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Abstract. Circulating antibodies to larval Argas polonicus antigen detected in the blood of pigeons
by means of ELISA reach their highest level 3—6 days post-tick attachment. During 68 days post
infestation when most larvac detach from their host, there is an abrupt drop of the antibody level
in blood followed by second peak at day 10-—15. During the secondary and subsequent infestations
the dynamics of the antibody production is analogous, but the maximum absorbance values found are
higher with each following infestation. This is in direct correlation with the growth of immuneresistance
of hosts. The transfer of immunoglobulins of resistant pigeons produces in naive hosts a partial resist-
ance manifested in a statistically significant (P < 0.01) reduction of the number of engorged larvae,
in the shortening of larvul feeding period and in the decrease of their mean weight after feeding.
However this resistance was significantly (P < 0.01) less expressed than in naturally resistant pigeons
during secondary infestation. The protracted effect on the duration of premoulting period and the
percentage of moulted larvae manifested in larvae after secondary infestation was not apparent in
Iarvac fed on immunoglobulin recipients. Six major protein components from larval extract having
molecular weight of approximately 19, 21, 283, 27, 45 and 165 kilodaltons, were recognized by serum
of resitant pigeons.

Acquired resistance of laboratory animals to tick infestation has an immunological
basis consisting of cell-mediated, antibody-mediated and complement-dependent
effector mechanisms (Wikel and Whelen 1986). The antibody-mediated response
of hosts to tick feeding has been proved by detection of circulating anti-tick anti-
bodies in infested hosts and by successful passive transfer of resistance by serum from
resistant to naive hosts (Wikeland Allen 1982, Allen 1987). In some cases, however,
only partial or no resistance has been obtained by recipients of immune plasma or
serum. The failure in these experiments indicates that both the immune serum
factors and immune cells may be necessary to achieve complete resistance (Askenase
et al. 1982, Wikel and Allen 1982).

The circulating antibodies were detected in rabbits and guinea pigs after Ornitho-

.doros moubata feeding (Brossard et al. 1981, Centurier et al. 1981), but no attempts

were made at passive transfer of immune resistance to argasids from host to host.

Since the pioneer work of Trager (1940) no acquired resistance of bird hosts to
argasid ticks had been reliably confirmed until the results of investigations on acquired
resistance of pigeons to Argas polonicus were published by Dusbédbek and Skdrkovi
—S8pakové (1988). In this study also the circulating anti-tick antibodies in serum
of resistant pigeons were detected by means of counter current immunoelectrophoresis,
using the extract from whole larvae and salivary glands of adults as antigen. Cuta-
neous response of sensitized pigeons to 4. polonicus larval feeding was studied by
Dusbébek et al. (1988) and characterized as cutaneous basophil hypersensitivity
reaction.

Several proteins were recognized by serum of resistant hosts as antigens in salivary
gland-, organ- or whole larvae-derived materials of hard ticks (Whelen et al. 1984,
Wikel and Whelen 1986, Brown and Askenase 1986, Shapiro et al. 1986, 1987,
Gordon and Allen 1987), having the molecular. weights of 16—172 kilodaltons.
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Unfortunately no attempts were made to characterize the antigens produced by
argasid ticks.

In the present paper we try to characterize the larval antigens of 4. polonicus
and define the role of antibody-mediated host immune response in the mechanism
of acquired resistance of pigeons to this argasid.

MATERIALS AND METHODS

Larvae of the fourth laboratory generation of Argas (Argas) polonicus Siuda, Hoogstraal, Clifford
et Wassef, 1979 from a colony of the Institute of Parasitology, Czechoslovak Academy of Sciences,
Ceské Budsjovice, obtained originally from the type locality at Krakow, Poland, were used in our
experiments. The ticks were maintained in cotton plug-topped vials inside glass jars over a saturated
solution of NaCl at 27 + 1°Cand 756 + 5§ % RH in darkness. One hundred of 30 —60 day-old larvace
were used for cach experimental infestation.

