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Summary The sensitivity of rabbit basophils to antigens from Ixodes ricinus
females has been studied by a degranulation test. Observations of basophil
numbers and degranulation were made on the 6th day of each of four sequential
infestations. Maximal degranulation of cells was observed after challenge of cells
with antigen at a concentration of 10° and 107 pg/ml. At these concentrations,
during a Ist infestation, 21-8 and 23-6%; of cells degranulated. During a 2nd
infestation, these percentages increased (34-8 and 33-89() and reached 59-8 and
63-8% by the 4th infestation. A plasma factor which partially blocks basophil
degranulation, is described. This was already present during the 1st infestation,
since in its presence the percentage of degranulation was reduced by 2-8 and 4-0%;
respectively on challenge with 10 and 107 pg antigen/ml. Inhibition was maximal
at the 4th infestation (difference: 165 and 20-5%). Basophil sensitization and
inhibition of the degranulation are thus both progressive phenomena. After 10-15
infestations on four other rabbits, 75-0 and 79-8%, degranulation was obtained.
The inhibition of degranulation by plasma was also greater (difference: 255 and
27-4%). 1gG specific anti-I. ricinus antibodies were identified by indirect
immunofluorescence. In two animals, they were detected at the 6th day of the 1st
infestation. Subsequently, they were generally present for all the animals.

Keywords: Ixodes ricinus, rabbit, immunity, basophils, antigens

Introduction

Rabbits infested by female Ixodes ricinus acquire a resistance which affects the nutrition
and egg laying of this ectoparasite (Bowessidjaou, Brossard & Aeschlimann 1977).
Experiments on the effects of immune serum transfer have shown that humoral factors
participate in the expresston of immunity (Brossard 1977, Brossard & Girardin 1979).
Cell infiltration of the skin at the point of tick attachment occurs progressively during the
course of infestation and changes in character during sequential infestations (Brossard &
Fivaz, in press). For example, degranulated mast cells are more numerous at the
beginning of re-infestation. However, degranulated basophils appear in the cutaneous
Correspondence: Dr M.Brossard, Institute of Zoology, University, Chantemerle 22, CH-2000
Neuchatel, Switzerland.
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lesion mainly towards the end of reinfestation, probably as a result of hypersensitivity
phenomena. The reaction may be similar to the cutaneous basophil anaphylaxis described
in other systems (Askenase er al. 1978).

In this work, we will show, by using a degranulation test (Benveniste ez al. 1977), that
circulating basophils are sensitized against the antigens of tick salivary glands. Further we
will show the existence of a plasma factor blocking the specific degranulation of the cells.

We have also established for each infestation, the rate of egg production and the
duration of preoviposition and embryogenesis. Thus, this study extends our knowledge
(see Bowessidjaou et al. 1977) of the biological effects on I. ricinus of the resistance
acquired by rabbits. "

Materials and methods

I ricinus ticks were bred in our laboratory. The infestation conditions were as described
previously (Bowessidjaou et al. 1977). Four infestations were made on the ears of five
Himalayan male rabbits (aa cHcH) of about 2 kg each. Four animals infested 10-15 times
were also used. The rate of tick egg laying (mean weight of egg laying/ mean weight of fed
females) was determined according to Graf (1978). The periods of preoviposition (time
lapse from the end of feeding until the laying of the first eggs) and of embryogenesis (time
separating the depositing of the first eggs and observation of the first larvae hatched) were
also observed.

The IgG anti-1. ricinus antibodies were detected by an indirect immunofluorescence
technique. Samples were taken on the 6th day of each infestation (Ambroise-Thomas
1969, Brossard 1976). Five micron histological sections of salivary glands taken from
ticks fed for 3 days were used as antigen. Fluorescein-labelied, goat anti-rabbit 1gG
(Miles) was diluted (5%,) in a counter colour (Evans Blue 1/10 000).

To carry out the basophil degranulation test according to Benveniste et al. (1977), the
antigen was prepared with the salivary glands of female /. ricinus which had been fed 3-5
days. After dissection, these glands were washed three times at 500g in PBS pH 7-2, then
homogenized and centrifuged (13 x 10%g, 30 min at 4°C). The supernatant was dialysed
against distilled water overnight. The dialysate was frozen at —20°C in aliquots sufficient
for an experiment.

