phagocytophilum with other pathogens ( g. 
4, B) were also revealed among specimens 
of the 1-st genogroup [genotypes I (1.1) and 
IV (1.3) among 1177 investigated]. For Bab. 
microti identi cation, a lesser number of 
ticks was investigated, 738. Nevertheless, 
ticks infected by this protozoan were found 
not only among the above-mentioned I (1.1) 
and IV (1.3) genotypes but, in 14% of cases, 
also in the ticks of VI (1.2) genotype, that is, 
nearly 3 times more often in comparison with 
the prevalence of this genotype among naïve 
specimens.
To reveal the signi cance of pathogen 
predominance among representatives of 
various genotypes belonging to the two 
genogroups mentioned above, the chi-square 
method was used (tab. 2). Extracellular 
pathogens belonging to the genus Borrelia, 
which infected ticks in singletons, were 

found in both genogroups, and even prevail 
in the second one [53% (198/372) vs.84.6% 
(33/39)]. Therefore, the infection by one 
Borrelia species does not in uence the host 
negatively, and representatives of both MDH 
genogroups allow the presence of either B. 
afzelii or B. garinii. On the contrary, ticks 
with dual or triple infection by extracellular 
parasites mainly belonged to the  rst MDH 
genogroup [20.2% (75/372) vs. 5.1% (2/39), 
chi-square = 5.24, p < 0.05]. The data on 
the intracellular parasites, though much 
more scarce, nevertheless demonstrated 
convincingly that such parasites prevailed 
in ticks belonging to the  rst genogroup, 
whose representatives possess the  rst allele. 
Among 39 dually infected specimens (tab. 2) 
six contained TBEV, 4 of which of MDH 1.1 
genotype and 2 of MDH 1.3 one. Among 13 
triple infected ticks 10 had TBE agent all of 
MDH1.1 genotype.

We suggest that an increase in TBEV 
prevalence may correlate with an increase 
in the prevalence of the heterozygous 
MDH genotypes of the  rst genogroup of I. 
persulcatus, as well as with their geographical 
provenance (tab. 3). 

In most of the cases (4 of 6), “Original 
data” in the 3rd row mean that TBEV was 
identi ed in the same specimens, whose 

Table 1. List of primers.

Primers 
pair

Nucleotide sequence Target genom
Amplicon 
size (bp)

Reference

LD1
LD2

5’-ATGCACATCTGGTGTTAACTA-’3
5’-GACTTATCACCGGCAGTCTTA-’3

Borrelia burgdorferi 
s.l./16S RNA

453
Marconi and 
Garon, 1992

VS 461 (1)
VS 461 (2)

5’-GCATGCAAGTCAAACGGA-’3
5’-ATATAGTTTCCAACATAGC-’3

Borrelia afzelii/16S 
RNA

397
Marconi and 
Garon, 1992

BG-1
BG-2

5’-GGGATGTAGCAATACATGT-’3
5’-ATATAGTTTCCAACATAGT-’3

Borrelia garinii/16S 
RNA

417
Marconi and 
Garon, 1992

BB-1
BB-2

5’-GGGATGTAGCAATACATTC-’3
5’-ATATAGTTTCCAACATAGG-’3

Borrelia burgdorferi
s.s./16S RNA

352
Marconi and 
Garon, 1992

HGE-1F
HGE-3R

5’-GGATTATTCTTTATAGCTTGCT-’3
5’-TCCGTTAAGAAGGATCTA

ATCTC-’3

HGE-agent/16S 
RNA

918 Chu, 1998

HME-1F
HME-3R

5’-CAATTGCTTATAACCTTTTGGT-’3
5’-CCTATTAGGAGGGATACGACC

TT-’3

Ehrlichia muris 
Ehrlichia 

chaffeensis/16S RNA
918 Chu, 1998

BAB I
BAB 4

5’-CTTAGTATAAGCTTTTATACAGC
5’-TAGGTCAGAAACTTGAATGAT

ACA-’3

Babesia microti
Babesia sp. / nss-

rDNA
238

Persing et al., 
1992

PIRO-A
PIRO-B.

5’-AATACCCAATCCTGACACAGGG-’3
5’-TTAAATACGAATGCCCCCAAC-’3

Babesia microti
Babesia odocoilei / 

nss-rDNA
438/408

Armstrong et 
al., 1998
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genotypes (see the  rst row of Table 3) were 
identi ed simultaneously with the revealing 
of the virus.

Fig. 3. Allocation of genotypes among naïve 
Ixodes persulcatus ticks collected in the St. 
Petersburg vicinity.

Fig. 4. Distribution and prevalence of 
pathogens (Alekseev et al., 2003) revealed in 
infected Ixodes persulcatus ticks belonging 
to the genotypes denoted on Fig. 3.

The data from the second row permitted 
us to compare tick genotypes and TBEV 

infection with their geographical provenance. 
The eastern longitude was used for the latter 
purpose. The results of comparison (correlation 
values and statistical signi cance of them) are 
given in the tab. 4.

As can be seen from the statistical analysis 
(the signi cance < 0.05), the correlation 
between three estimated parameters does exist 
(tab. 4).

There is an evident trend of TBEV 
prevalence increasing from west to east, 
which correlates with the increase in the 
prevalence of heterozygous genotypes in 
the  rst genogroup. A twofold increase in 
the prevalence of heterozygous genotypes 
in different I. persulcatus populations is 
accompanied by a minimal one-and-a-half 
TBEV prevalence in the same places, where 
ticks were collected.