Seventeen urban feral pigeons captured beyond the distribution area of 4. polonicus were used
as hosts. Seven pigeons were treated with 1 ml of immunoglobulins (total protein content 8.63
mg . ml-1) isolated from the serum of pigeons sensitized by five subscquent infestations of argasid
larvae at two-week intervals. The immunoglobulins were administered partly to brachial vena,
partly to pectoral muscle of cach pigeon. Five of them were infested with argasid larvae, two served
us treated control. The other three pigeons served as untreated control in this experiment. The re-
maining seven pigeons were used for study of dynamics of circulating anti-tick antibodies in peri-
pheral blood during natural infestations. The number of successfully engorged larvac, total weight
of engorged larvae detached from hosts on individual days, duration of feeding and premoulting
periods and percentage of moulted larvae were recorded.

Tor detection of anti-tick circulating antibodies in serum the common method of ELISA according
to Voller et al. (1979) was used. Serum samples were diluted 1 : 50 in phosphate buffered saline
pH 7.4 with 0.05 9, Tween-20 and incubated for 1 hour at 37 °C on plates (M 29, Dynatech), coated
with antigen diluted on 2.5 pug . ml-! final protein content with coating buffer (sodium bicarbonate
pH 9.6). After washing 100 pl of 1 : 40 diluted conjugate (rabbijt anti-pigeon immunoglobulin peroxi-
dase conjugate) was added and incubated for 1 hour at 37 °C. O-phenylencdiamine (Lachema, Broo)
in phosphate-citrate buffer (pH 5.0) scrved as substrate. Reaction was stopped with 2.5 M sulphuric
acid after 15 min. incubation in darkness under laboratory temperature. Results were read on MR 580
microplate reader on line connected with Apple II computer. Intensity of rcaction was recorded
as absorbance at 492 nm. Each serum sample was tested twice.

Pigeon imimunoglobulins both, from tho serum of sensitized pigeons for experiments on passive
transfer of immune resistance, or from the serum of naive pigeons for rabbit immunization, were
prepared as an ammonium sulphate precipitate of whole pigeon serum and desalined by the rapid
column chromatography method on Sephadex G-25 (Hudson and Hay 1980). Rabbit immunization
against pigeon immunoglobulins was performed by double subcutaneous administration of 250 ug
of naive pigeon immunoglobulins together with 1 ml of Al-Span-Oil adjuvants (SEVAC, Prague)
at two-week interval. The rabbit anti-pigeon immunoglobulins were then separated from the rabbit
serum by the same method and the conjugate was prepared using double-step glutaraldehyde methods
after Avrameas and Ternynck.(1971).

The whole larval extract in 0.15 M phosphate buffered saline (pH 7.4) was used as antigen in
final protein content 2.5 pg.ml! for ELISA test. Antigens for polyacrylamide gel electrophoresis
were prepared from 80 A. polonicus larvae homogenized in 500 pl of SDS reducing sample buffer
(Laemmli 1970), then centrifuged for 10 min. at 5.000 g at 4 °C. Four two-fold diluted concentra-
tions of homogenate supernatant were used, starting from concentration corresponding approximately
to five larvae per gel house.

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was used for antigen
proteins separation. SDS-PAGE was performed in 10 9%, homogenous running gel after Laemmli
(1970). An amount of 30 pl of larval homogenate was mixed 1 : 1 with sample buffer and heated at
100 °C for 3 min. The samples were double applied on the surface of the gel and electrophorized on
Pharmacia GE 2/4 vertical slab electrophoresis apparatus under constant voltage 120 V until the
tracking dye reached the bottom of gel. Proteins were detected by staining with Coomassie brilliant
blue R-250. Pharmacia low molecular calibration kit was used to determine the molecular weights
of separated proteins.