Briefly, the test procedure is the following: 10 m1 of rabbit blood are collected in a test
tube containing heparin and centrifuged (500g, 10 min at 4°C). Plasma is collected and
stored at 4°C. Cells are washed twice in Tyrode’s solution without Ca?* and Mg?+,
containing 1 x 10~ M EDTA. Half of the sample is resuspended with plasma to the
original blood volume (5 ml) and the other half with complete Tyrode’s solution. Then 0-5
ml of those solutions (with or without plasma) are mixed with increasing quantities of
antigen (0-107 pg/ml). The mixtures are incubated at 37°C for 15 min. The reaction is
stopped with 25 ul0-2M EDTA, pH 7-4. To an aliquot of 10 ul, 90 ul of toluidine blue were
added. Basophils are counted in a Malassez haemocytometer. The results are expressed as
average percentage of degranulated cells after comparison of mixtures incubated with or
without antigen:

No. of basophils in mixtures No. of basophils in mixtures

without antigen - with antigen
x 100

No. of basophils in mixtures without antigen
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Results

TICK BIOLOGY

We have calculated the rate of egg laying for the four infestations considered (Table 1).
This decreases progressively from 0-52 to 0-29 going from the Ist to the 4th infestation.
The duration of preoviposition and embryogenesis were also measured. Both increase by
3 days from the 1st to the 4th infestation. The evolution of the weight of fed females and
the period of nutrition is comparable to that observed by Bowessidjaou et al. (1977).

Table 1. Biology of I. ricinus females

Mean weight Rate of Mean duration  Mean duration ~ Mean duration
of fed females egg laying of blood meal of preoviposition of embryogenesis
Infestations (mg) (h) (d) (d)

I 19624979 (n=36) 052 163427 (n1=36) 12:6+3-0 (1=32) 48-4+3-3 (n=28)
2 98-74656 (1=32) 035  195+63 (n=32) 13-04+3-1 (1=20) 46:6+ 58 (n=20)
3 76:5+588 (n=27) 022  200+47 (n=27) 177453 (n=13) 50-14+69 (n=9)

4 101-94+80:0 (n=32) 029 221460 (1=32) 154439 (n=15) 51-1+4-4 (n=12)

h=hours; d =days; n=number of ticks.

EVOLUTION OF IGG ANTIBODIES AGAINST /. RICINUS SALIVARY GLANDS

All the serological tests were made on the 6th day of each infestation. Antibodies
appeared from the Ist infestation in two cases out of five only (titre 1/20). From the 2nd
infestation on they were always detected. Average reciprocal titres increased from then on
progressively, from 47-6 to 269-1 (Table 2).

EVOLUTION OF THE NUMBER OF CIRCULATING BASOPHILS AND OF THEIR
SENSITIZATION AGAINST THE ANTIGENS OF /. RICINUS SALIVARY GLANDS

According to Spector (1956), the normal range for the concentration of rabbit basophils
lies between 120 and 310 per mm?>. With the exception of the counts for the 1st infestation,

Table 2. Evolution of IgG antibodies to 1. ricinus salivary glands

Negative 1/20 1/40 1/80 1/160 1/320 1/640 n GMRT

Ist infestation 3 2 0 0 0 0 0 5 13:2
2nd infestation 0 0 3 | 0 0 0 4 476
3rd infestation 0 0 0 2 2 0 | 5 160-0
4th infestation 0 0 0 1 0 2 1 4 2691

n=number of tests; GMRT =geometrical mean of reciprocal titres.
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Table 3. Evolution of the number of basophils and results of degranulation
tests for four successive infestations (a: without plasma; b: with plasma). The
results are calculated as average percentage degranulation seen with five
rabbits (see Materials and methods)

Concentration of antigen (pg/ml)

Mean number a b
of basophils
(mm?) 109 107 10¢ 107
Controls 129427 70430 50414 notdone notdone

1st infestation 103+29 21-8+74 236+40 190+52 196142
2nd infestation  260+110  34-8+74 33-8+79 23-3+6-2 22:8+54
3rd infestation 2484173 56-8+52 577169 46:7+54 47-5+4-8
4th infestation 166+ 31 59-8+7-8 63-8+49 433471 433157

our results were always within these limits (Table 3a). From the Ist to the 2nd infestation,
there is a considerable increase (103 to 260). Subsequently, at the moment of observation
considered, counts were always decidedly higher than at the 1st infestation.

