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ABSTRACT

A visual method for determining the physio-
logical age of unfed ixodid tick adults in vivo is
offered based on the data obtained for the natural
populations of ticks of the genera Ixodes and
Dermacentor. Alive ticks were immersed in water or
physiological solution and studied using the bright
background. Several earlier described characteris-
tics of the anatomical ageing of ixodid ticks can be
seen from the outside by the method, which can be
additive to studying the external features conven-
tionally used for the physiological age determina-
tion. The following criteria of the tick age determi-
nation are offered: 1) the body volume; 2) a number
of wrinkles and the cuticle coloration; and 3) a
complex criterion of the tick cuticle transparency
degree for observing the internal organs. The last
criterion, which was offered by us earlier [Razumo-
va, 1986; 1987], is the leading one in the new
method discussed. This criterion is found to have
the significant generic specificity. The tables for
determination of four basic physiological age peri-
ods (I to IV) of ticks of the genera Ixodes and
Dermacentorare developed. The method was tested
using the natural populations of Ixodes persulcatus,
Dermacentor reticulatus and D.marginatus in con-
junction with a virological survey. The influence of
physiological age of ticks on their susceptibility to
the tick-borne encephalitis virus (TBE) and the
virus transition to the tick saliva was proved
experimentally. The presence of the virus in the tick
saliva is found to be not dependent on the virus titer
in the tick body [Razumova, Alekseev, 1991]. The
new method makes possible the large-scale deter-
minations of the physiological age of adult ticks in
vivo, which can greatly increase the potential of the
method’s extensive application.

PE3IOME

Ha xneiax npupoaHbix NONyaaUUil pOIOB
Ixodes i Dermacentor pa3paboTaH BU3yajbHbIi

MeTOo NMPUXU3HEHHOro onpeneaeHus Gu3noio-
TMYECKOro BO3pacTa TOJIOAHBIX IMOJIOBO3pEIbIX
MKCOAO0BbIX Kiellei. [I[puMeHeHa OpUrnHanbHas
MEeTOAMKa U3YYeHHsl XKUBOro Kjellla B BoAe WU
(u3MOIOrMYECKOM pacTBOPe Ha CBETJIOM (poHe.
I1pu aTOM W51 ONpeeIeHHs1 BO3pacTa UCIIOIb3Y-
I0TCSl KaK BHEHIHUE MPU3HAKH, TaK U NIPOELUPY-
eMble HapyXXy HEKOTOpble aHATOMUYECKUE PHU-
3HakM Kiewa. [IpeanoxeHsl cienylolue Kpure-
pUH OIlpeaesieHUs Bo3pacTa Kjellei: 1) mojaHora
Tesla, 2) MOPIUUMHUCTOCTh U LIBET KYTUKY/bI; 3)
MPOCMAaTPUBAEMOCTb CKBO3b KYTUKY1Y BHYTPEH-
HUX opraHoB. [TocaenHuii Npu3HaK, BbISIBICHHBIA
Hamu paHee [Paszymosa, 1986, 1987], B HOBOM
MeTo/le UCTTOJIb3YeTCsI KaK OCHOBHOM. OTMeyaeTcs
3HAUMTENbHAs crneuuduka ero MposBIeHUS Y
McCleN0oBaHHBIX poldoB UKconun. PaspaboTaHbl
TAaOJMULBl OMNpEAeIeHUs YEThIPEX OCHOBHBIX
¢duzuonornyeckux Bospactop (I—1V) kieweit
000oux ponoB. MeTon npuMeHeH NMpU U3YYEHUU
NPpUPOAHbIX nonyasasuuu L persulcatus, D. reticu-
latus v D. marginatus B KOMIUIEKCE C BUPYCOJIO-
FMYECKUMHU HCCIEN0BAHUAMU. DKCHEPUMEH-
TaJbHO BBISIBJICHO BJIUsIHUE (DU3HOJIOTMYECKOTO
BO3pacTa KJIelllei Ha UX 3apaxeHue Bupycom KO
Y MPOHUKHOBEHHUE BUPYCa B CJAIOHY KJIELLEH, TpU
3TOM 3apaxKeHue CJIOHbI HE 3aBUCEJI0 OT KO-
JMYecTBa BUpyca B Tejde Kielna [PasyMosa,
AnekceeB, 1991]. HoBmlii Meton mno3Bojiser
MepeTH K MacCOBOMY ompeneaeHUIo pU3n0I0-
rMYeCKOro BO3pacTa XUBbIX KJIELIEeH U MPUHIIU-
MUAJIBHO PACHIMPAET BO3MOXHOCTH €ro IpH-
KJIAIHOTO NMPUMEHEHMUS.