For antigen detection the blotting method of Towbin et al. (1979) was used. After the electro-
phoresis the gel was immersed in blotting buffer (0.025 M Tris, 0.192 M glycine, 20 % methanol,
and 0.04 9%, SDS) for 30 min., then the separate proteins were electroblotted to nitrocellulose membra-
ne. After this procedure the nitrocellulose sheet was immediately immersed in 5 %, skim milk in
phosphate buffered saline (PBS) containing 0.05 % Tween-20 (30 min.), then five times washed with
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PBS-Tween and incubated with horseradish peroxidase-conjugated rabbit anti-pigeon immuno-
globulins at a dilution of 1 : 20 for 45 min. Thereafter, the blots were washed as before and antigen-
antibody complex visualized by incubating in substrate solution (12.5 mg of 3.3-diaminobenzidine,
15 pl of 30 9% H;0; in 30 ml of 0.1 M Tris-HCl buffer pH 7.6). The procedure was stopped by 0.5 %
NaNj; after a good contrast of zones was reached.

%? (chi-square) calculation and Student’s t-test were used for the statistical analysis of the results.

RESULTS
A. Dynamics of anti-tick circulating antibody production

Increased absorbance was detected in the sera of several naive hosts by means of
ELISA as early as on day 2 post infestation with larval ticks and reached its first
peak in individual experimental pigeons between days 3 and 6. There was a marked
decrease of circulating antibodies between days 6 and 8 followed by moderate in-
crease of their levels reaching the sccond peak at day 10—15 (Fig. 1). At secondary
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Fig. 1. Dynamics of circulating antibody formation in pigeons repeatedly infested with Argas (4.)
polonicus larvae (KLISA, mean absorbance values at 492 nm).

and subsequent infestations the dynamics of antibody production had a similar ten-
dency; however, the antibody level increased in individual experimental pigeons within
4—6 days post infestation, with a first maximum of antibodies between days 6 and
8 and an abrupt drop at about day 10. The values of maximum absorbance at second
and fifth infestation were higher than those at primary infestation (Fig. 1).

After intravenous/intramuscular administration of immunoglobulins of resistant
pigeons the recipients showed an increase of antibody levels on day 2 after application,
with the maximum about day 3 and an abrupt drop as early as day 6 after applica-
tion (Fig. 2A). Maximum values of antibody absorbance were considerably higher
than in pigeons primary infested with larval ticks. In pigeons, to which immuno-
globulins were administered at the simultaneous larval infestation, the level of maxi-
mum absorbance was also higher than in primary infested naive pigeons. In these
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Fig. 2. Dynamics of circulating antibodies in pigeon recipients of immunoglobulins from the sera,
of resistant hosts. A — pigeon recipients of immunoglobuling without tick infestation; B — pigeon
recipicnts of immunoglobulins infested simultaneously with Argas (A.) polonicus larvae; C — pigeon
recipients of immunoglobulins repeatedly infested with 4. (4.) polonicus larvae (ELISA, mean values
of absorbance at 492 nm). '
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cases two absorbance peaks were recorded, the first within 2—3 days, the second
about day 10 post infestation with consecutive antibody decrease about day 15.
During the secondary infestation of treated pigeons the values of antibody absorbance
did not reach the level detected at the primary infestation and were approximately
at the level of secondary infestation of naive pigeons (Fig. 2B, C).

B. Passive transfer of immune resistance

By means of intravenous/intramuscular administration of immunoglobulins from
resistant pigeons to naive hosts a partial immune resistance could be induced, mani-
festing itself in the reduced number of fed larvae, in the decrease of their weight
and in the shorter feeding period on host (Table 1). These parameters were markedly
lower (P < 0.01) in treated pigeons than in control pigeons, but markedly higher
(P < 0.01) than at the secondary infested control pigeons, which had been actively
sensitized with larval ticks at the primary infestation. In three out of five experimental
pigeons these differences in the number of rejected larvae, the weight of engorged
larvae and the feeding period as revealed in treated and control pigeons were very
prominent, but in two cases no detectable immune resitance was induced by transfer
of immunoglobulins. In the next two parameters observed — the duration of pre-
moulting period and the percentage of moulted larvae — the influence of passive
transfer of immune resistance in recipients did not show despite the fact that after
active immunization with larvae during primary infestation there was a significant
(P < 0.01) decrease of their values in both, the control and experimental pigeons
(Table 1).