The specificity threshold of the basophil degranulation test for the tick antigen has
been fixed at 109;. Indeed for four rabbits observed, the degranulation average varied
between 1-3 and 7-0 (means: 7-0 and 5-0 respectively) for antigen concentrations of 106 and
107 pg/ml (Table 3a).

One observes a degranulation maximum for antigen concentrations of 106 and 10’
pg/ml (Figure 1). Thus one can compare the results obtained at these rates of antigen
during sucessive infestations (Table 3a). At the 1st infestation, 21-8 and 23-6 of the cells
degranulated. From the 2nd infestation, these percentages increased (34-8 to 33-8%) to
reach 59-8 and 63-8%; at the 4th infestation. Clearly during the series of infestations,
basophils became sensitized progressively towards the antigens of tick salivary glands.

The presence of a plasma factor partly blocking the degranulation of basophils was
also demonstrated. Replacement of Tyrode’s buffer by plasma in the test, with other
factors kept constant, resulted in less degranulation of the cells at the same concentrations
of antigen (Table 3, Figure 1). This factor was probably present during the primary
infestation, since the percentage of degranulation was reduced by 2-8 and 4-0%; (see
concentrations 10° and 107 pg/ml, Table 3a & b). The blockage of the reaction then
increased progressively during reinfestations. It was maximal at the 4th reinfestation
(difference: 16-5 and 20-5).

After 10-15 infestations carried out on four other animals, the sensitization of
basophils was very strongly marked. We obtained 75-0 and 79-8%; degranulation for 106
and 107 pg/ml antigen (Table 4a). Application of the test before the last of the
reinfestations showed that the values were already high (69-0 and 74-8%) and greater than
those obtained at the 6th day of the 4th infestation (Table 3a). Furthermore, blockage of
the reaction was also more marked. A difference of 25-5 to 27-4%, between the tests carried
out with and without plasma was observed (Table 4b, observations carried out after the
last infestation).
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Figure 1. Progressive sensitization of circulating basophils (presence of a blocking factor). Stippled
area: non-specific reactions (@——® without plasma; O——0O with plasma).

Discussion

The results of the present study on the effects of immunity on the weights of engorged /.
ricinus ticks, on the duration of feeding, and on egg laying confirm and enlarge our earlier
observations (Bowessidjaou et al. 1977). It is interesting to note the clear decrease of the
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Table 4. Results of degranulation tests (10-15 successive infestations
(a: without plasma; b: with plasma). The means are related to four
rabbits

Concentration of
antigen (pg/ml) 10 107 108 107

Before the infestation 69-0+9-8 74-8+7-9 50-0+82 56:0+4-6
After the infestation 75-0+57 79-8+7-0 49-5+33 524443

rate of egg laying (0-52 to 0-29) and the prolongation of the periods of preoviposition and
embryogenesis (Table 1).

Brossard & Fivaz (in press) have detected the presence of basophils and their
quantitative evolution in the cutaneous lesion provoked by 1. ricinus females attached to
rabbits. In the course of a primary infestation, few of these cells are present and
degranulated, but they infiltrate into the tissue to a larger extent at the end of a 2nd
infestation. The infiltration of basophils in the feeding lesion of ticks is not unique for the
rabbit 1. ricinus system. It is even more intense in guinea-pigs infested by Dermacentor
andersoni (Allen 1973) or Ixodes holocyclus larvae (Bagnall 1975). In the latter case,
degranulated cells have been observed. These leucocytes could participate in cutaneous
basophil hypersensitivity phenomena (Askenase et al. 1978), with cells sensitized by IgE
degranulating specifically on contact with allergen. From this point of view, it is
interesting that specific sensitization of rabbit basophils against /. ricinus antigens occurs.