The interrelations revealed between 
climate, the change in the genetic composition 
of the tick population (marked by MDH), 
and the distribution of pathogens permit us 
to suppose that similar correlations might be 
discovered not only in the case of TBEV, the 
intracellular and even intranuclear parasite, but 
also in the case of other pathogens parasitizing 
in the tick cells. Another obligate intracellular 
parasite, the protozoan Bab. microti, was 
revealed not only in the representatives of 
heterozygous genotype IV, but even in the 
representatives of heterozygous genotype VI 
(14%,  g. 4, C).
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Table 2. Prevalence of seven investigated tick-borne pathogens in Ixodes persulcatus ticks 
belonging to various MDH-genotypes. 
St. Petersburg Region, 2000, total number of investigated adult ticks 1391, 1177 of which were genotyped.

Tick MDH Type of parasitism

Genotypes Extracellular only Intracellular and mixed with extracellular

Type
Prevalence of 
infected ticks

Monoinfection* Multiinfection Monoinfection* Multiinfection

Ba Bg Dual Triple TBEV Em Aph Dual Triple

1(1.1) 253 103  32  47   3   4  10   2  39  13

4(1.3) 106  46  14  23   0   0   5   2  16   0

6(1.2) 13   8   2   2   0   0   0   0   1   0

Total 372 157  48  72   3   4  15   4  56   13

2(2.2) 8   5   3   0   0   0   0   0   0   0

3(3.3) 19  12   4   1   0   0   0   0   1   1

5(2.3) 12   5   4   0   1   0   1   0   1   0

Total 39  22  11   1   1   0   1   0   2   1

Predo-
minance

of

1st

ggr

multi ─ 5.24, p<0.05 ─ 2.879

mono & 
multi

─ 4.131, p<0.05

2nd

ggr
mono 12.61, p<0.001 ─ ─

Note: * Neither Borrelia burgdorferi sensu stricto nor Babesia microti were found as singletons in this experiment; 
Ba – Borrelia afzelii, Bg – Borrelia garinii, EM – Ehrlichia muris, Aph – Anaplasma phagocytophilum.
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Table 4. Marked correlations between three parameters of variable data taken from the 
table 3 and their statistical signi cance.

Pairs of variables Spearman correlation 
coef cients

Friedman two-way analysis of 
variants results for 6 cases, p

Genotypes – TBEV prevalence 0.886
0.002

Genotypes – eastern longitude values –0.725

Eastern longitude value – TBEV prevalence –0.535

Table 5. The correlation between the prevalence of the sixth (1.2) MDH genotype and the 
distribution of babesiosis in Russia.

Regions
To the west from 
Novosibirsk, up 
to St. Petersburg

Novosibirsk 
Region, middle 

of Western 
Siberia

To the east from 
Novosibirsk, up 
to Vladivostok

Pearson 
correlation, r

Prevalence 
of

the sixth MDH 
genotype* 7.21 22.4 8.5

0.993
Morbidity** 5.52 86.64 1.84

Note: * – number of the ticks investigated 1877; ** – number of patients 100.
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Table 3. Distribution of the heterozygous (1.3 and 1.2) MDH genotypes belonging to the 
1st genogroup of Ixodes persulcatus and TBEV prevalence on the various territories in 
Russia.

Variables

Regions
North-West of European part of Russia West Siberia 

(Novosibirsk 
vicinity)

East Siberia 
(Irkutsk 
Region)

Far East 
(Vladivostok 

Region)
Velikiy 

Novgorod 
Region

St. 
Petersburg 

vicinity

Vologda 
Region

Mean values 
of 4 (1.3) 

and 6 (1.2) 
genotypes, 

%*

12.05
(6/49)

12.3
(145/1177)

23.0
(41/179)

29.8
(39/131)

24.7
(38/154)

26.2
(49/187)

Gridding: 
north 

latitude 
and eastern 
longitude 

values

58o31’N., 
31o11’E

59o52’N, 
32o25’E

59o12’N, 
39o54’E

54o57’N,
83o06’E

52o17’N, 
104o18’E

43o05’N, 
131o53’E

TBEV or 
RSSE virus 
prevalence, 

%**

0.5
[Fyodorova 
et al. (1984) 
and original 
data (1998)]

1.2
[Original 

data 
(1999-2001)]

2.3 
[Original 

data 
(2003)]

4.5
[Original data 

(2000)]

1.5 
[According 
to Zlobin 
and Gorin 

(1996)]

3.6
[According 
to Bolotin, 

(2002)]

Note: * – total number of the ticks investigated, 1877; ** – total number of the ticks investigated for TBEV infection, 
15186.

Therefore, we may speculate that in the 
areas where the 6th genotype prevails (Fig.4, 
C) the highest prevalence of Bab. microti can 
be forecasted. For example, Bab. microti in the 
St. Petersburg region, where only 5% of ticks 
belonged to genotype VI (Fig. 3), was detected 
only in 7 out of 738 (0.9%) ticks (Alekseev 
et al., 2003), whereas in the Novosibirsk 
region, where 22.4% of ticks belonged to this 
genotype, babesiosis is a widespread disease 
(Terletsky and Akhmerova, 2002) (tab. 5). A 
careful investigation of I. persulcatus in this 
region might reveal a much higher prevalence 

of this pathogen than that in other regions. This 
hypothesis may also explain why babesiae are 
so seldom revealed in western Russia.

The results reported in this paper, as well 
as the previously published data (Alekseev and 
Dubinina, 2004), demonstrate that the enzyme 
MDH genotyping of ticks can be a helpful tool 
for forecasting the prevalence of intracellular 
tick parasites, agents of tick-borne diseases, 
and their distribution areas. Moreover, the 
accumulation of data on the MDH genotype 
variations and on the prevalence of intracellular 
tick parasites in different areas may help 
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to forecast the emergence of different tick-
borne diseases, which have previously been 
incorrectly diagnosed or even supposed not to 
exist at all.
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