The study of the physiological age (FA) of
ixodid ticks as well as the developing and improv-
ing the methods of the FA determination are still
very important [ Balashov, 1998; Uspensky, 1995].
Besides other reasons, the interest to this param-
eter is high due to the possibility of using it not
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only in population ecology studies, but also in
applied disciplines [Uspensky, Repkina, 1974;
Heller-Haupt et al., 1982; Mount, 1984;Rupes et
al., 1977, 1980; Walker, 1985]. The visual method
can be an optimal one for this purpose. The
previously published research data are not suffi-
cient for the method application in applied spheres
[Razumova, 1975, 1977, 1987; Javorsky et al.,
1983; Pung et al., 1987]. The present paper offers
a visual method of the ixodid tick physiological
age determination in vivo.

MATERIAL AND METHODS

Unfed ixodid ticks taken from the natural
focus of the TBE in the Zhiguli areain 1986—1987
served as the material for the analysis comprising
in total 1715 females [Ixodes persulcatus, 165
females Ixodes ricinus, 516 femaless and 214 males
Dermacentor reticulatus, and 188 females Derma-
centor marginatus. The tick age was determined
visually. Two hundred specimens of mentioned
species were analyzed additionally using anatom-
ical age features. The earlier obtained data on ticks
kept in the laboratory conditions have been also
included in the analysis [Razumova, 1977, 1987].

The determination of the tick FA has been
made according to a special methodology that
required using the bright background for studying
ticks. The alive ticks were placed in water or 0.7%
physiological solution in Petri dishes filled with
paraffin with a small amount of wax. Objects were
immersed untilthe water covered them complete-
ly and yet pressed by forceps for watering the tick
cuticle. One half of the container filled with water
was found to be sufficient for conducting the
analysis. After these manipulations the ticks were
studied using the stereomicroscope MBS-1 with
the magnifications 12.5 x 2 and 12.5 x 4. The
anatomical study of ticks was done according to
the earlier described methods [Razumova, 1977,
1987].

A VISUAL METHOD FOR DETERMINING THE
PHYSIOLOGICAL AGE OF TICKS

The indicators of ageing, described by Razu-
mova [1975, 1977, 1987], are analyzed in the
following paragraphs.

The body volume is decreasing with ageing. It
is evaluated according to a degree of roundedness
or flatness of the rear end of the body, as well as
deepness of grooves and festoon boundaries. Young
ticks have rounded rear half of the body, which is
slightly convex, and the rear end that is thickened
and faintly rounded dorso-ventrally. Senile ticks
have flattened body including the rear end. Their
body is concaved along with the postero-lateral
and marginal grooves. The festoon boundaries and
all the grooves are deep. All those features are
clearly seen from the tick dorsal aspect. On the

ventral side the anal area (anal triangle) is the most
susceptive to changes depending on the body
volume decrease. In young ticks this area is
slightly convex whereas in senile individuals it is
weakly deepened, drawn in, and separated by
deep grooves. The tick body volume decrease that
is associated with ageing was earlier noted by
Balashov [1961, 1962]. This feature as the only
reliable one was used by some authors for the FA
determinations [Pang et al., 1987].

The age-related changes in the cuticle, men-
tioned by us earlier [Razumova, 1975 etc.], are
now reconfirmed. The number of wrinkles of the
cuticle increases significantly with the ageing. In
young individuals the cuticle is relatively smooth,
whereas it is strongly wrinkled in senile ones. The
coloration of the cuticle also changes with the
ageing. It becomes lighter changing from the
regular color for the genus, which is dark grayish-
brown in Dermacentor or red grayish-brown in
Ixodes, to more yellowish (light grayish-brown or
light reddish-orange). The light coloration of the
cuticle is closely related to the decreasing of its
relative density. The age-related changes in the
cuticle of ticks, in particular structural ones, were
also noted when studied under the electron micro-
scope [Williams et al., 1985].