The results of this study seem to account for the histological observations. The
number of circulating basophils increase considerably from the 1st to the 2nd infestation
(103~260/mm?3, Table 3a), as did the percentage degranulation of the same cells (21-8,
23-6-34-8, 33-8 for the concentrations of antigens of 10 and 107 pg/m] respectively: Table
3a). For the subsequent infestations, we have no histological information. However
the progress of basophil sensitization has been noted. At the 3rd infestation,
for the same antigen concentrations, the degranulated cells represented 56-8 and 57-7% of
the total number of the circulating basophils. At the 4th infestation, the maximum
degranulation was equal to 59-8 and 63-8%, respectively. Thus, the basophils are
sensitized progressively in the course of subsequent infestations. In order to demonstrate
a further evolution of this phenomenon, four rabbits have been submitted to 10-15
infestations. At the end of the last re-infestation, the percentage of degranulated basophils
was very high, reaching 75-0 and 79-8% (Table 4a).

A blocking factor, probably an IgG antibody (Feingold 1973), reduced in our in vitro
system the basophil degranulation induced by each antigen dilution, irrespectively of the
number of previous infestations. Further, the blockade reaction increased from one
infestation to the next (Table 3a & b). The anti-1. ricinus 1gG antibodies appeared in two
of five cases during the 1st infestation. The titres rose gradually during the course of
re-infestations (Table 2). The i vivo efficiency of the blocking factor seems to be good in
acute anaphylaxis phenomena where antigen is scattered with the blood (Vervloet &
Charpin 1980). It could be less regular in immediate allergy where antigen interacts
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directly with tissue mast cells. In infested rabbits, the allergen injected by the ticks reacts
undoubtedly first with sensitized mast cells and basophils. Pharmacologically active
substances released (e.g. histamine) could be harmful to the ticks (Brossard 1982). But
these substances, in increasing vascular permeability could also facilitate access of
protective elements: cells, complement and specific antibodies. The antibodies to tick
salivary glands, notably the IgG demonstrated in this study, could then neutralize salivary
components (e.g. enzymes) and thus impair normal food intake. Furthermore they could
perhaps also react with the intestinal epithelium of the tick, thus impeding normal feeding
and digestion.

Acknowledgements

This work was supported by the Swiss National Science Foundation (grant No. 3.303-78).
The results of this study represent part of a PhD thesis by V. Papatheodorou.

References

ALLEN J.R. (1973) Tick resistance: basophil in skin reactions of resistant guinea-pigs. nternational
Journal of Parasitology 3, 195

AMBROISE-THOMAS P. (1969) Etude séro-immunologique de dix parasites par les techniques
d’immunofluorescence. Thése Doctorat és-sciences, Lyon

ASKENASE P.W. DEBERNARDO R., TAUBEN D. & KaASHGARIAN M. (1978) Cutaneous basophil
anaphylaxis. Immediate vasopermeability increases and anaphylactic degranulation of
basophils at delayed hypersensitivity reactions challenged with additional antigen. Immuno-
logy 35, 741

BAGNALL B.G. (1975) Cutaneous immunity to the tick Ixodes holocyclus. PhD Thesis, University of
Sydney

BENVENISTE J., EGIDO J., GUTTIERREZ MILLET V. & Camussi G. (1977) Detection of immediate
hypersensitivity in rabbits by direct basophil degranulation. Journal of Allergy and Clinical
Immunology 59, 271

BOWESSIDIAOU J., BROSSARD M. & AESCHLIMANN A. (1977) Effects and duration of resistance
acquired by rabbits on feeding and egg laying in Ixodes ricinus L. Experientia 33, 528

BrossarD M. (1976) Relations immunologiques entre Bovins et Tiques, plus particuliérement entre
Bovins et Boophilus microplus. Acta Tropica 33, 15

BROSSARD M. (1977) Rabbits infested with the adults of Ixodes ricinus L.: passive transfer of
resistance with immune serum. Bulletin de la Société de Pathologie Exotique 70, 289

BrOssARD M. (1982) Rabbits infested with adult Ixodes ricinus L.: effects of mepyramine on
acquired resistance. Experientia 38, 702

BrROSSARD M. & GIRARDIN P. (1979) Passive transfer of resistance in rabbits infested with adult
Ixodes ricinus L.: humoral factors influence feeding and egg laying. Experientia 35, 1395

BROssARD M. & Fivaz V. (1982) Ixodes ricinus L.: mast cells, basophils and eosinophils in the
sequence of cellular events in the skin of infested or re-infested rabbits. Parasitology in press

FeingoLD B.F. (1973) In Introduction to clinical allergy, ed. C.C. Thomas, p. 312, Springfield,
Illinois