Table 1. Comparison of feeding success and future development of larvae of Argus polonicus fod
on control pigeons and on recipients of immunoglobuling from immune serum (meann - SD)

1st feeding 2nd feeding

\
| Control Ig-recipients & Control i Ig-recipients
|
| Larvae engorged (°;) l 87.5 66.3 ! 36.0 17.7
I Mean weight (mg) 2.16 - 0.06 ’ 2,10 .- 0.15 1.85 - 0.16 2.02 ' 0.18
Feeding period (days) . 6.36 - 0.64 6.26 - - 0.63 6.14 - 0.70 6.15 © 0.57
Premoulting period (days) 13.12 1.48 13.48 :- 2.46 9.42 - 1.23 9.90 1.94
! Larvae moulted (%) ! 94.29 94.97 81.94 92.45

C. Immunoblotting studies

By method of immunoblotting 14 distinct antigenic fractions were demonstrated
in the homogenate of A. polonicus larvae, their molecular weight being from 165
to 19 kilodaltons, while six of them with molecular weight about 165, 45, 27, 23, 21
and 19 kilodaltons represented antigenically dominant fractions (Fig. 3). The compa-~
rison of nitrocellulose replica to homogenate proteins stained with Coomassie brilliant
blue under conditions of SDS-PAGE shows clearly that these dominant fractions
agree with the corresponding protein fractions of the homogenate (Fig. 3).

DISCUSSION

Argas polonicus larvae feed on pigeon hosts for 4—9 days; about 70 % engorge to
repletion within 6 days and over 90 %, within 7 days (Dusbébek and S8karkovi—
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Fig. 3. Protein profile and immunoblot of fractionated Argas (A4.) polonicus larval extract. A —
Pharmacia low molecular calibration kit; B — SDS-PAGE stained with Coomassie brilliant bluc;
C — immunoblot analysis of proteins recognized by serwm of resistant pigeon.

Spakové 1988). This rhythm of feeding agrees with the dynamics of the production
of anti-tick circulating antibodies in naive pigeons. In our experiment the first, probab-
ly nonspecific antibodies could be detected by ELISA method since day 2 post-
infestation and reached their highest levels in individual experimental pigeons between
days 3 and 6. Between days 6 and 8, in some experimental pigeons as late as day 10,
a marked drop of their levels was noted and followed by moderate increase of the level
of probably specific antibodies until day 15. The kinetics of the antibody response at
secondary and subsequent infestations ran a similar course, but the increase of antibody
level was higher. At the secondary infestation the absorbance values were higher by
25 %, at the fifth infestation they were higher by almost 30 % than at primary infesta-
tion. This is in direct correlation with the growth of acquired resitance of hosts to
larval ticks. Comparable results were obtained by Fujisaki (1977) and Fujisaki
et al. (1980) in the studies on the production of precipitating and complement-fixing
antibodies in rabbits infested with Haemaphysalis longicornis. These authors also
recorded a gradual increase of antibody titres with the increasing number of infestations
and-a decrease of titres of precipitating antibodies in the period between infestations.
The increase of titres of the two types of antibodies was detected as late as in the se-
cond week after primary tick infestation, namely in the period following their detach-
ment, and the decrease of antibody titres was much slower — taking several weeks
at the second and third infestations. Likewise Brossard and Girardin (1979)
detected increasing titres of specific IgG in the sera of rabbits as late as at the end
of the feeding of Izodes ricinus females on their host. These differences may have
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resulted from the methods used and from the entire arrangement of the experiment,
but they may also have been due to the different species of tick and host as study
objects. Brown et al. (1983) pointed out the differences in the blood basophil kinetics
in hosts parasitized by ixodid and argasid tisks and McLaren et al. (1983) called
attention to the differences in cutaneous cellular response in guinea pigs infested with
ixodid and argasid ticks. Guttman et al. (1971) who studied antibody response of
pigeons on bovine serum albumin (BSA) as a model antigen, found a relatively weak
reaction by means of indirect haemagglutination and ring tests after the first admi-
nistration of antigen and an accelerated onset of reaction as well as an increase of
antibody titres after the second and third administrations of antigen. Similarly as
in our experiments these authors detected increased antibody titres as early as from
day 4 and a moderate decrease of titres on day 8 after administration of antigen.
The influence of reactivity of different host as well as tick species from a different fa-
mily is consequently the most probable.