Earlier it was shown that with ageing the
internal organs of ticks can be more clearly seen,
especially the gut and Malpighian tubules [Razu-
mova, 1986, 1987]. In senile individuals of ticks
the contours of the gut and Malpighian tubules are
well discernible as well as the patchiness of the gut
in the species of the genus Ixodes. Lately this
diagnostic feature was called as a “visibility” of
internal organs through the cuticle by Balashov
[1998]. The thorough study of this feature made it
possible to develop and detail its visual applica-
tion. This characteristic appeared to be very useful
for the FA determination by the new method with
the application of the tick immersion in aquatic
media with the bright background. This method
makes the internal organs of ticks discernible. The
significant portion of anatomic ageing features
projects outwards through the cuticle that was
described by Razumova [1975, 1977, 1987]. The
method also makes some external features (small
grooves etc.) to be more contrasting.

The feature of the “visibility through the
cuticle” makes it possible to estimate externally,
with no dissection done, some anatomical ageing
characteristics. The manifestation of this feature is
caused by both changes in the cuticle with the
ageing, which lead to decreasing of its density and
lighter coloration, and by decreasing the volume
of the areolar connective tissue. The latter results
in the low density of the fat body and exposing of
internal organs deprived of the fat layer insheath-
ing them. Also the internal organs themselves
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become more contrasting with ageing: the gut is
becoming darker, the Malpighian tubules are
turning white. Consequently, the visibility of the
internal organs such as the gut, Malpighian tu-
bules, rectal sac and tracheae increases.

THE METHOD DESCRIPTION

On the basis of mentioned previously ageing
characteristics a visual method for determining
the FA of unfed adult ixodid ticks is proposed. A
new method is developed in detail for ticks of the
genera Ixodes and Dermacentor (Table 1, 2; Fig.
1-2). The determination is conducted according
to the aforementioned methodology using adult
ticks, which stay alive and intact after the manip-
ulations. Most features are evaluated from the
dorsal aspect of the tick whereas some parameters
checked on the ventral side as well. The following
features are used as the criteria of the FA: 1)
external: the body volume, 2) a number of wrin-
kles and the coloration of the cuticle, 3) the
visibility of the internal organs through the cutic-
ular coverings. The latter parameter is developed
in detail for the first time (Table 1, 2).

The “visibility of internal organs through the
cuticle” characteristic is evaluated with a complex
approach. First, it is identified what internal
organs are seen. Then, the anatomical condition
of the organs is estimated using partially the
anatomical ageing criteria described earlier: the
gut fullness, its coloration and patchiness, fullness
of the Malpighian tubules and rectal sac with the
content, the degree of tracheae insheathing with
the fat body cells [Razumova, 1975, 1987]. The
major indicator is the fullness of the gut and of its
visual parts: anterior diverticula (1—5 pairs), the
median portion, posterior diverticula (6 and 7
pairs) and the space between them. This is closely
associated with increasing contrast of the gut
itself, the darkening of the latter with ageing, and
decreasing the volume of the fat body insheathing
the internal organs.

The manifistation of some features is very
specific to both studied genera of ticks (Table 1,
2). For instance, the ticks of the genus Ixodes are
characterized by significant visibility of the inter-
nal organs through the cuticle, even through the
scutum in females, that is not observed in the
Dermacentor. Possibly this is explained by the
structural peculiarities of the cuticle and a differ-
ent volume of the fat body in ticks of various
genera [Razumova, 1987].

The changes of different parameters with
ageing are quite synchronous though no direct
correlation between them was ever reported [Ra-
zumova, 1977, 1982]. That means that the whole
complex of external and internal features should
be analyzed. However several features character-
istic for certain age periods do exist. For example,

the state when the midgut and Malpighian tubules
are hardly discernible, with no distinct boundaries
and look like being located deep into the body is
rather attributive to young individuals. This con-
dition results from the extensively developed mass
of the areolar connective tissue including the fat
body that fills in the body cavity of young ticks.
This condition is designated by the term “in
deepness” (Table 1, 2). The high contrast of
visible internal organs is characteristic for the
senior age groups of ticks. For example, in ticks of
the genus Dermacentor the thin black stripes of the
midgut diverticula, widened white Malpighian
tubules and the white rectal sac are all clearly seen
having the bright background presented by the
connective tissue. Senile ticks of the genus Ixodes
are characterized by the patchiness of the anterior
portion of the gut that is clearly discernible
through the cuticle (the “jaguar” feature, Table 1;
Fig. 1-2).

