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THE BASIC CONCEPTS OF ANTAGONISTIC AND SYNERGISTIC
INTERACTIONS IN MULTI-COMPONENT HOST-PARASITE SYSTEMS
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NAPA3UTOB B CNOXXHbIX NAPA3UTAPHbLIX CUCTEMAX NEPEHOCYUK—
NMAPA3UTbI U BO3BYAUTENU BONE3HEN
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ABSTRACT

An attempt was made to discover the basic
concepts of interrelationships between blood-
sucking arthropods and transmitted by them path-
ogens. An analysis was made on the basis of rather
long-term (1996—2000) studies of vector—patho-
gen interactions the cases of antagonism of differ-
ent pathogens, inhabitants on some long-living
host, ixodid tick, were examined. In some details
were considered cases of antagonism on the organ
level (Rickettsia peacocki — Rickettsia rickettsii),
tissue level (Salmonella typhimurium — TBE vi-
rus), cell level (borreliae — TBE virus), and
subcellular level (TBE and Povassan viruses). An
attempt was made to discover the markers of
synergistic interaction using as a tool the locomo-
tor and <«hunting» activity parameters of the
multyinfected (Borrelia and Ehrlichia) host (Ixo-
des persulcatus).

PE3IOME

Ha ocHoBaHMM MHOTOJIETHMX HaOII0AeHUI
(1996—2000) 3a B3aMMOOTHOILEHUAMH KPOBOCO-
CYLIMX YJIEHUCTOHOTUX C MEPEHOCYUKAMHU HIIU
BO3OYAUTEISIMU CHEJAHA MOMBITKA PACCMOTPEHUS
OCHOB, OTPEICISIONINX B3aUMOAEMCTBHE KOMITO-
HEHTOB B CJIOXHBIX CHUCTEMAaX MEePEeHOCYUK —
BO30yAUTENU, Hacensolme ero. PaccMoTpeHbl
Cllyyau aHTaroHM3Ma Bo30ynuTeseil Ha mpuMepe
MYJIBTUMH(PUIMPOBAHHBIX JOJTOXMBYLLIUX IIEpe-
HOCYUKOB — UKCONOBBIX KJIEllleii HA OpraHHOM
(Rickettsia peacocki — Rickettsia rickettsii), TKa-
HeBoM (Salmonella typhimurium — Bupyc K39),
KJIeTOYHOM (Ooppesun — Bupyc KO) u cybkie-
ToyHOM (BUpYc KO — Bupyc IToBaccaH) ypoBHAX
opranuaMa xo3siMHa. CrejlaHa MoIbITKa BbISIB-
JE€HUsI CUHEPIrUCTUYECKUX OTHOIIEHUI pa3HBIX
BO30yauTeNed OoOJie3HEl IyTeM H3MepeHUs
NapaMETPOB TMOBENCHUS] 3apaKeHHBIX JIBYMS

BO30yAUTENAMU (OOpPENUU U SPJIUXHUH) KeLIei-
xo3seB (Ixodes persulcatus).

An analysis of rather long-term (1996—2000)
studies on the interrelationships between parasites
and their invertebrate hosts, blood-sucking ixodid
ticks first of all, allows for a number of general
statements to be advanced that reveal the essence
of the interactions in multi-component host-
parasite systems. These statements are as follows.

As a form of their existence, multiple infec-
tions of the vector by parasites is a rule rather than
an exception [Alekseev, 2000]. Microbes patho-
genic to man is only a part far from the main one
of the vector organism’s microbiota.

Transmissible diseases of the geologically
young species Homo sapiens known to have but
very recently become ubiquitous is a rule. Man is
a dead-end link in the network of most of the
natural focal microbioses transmitted by blood-
suckers. As regards the infections borne by ticks as
the most ancient organisms in the network, man
is always a dead-end. In contrast, some verte-
brates as well being ancient members of host-
parasite systems by serving natural reservoirs for
microorganisms are only exceptionally suscepti-
ble to tick-borne diseases. It is because of this that
the recently revealed distant transmission of path-
ogens by ixodid ticks jointly feeding on an avirem-
ic vertebrate host [Jones et al., 1987; Alekseev,
Chunikhin, 1991; Gern, Rais, 1996] is a rule. It is
because of this that students searching for hosts
showing high, superthreshold, levels of virusemy,
e.g. TBE tick-borne encephalitis, have failed.

The species of microorganisms requiring for
their existence/survival both in space and time the
long-living species of the tick genus Ixodes whose
life-history lasts 3—6 years use transphase (from
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one stage of tick ontogeny to the next, from one
year to the next), sex (from the male to the female)
and/or transovarial (from the female to the ova)
ways of trasmission. Due to these mechanisms,
ticks serve not so much as vectors but rather
reservoirs for microorganisms, including patho-
gens [Alekseev, 1993].