Antigen presenting cells such as Langerhans cells in particular and probably
macrophages as well, have been shown to bind tick antigen and are undoubtedly
involved in the sensitization process in guinea pigs (Allen et al. 1979). Langerhans
cells were shown to be capable of presenting tick salivary antigen to syngeneic lympho-
cytes (Nithiuthai and Allen 1985, Allen 1986). A similar system simulating ad-
juvant effect, gradually releasing tick antigens is apparently activated in pigeons
as well and may be responsible for the slow growth of the amount of circulating
antibodies after primary infestation at a time when the ticks have already terminated
their feeding, such as was the case of our experiments between days 10 and 20 after
the first infestation.

Although a level of antibodies exceeding the level of the first natural infestation was
reached in the blood of susceptible hosts by transfer of immunoglobulins from resistant
pigeons, the immune resistance became manifest in recipients only in part (in two
cases not at all), namely in those parameters which are closely related with the process
of feeding on host (percentage of engorged larvae, period of feeding and weight of
engorged larvae). The protracted effect, which became manifest in the duration of the
premoulting period and the percentage of moulted larvae after secondary feeding on
control and treated pigeons, was not recorded in larvae fed on Ig-recipients. This
fact suggests that in the case of A. polonicus the host anti-tick immunoglobulins,
ingested in the tick blood meal taken on resistant host, are quickly neutralized by
the immune system of the tick (Ben Yakir et al. 1986) and therefore do not affect
its further development, although the serum proteins have retained their antigenic
properties in the hind gut for at least 20 days, as observed by Weitz and Buxton
(1963) in Ornithodoros moubata.

The fact that in two Ig-recipients the resistance did not become evident (although
In antibody levels and kinetics these pigeons did not differ from partially resistant
host) points out the different reaction ability of different specimens. The development
of a mere partial resistance in other pigeons after application of immunoglobulins
from resistant hosts indicates the important role of other components of antibedy-
-mediated, complement-dependent and cell-mediated effector mechanisms in the
development of complete immune resistance to ticks.

The two-peak curve of the oecurrence of anti-tick antibodies in infested Ig-recipi-
ents is evidently due to the detection of injected immunoglobulins at the first peak
and host antibodies proper at the second peak, as follows from the time localization
of these peaks until days 3 and 10 post infestation.

From 14 antigenic fractions recognized by serum of resistant pigeons in the homo-
genate from A. polonicus larvae only six (165, 45, 27, 23, 21 and 19 kdal) represent the

89



dominant antigenic fractions, which correspond with protein fractions of homogenate.
Shapiro et al. (1986) found in the homogenate of salivary glands of Rhipicephalus
uppendiculatus 12 antigens recognized by serum of resistant guinea pigs from which
only 5 were strongly recognized; these antigens had molecular weight of 94, 58, 35, 20
and 16 kdal. Only the 35, 20 and 16 kdal antigens were relatively constant, occurring
also in nymphal and larval stages. The 90 kdal salivary gland protein of R. appendi-
culatus was strongly recognized by resistant rabbit serum as a main antigen, inducing
partial host resistance to the feeding of this tick species (Shapiro et al. 1987). Brown
ct al. (1984) and Brown and Askenase (1986) demonstrated that a 20 kdal protein
derived from salivary glands of Amblyomma americanum is the only antigen recognized
by guinea pig anti-tick antibody. It induces skin reaction in tick-sensitized animals
and protects naive animals from tick infestation. Whelen et al. (1984) and Wikel
and Whelen (1986) found in Dermacentor andersoni larval antigens 4 components
(98, 41, 35 and 25 kdal) which were recognized by guinea pig resistant serum.