The principles, which form the basis for the
visual determination of the FA of ticks, are the
same as for the early known histological and
anatomical age indicators of ticks which reflect
the processes of the utilization of reserves and the
accumulation of excretes in the organisms of ticks
as well as the general biological changes in cover-
ings, turgor etc. associated with the process of
ageing. Continuous character of such processes in
ixodid ticks determines the smooth transition
from one FA to another without acute quantita-
tive and qualitative changes [Razumova, 1975].
The new method allows distinguishing four basic
FA periods in ixodid ticks: new born, young,
mature and senile (I-1V). These age groups were
earlier described by Balashov [1961, 1967, 1998]
and Razumova [1962, 1977, 1987].

The aforementioned basic age groups are the
most striking stages in the development of unfed
ticks. They correspond to major biological regu-
larity of ageing: a succession through certain
phases — growth, prematurity, maturity, and
senility. Within the every major age stage the
following substages can be distinguished: the early
stage, the stage fypica or stage per se, the late stage
and also the transitions between them. These
substages altogether compile the continuous
“smooth” working scale [Razumova, 1982]. Only
the individuals of II, III and IV ages were
represented in the collection of active ticks ob-
tained in nature, the phenomenon described
earlier by Balashov [1961] and other authors.

The earlier developed anatomical method
[Razumova, 1977, 1987] is a basal one for the new
method offered. The comparative analysis of both
methods showed that the divergence in the FA
determination results was as low as 10—15%. The
researcher’s gained experience is a significant
factor for the correctness of the FA determination.
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Table 1

Visual determination of physiological age of unfed ticks of the genus Ixodes

Tabnuua 1

BusyanbHoe onpeaeneHne GU3HOIOrMYeCKOro BO3pacTa rojIoNHbIX Kiewleid poaa Ixodes

Features Age
I — new born I1 — young Il — mature IV — senile

BODY VOLUME:

Significantly flattened,
concave laterally
alongside with
marginal grooves

Weakly convexbeyond Even or slightly
posterior body half Convex, rounded the scutum, having  flattened, somewhat
even lateral sides concave laterally

rear end Thickened Slightly thickened Slightly flattened Flattened

Surfice-locared, tiot Not deep, the groove Deep, the groove at  Deep, the groove at

grooves d is smoothened at the  the rear end weekly the rear endis
eep
rear end developed profound, deep
CUTICLE:
The cuticle is The cuticle is Lo = o
wrinkles relatively smooth, relatively smooth, no The cutlglc isislightly) The cutlc_le isistrongly
: , wrinkled wrinkled
no wrinkles present wrinkles present
The color is lighter
B S Regular color Regular color Regular color than regularly (with
(reddish) (reddish) (reddish) rusty-orange to
reddish-orange tinge)
CUTICLE
TRANSPARENCY:

Individual internal Individual internal Individual internal
organs are discernible organs are discernible organs are discernible
until the middle of the until the rear end of until the rear end of

Individual internal
through the scutum organs are not
discernible

scutum the scutum the scutum
anterior part of the
scutum
Anterior midgut Anterior midgut Anterior diverticulaof
rideut fulliess diverticula are diverticula middle- the midgut are thin
g relatively full, with full, with slightly with attenuate tips,
rounded ends rounded ends clearly seen

Clearly discernible,
Slightly discernible in dark-colored, contract

midgut patchiness Not discernible the anterior part of  at the frontal part of
the midgut the midgut ("jaguar”
pattern)
Only the middle part
P of the gut, 5* Only the middle part
All internal organs are diverticula of the of the gut, thin 5

weakly discernible ("in

deepness™), their average fullness and  diverticula and large

posterior part of the

scutum . the space between spaces between them
boundaries are not " e e
Aaai them and 6 and 6" diverticula are
diverticula are discernible
discernible
Posterior diverticula . )
y : Thin posterior
of the midgut, having . X
. diverticulaof the
the average thickness, _ . .
- : 5 5 ; : ; midgut, white loops of
Individual internal Individual internal white portions of s
Through the ol Malpighian tubules
organs are not organs are not Malpighian tubules 5
alloscutum ’ . ) . . and white spreads and
discernible discernible loops and occasionally

agglomerations of
tracheae are clearly
discernible

white spreads of
tracheae can be
discernible
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Table 2

Visual determination of physiological age of unfed ticks of the genus Dermacentor