In the globe’s temperate belt, Ixodes species
being relatively poorly vagile per se but highly
tolerant to environmental conditions (tempera-
ture and, when attached to a host, even air
humidity) appear highly potent to dispersal. This
is secured by means of a strong apparatus of
attachment, an extended period of feeding and a
wide range of vertebrate hosts whose blood can
be consumed, e.g. larger mammals by adult ticks,
birds by tick preimaginal stages (larvae and
nymphs). Parasites of ticks, including such path-
ogens as tick-borne encephalitis virus [Chu-
nikhin, 1966] and borreliae [Olsen et al., 1995],
thus take their advantage by also using this very
potential.

The multiple pathways of germ transmission
is a condition basic to a stable maintenance of
tick-agent systems both in time and space [Ale-
kseev, 1993].

Interactions between the pathogens inside
the tick microbiota underlie the different reac-
tions of uninfected vs. infected ticks to such
abiotic environmental factors as temperature and
humidity gradients as well as gravitation. Such a
variety of reactions determines plasticity of the
many vectors composing a population [Alekseev,
Dubinina, 2000; Alekseev et al., 2000].

Polymorphism (often displayed even mor-
phologically in the conditions of anthropogenic
pressure) of and genetic variation in tick popula-
tions provide a sufficiently high diversity of tick
pheno- and genotypes with qualitatively and
quantitatively varying characteristics of accompa-
nying pathogens. This is basic to variation in both
extensity and intensity of infection, in the long run
determining the stability of their foci [Alekseev,
Dubinina, 2001, in press].

The main thesis concerning multiple infec-
tions, when analyzed as regards the various organ-
isms populating the host microbiocosm, allows for
a better understanding to be accomplished of at
least some of the antagonistic and synergic inter-
actions existing between the various microbial
components. The interactions are known to occur
at organ, tissue, cellular, and subcellular levels.

As an example of organ-level antagonism,
interactions between some rickettsian species can
be quoted. Thus, as discovered relatively recently,
the «East side agent» preventing circulation of
Rickettsia rickettsii, the agent of Rochy Mountain
spotted fever, is still another rickettsia species,

Rickettsia peacocki [Niebylski et al., 1997]. This
latter agent seldom occurs in the hemolymph of
the tick Dermacentor andersoni, its true concentra-
tion site being the female ovarioles. Rickettsia
rickettsii fails to be transmitted transovarially in
such ticks because the niche is taken up by R.
peacocki, whereas transphase transmission alone
appears insufficient for a stable germ circulation.

Tissue antagonism is demonstrable by the fact
that so far all attempts at an induced infection by
tick-borne encephalitis virus of Ixodes persulcatus
ticks whose cell epithelium is destroyed by the
bacterium Salmonella typhimurium have failed.
Such ticks are simply «immune» to tick-borne
encephalitis virus received with blood [Kon-
drashova, 1974].

Antagonism between borreliae, if bacteriosis
is primary, and tick-borne encephalitis virus [Ale-
kseev et al., 1996; Alekseev, 2000] seems to occur
through borrelian ligands blocking the host cell
membranes.

TBE and Povassan virus interference takes
place at an endocellular, maybe even genome,
level [Khozinskaya, 1986].

As one cannot exclude absolute antagonism
between certain components of the host micro-
biocosm, this phenomenon would lead to com-
plete immunity of the vector to the study agent.

Revelation of synergic relationships is far
more complex. These are largely perceived by
students as a «peaceful coexistence» of the various
agents inside the tick organism. Yet tick locomo-
tor activity estimates [Alekseev et al., 2000] reveal
at least some combinations of microorganisms
that tend to increase both locomotor and «hunt-
ing» activities in the taiga tick Ixodes persulcatus.
Such a kind of synergism is observed in L persul-
catus infected by both borreliae and erlichiae.
Thus, taiga ticks containing the spirochete Borre-
lia afzelii and/or B. garinii as well as Fhrlichia
muris are significantly more active than monoin-
fected individuals [Alekseev, Dubinina, 2001].

A conceptual approach to assessing the inter-
actions between the various components of a host
microbiota, in particular as applied to such an
ancient arthropod group as blood-sucking ticks,
seems the only reasonable and realistic way of
analysis in revealing the systemic properties of
multi-component host-parasite systems. As it is
ectoparasites (e.g. ticks) that are involved as
model in such studies, there are no experimenta-
tion morals concerning lab animals that can be
violated.
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