Molecular weights of antigenic fractions from the homogenate of A. polonicus
larvae (165, 45, 27, 23, 21 and 19 kdal) ascertained by us resemble the molecular weights
of antigenic fractions of homogenates from other tick species and genera and it
appears that the antigenic fractions of lower molecular weights are often the most
antigenically active ones and play the decisive role in the antibodv-mediated response
of hosts.
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ONNOCPEJAOBAHHLBINMN AHTUTEJAMMU OTBET I'OJNYBEN
ITA KOPMJTEHME HA HMUX TJMUYMHOK KITEINIA ARGAS
POLONICUS M XAPAKTEPUCTUKA IMYMHOYHOIO
AHTUTEHA

®, Nycbabexk, LI Jykem, B. Matrbxa unu JI. Tpybrodgpdep

Pesiome. L{MpPKYyAMDYIOWIMC AHTUTENA NMPOTUB JNMUMHOYHOrO AHTUrEHA KJjewa Argas po-
lonicus, KOTOpble MOXHO OOHApY>XMTb B KpPOBU TojyGen ¢ nmomouibto ELISA, pocturaioT
CaMOTO BBICOKOTO YPOBHA 4Ycpe3 3—6 AHEN IOCHE TIPUMKPEIIEHUs JMUMHOK. Ycped 6—8
JIHCH TIOCJNE MX NPUKPEMNIEHMs, KOrjia GOJNbIUMHCTBO JMUMHOK OTBAJNUBAETCA OT XO3SIMHA,
YPOBEHb AHTUTEJ B KDPOBM DE3KO TMOHMIKAETCA, HO 4epe3 10—15 JHEN BHOBb NMOBLUIIACTCH.
B xoJe BTOpPOI'O M JAaNbHEHIUMX 3apPaXKECHUY AUHaAmMMKA 00pA30BaHUS AHTUTEN AHANOrUYHA,
HO MAKCUMMalbHbIC BENUUMHBl abcopOiuuu npu peakimn ELISA npuM KaxIOM HaabHEHIIEM
KODMJICHUW JIMUMHOK JIOBBINIAIOTCH. DTO HAXOAUTCA B NPAMOM KODPEAAMIUM C DPOCTOM
MMMYHHOH YCTOWYMBOCTM XO0351€B. VHBEKIMM HMMYHOIJIOOYJIMHOE YCTOMYMBBIX Tronyoen
BBI3bIBAECT Y HCCEHCUOMIM3MPOBAHHBIX XO35€B UYACTMYHYIO YCTOMUMBOCTB, NMPOSBIAIOLIYIOCH
B CTATUCTHUECKU 3HAUMMOM (P < 0,01) NOHMIKEHMM UMCIA HANUTABINMXCS JUUYMHOK, COKpa-
UIEHUM TIPOLOJKMTENBHOCTM KOPMJIEHMS JUUMHOK M TIOHVDKEHMM MX CPEJHEro Beca MOCHE
KODMJICHNMS. YPOBEHb 3TOM YCTOMYUBOCTU HE AOCTUTAET NAPAMETPOB €CTECTBEHHOW YCTOM-
YUMBOCTM TONYOEH BO BPEMS BTOPOro 3apPa’kKEHMS JMUMHKAMM KJEHA. 3ana3fblBAloILEe
BO3JACWCTBYUE HA NPOIAOKUTCIBHOCTh MEPUOJA AO JMHBLKM U IIPOUEHT JIUHSBLIMX JIMUMHOK,
OpPOSABUBLIECECH ¥ JIMUMHOK ITOCNE BTOPOro 3aPa)KE€HHUY, HE BBHIABUNOCH y JUUYMHOK, NMUTAB-
LIMXCS HA PEUUNUEHTAX UMMYHOrixob6ynuuoB. Ilecth KpPYNHbIX OENKOBSIX KOMIIOHEHTOB
M3 JIMUMHOUYHOIO 3KCTPAKTA, C MOJNEKYJADHBIM BecOM npubmmaurensro 19, 21, 23, 27, 45
M 165 KuUJOAANBTOHOB, ObUIM MJEHTU(MUIIMPOBAHBI CHIBOPOTKON YCTOMUMBHIX rouyben mny-
t€M MMMYHOGJIOTHMHTA.
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