Tabnuua 2

BusyanbHoe onpeneneHue pU3MONIOrM4eCcKoOro Bo3pacra roioHbIX Kieliedl poaa Dermacentor

Features Age
[ — new born Il — young III — mature IV — senile

BODY VOLUME:

Significantly

Weakly convex beyond Even or slightly flatkened, concave

posterior half Convex, rounded hé seatui Hatietied laterally alongside the
marginal grooves,
lateral sides turned up
rear end Thickened Slightly thickened Even.0r slightly Flattened
thickened
Deep. posteromedian Deep, festoon§ s
narrow, their
Surface-located, not  Surface-located or groove and festoon .
grooves, festoons . N boundaries and
deep superficial boundaries are .
) posteromedian groove
superficial «
-deep
Concave (drawn in),
: . Even, not convexor  separated from the
K 1
anal area Slightly convex Slightly convex slightly concave  ~~festoons by a deep
groove
CUTICLE:
. The cuficleiis DEIGHECIGrS re!atlvely The cuticle is slightly The cuticle is strongly
wrinkles relatively smooth, smooth, no wrinkles : .
. wrinkled wrinkled
no wrinkles present present
The color is lighter
. Regular color Regular color Regular color than regularly (with
coloration - . .
(greyish-brown) (greyish-brown) (greyish-brown) rusty-orange to
reddish-orange tinge)
CUTICLE
TRANSPARENCY:
through alloscutum:
Individual internal Individual internal Individual 'mtcrn-al Thc‘ml_dgut and
Gt o y organs are discernible Malpighian tubules
general visibility organs are not organs are slightly . e N
discernible discernible (midgut, Malpighian are clearly visible on
! tubules) the bright background
The midgut diverticula The m{dgut Q1vert1cula The midgut diverticula
) ’ are discernible, of are clearly
. are weakly discernible, . y
midgut fullness X : average fullness, discernible, black-
full in content, having : L.
. having sharp, colored, thin with
unclear boundaries : .
profound boundaries attenuate tips

Clearly seen, having

Not discernible or - . . o
: Visible, having white significant amount of

Malpighian tubules hardly visible ("in

o ; 0 i e the whi tent,
(fullness) depth"), thin, matt or o0 hg hite content
4 segments widened at some
semi-transparant
places
. Hardly discernible at Visible vi 1 n
tracheae (density) Y » ha ing Clearly seen,
some places average density numerous
Thing to average Think midgut
e .y Darkmass of the thickness midgut diverticula with
visibility around Individual organs are . ) . . ) ol 1
3 ) P midgut diverticula diverticula are visible  attenuate tips are
anus not discernible X ! ] X
predominates applying the bright  clearly seen using the
background bright background

Clearly seen, not
significantly filled
with white content,
widened

Weakly discernible, Visible, having the
rectal sac fillinness *  Not discernible semi-transparent or average amount of
weakly filled white content

* ventral view
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Fig.1. Unfed- females of Ixodes ricinus of different physiological age (FA): a — semi-dissected senile individual, IV FA, b —
anterior part of the gut, senile individual, IV FA.

D, .— midgut diverticula of 5, 7 pairs, SP — patchiness of the gut, R — rectal sac.

Puc.l. Tononuwie” caMku Ixodes ricinus pa3HbIX (HU3MOTOTUUECKUX BO3PAcCTOB: a — IIONYBCKpbITas cTapasi ocodp IV
usmonornyeckoro Bo3pacra, b — nepenHsis 4YacTb KUIICYHUKA CTapoil ocobu IV dusnonornyeckoro so3pacra.

D. . — oTpocTkM KullleyHnka 5—7 mapnl, SP — NATHUCTOCTDL KHMILIEYHHKA, R — peKTalbHBIA MYy3bIPb.

The weight of every particular characteristic is a
changeable parameter that can vary from one age
to another. This should be taken into account in
the development of the future test-systems for the
FA determination. Only few most indicative fea-
tures characteristic a for certain age stage are very
often sufficient in order to determine the FA
correctly for the experienced practitioners.

APPLICATION OF THE METHOD

The described method of the visual determi-
nation of FA in ticks in vivo was tested in the
natural populations of /.persulcatus, D.reticulatus,
and D.marginatus taken from the local focus of
TBE when studied the relationships between ticks
and the TBE virus. After the FA determination
manipulations the ticks stayed alive and intact that
is very important for this type of research. The
complex study of FA of ticks and the natural
occurrence of TBE virus in Lpersulcatus (1554
females) in a natural population from the TBE
focus during two seasons of the tick activity was
conducted for the first time [Razumova, Chu-
nikhin, 1989]. Significant differences were found
in virusophority of ticks from various age groups
(from 1.02—1.34% in II, 111 and transitional 11—
[11t0 0.32% in 1V). The individuals of D.reticulatus
(516 females and 214 males) from the same focus
were also studied to determine the virusophority
by the new method.

The experimental parenteral inoculation of
D.marginatus from different age stages (188 fe-
males) with TBE virus first time showed the
influence of the FA for the tick infecting. The
finding that the FA effects the transition of TBE
virus into saliva of ticks was especially important
[Alekseev et al., 1988b; Razumova, Alekseev,

1991]. The saliva of young ticks of the early 11
stage was shown to be completely free of virus.
The ticks at early 111 stage (50%) and significantly
less so senile ticks of the late IV stage (17%)
exposed the maximum number of cases when the
saliva was infected with the TBE virus. The
difference between II and I1I stages in the transi-
tion of virus with saliva is supported statistically
(P=0.97). Supposedly these differences can be
explained by the presence of the fat body barrier
in the young ticks that prevents the virus transition
into salivary glands. It was also proved that the
infestation of saliva did not depend on the virus
titer in the body [Razumova, Alekseev, 1991].
Some association between the infestation of ticks
and their activity that is age-dependent was stated
for the same group of infested ticks presenting
different age stages [Alekseev et al., 1989].

We also used the visual determination of the
FA of ticks in the experiments set up to study the
behavior of I .persulcatus individuals parenterally
infested with the TBE virus [Alekseev et al.,
1988a]. We selected the physiologically monoto-
nous group of individuals (161 females) belonging
to II-early 111 age stage from the same population.
We considered this group to be optimal for this
particular experiment taking into account survival
rate and activity of individuals from different FA
stages. In fact, the physiological consistency of the
experimental group neutralized the possible influ-
ence of the age on their activity that was of utmost
importance for the experiment. The application of
the visual method of the FA determination of ticks
in vivo in a complex with virological investigations
showed the new opportunities and a prospective
for the method usage for studying ticks as the
pathogen vectors.
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I11

Fig.2. Unfed females of Dermacentor reticulatus of different physiological age (FA). Dissecting of individuals 11, 111 and 1V FA:

a — dorsal aspect, b — ventral aspect.

D, — midgut diverticula of 7 pair, M — Malpighian tubules, R — rectal sac, F — fat body.

Puc.2. Tononneie camku Dermacentor reticulatus pa3Hbix (usnogorndeckux Bo3pacToB. Bcekpwiteie ocotu 1I, 111, u IV
GU3MONOTMYECKUX BO3PACTOB: @ — C JOPCAJIbHON CTOPOHBI, b — ¢ BEHTPAJIbHOM CTOPOHBI.
D, — oTpocTku KMiIeyHWKa 7 mapol, M — Manbmuruesbl cocyiabl, R — pekranbHerit nmysoips, F — Xuposoe Teno.

CONCLUSION

A new method of visual determination of FA
of ticks in vivo was developed for unfed adults of
the genera Ixodes and Dermacentor. 1t is based on
the original method of studying alive tick im-
mersed in water with the bright background. The
method criteria are as follows: 1) the body volume;
2)anumber of wrinkles and the cuticle coloration;
3) the transparency of the cuticle and the visibility
of internal organs through the coverings. The
letter complex criterion is the leading one in a new
method. It has a significant generic specificity.
The tables for the FA determination were devel-
oped for both genera of ticks.

The application of a new method for the
determination of FA of ticks in natural popula-
tions of Lpersulcatus, D.reticulatusand D.marginatus
from the focus of TBE in a complex with virolog-
ical surveys and the experimental study of rela-
tions between the mentioned species of ticks and
the TBE virus showed the new existing opportu-
nities of applied usage of the FA determination of
ticks for studying their relationships with the
pathogens. The accessibility of the method, the
fact that ticks stay alive after the procedure, the
express FA determination with minimum labor

efforts required make it possible to recommend
the method for the FA determination and to
expand the spheres of its possible applied usage.
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