Grar J.-F. (1978) Copulation, nutrition et ponte chez Ixodes ricinus L. (Ixodoidea: Ixodidae)—lére
partie. Bulletin de la Société entomologique Suisse 51, 89

SrecTOR W.S. (1956) Handbook of Biological Data, p. 584. W.B. Saunders Company, Philadelphia
and London. '

VERVLOET D. & CHARPIN J. (1980) In Allergologie, ed. Flammation, p. 801



Experimental & Applied Acarology, 3 (1987) 53—59 53
Elsevier Science Publishers B,V., Amsterdam — Printed in The Netherlands

C3 Levels in the Sera of Rabbits Infested and
Reinfested with Ixodes ricinus L. and in Midguts of
Fed Ticks

V.PAPATHEODOROU and M, BROSSARD
Institute of Zoology, University of Neuchdtel, Ch-2000 Neuchdtel (Switzerland)
(Accepted 1 May 1986)

ABSTRACT

Papatheodorou, V. and Brossard, M., 1987. C3 levels in the sera of rabbits infested and
. reinfested with Ixodes ricinus L. and in midguts of fed ticks. Exp. Appl. Acarol.,
3: 53—59.

Serum C3 levels of rabbits infested 3 times with Ixodes ricinus L. females and C3
in midgut extracts of fed ticks have been measured by a single radial immunodiffusion
test.

From the first tick attachment, the mean serum C3 level of hosts increased. A peak
of C3 occurred 6 days after the beginning of each infestation and was highest during
the third infestation (about 8 times more pronounced than the level measured before
the first). After the end of all infestations of the rabbits, the serum C3 level decreased
and approached normal levels.

Modifications of serum C8 levels during reinfestations influenced C3 contents in
the blood meal of fed ticks. Midguts of ticks fed during the third infestation contained
more C3 than midguts of ticks of the same engorged weights fed during the first or
second infestations.

INTRODUCTION

Hosts infested with ticks acquire resistance which affects the ectopara-
site’s biology (Willadsen, 1980; Wikel, 1982). When rabbits are parasitized
several times with Ixodes ricinus L., nutrition and egg laying of the tick
are altered (Bowessidjaou et al., 1977). In these animals, specific IgG anti-
bodies and the number of basophils increase while these leucocytes are
progressively sensitized against tick salivary antigens (Brossard et al., 1982).
Their skin becomes progressively more sensitive to the salivary tick anti-
gens (immediate and delayed-type hypersensitivity; Girardin and Brossard,
1985). Skin inflammation develops at the ectoparasite attachment site
(Brossard and Fivaz, 1982).

The complement system is often involved in immune and inflammatory
responses (Harrewyn and Renoux, 1981) and is probably an important
component of acquired resistance to ticks. In guinea pigs depleted of C3
after treatment with cobra venom factor, immunity against Dermacentor

0168-8162/87/$03.50 © 1987 Elsevier Science Publishers B.V.
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andersoni larvae is considerably diminished (Wikel and Allen, 1977).

In our study, we have considered C3, the central component of the
complement system. We have measured the serological kinetics of this
protein during three repeated infestations of rabbits with adult I ricinus.
We have also estimated the quantity of C3 ingested by ticks during their
nutrition.

MATERIALS AND METHODS

Himalayan male rabbits (genotype aacHcH), weighing about 2 kg, were
infested 3 times with 10 female and 10 male I ricinus ticks, as described
previously (Bowessidjaou et al., 1977).

Serum C3 levels of six animals (first and second infestation) or four
animals (third infestation) were measured every 3 days using a single radial
immunodiffusion test. In this test, 0.75 ul anti-rabbit-C3 (Cappel) per
ml barbitone buffer pH 8.6 (5'5 diethyl barbituric acid 0.43 X 10M,
5'6 diethyl sodium barbiturate 0.2 X 10 "M, NaN, 0.15 X 10 M) was
mixed with agarose (1% in barbitone buffer) at 50°C. This mixture was
poured as a 1.5 mm layer onto a glass plate. Test sera were diluted 1:6
in the same buffer and deposited into wells of 5 ul punched in the gel.
Incubation was done in a humid atmosphere at room temperature. The
logarithm of serum C3 level is proportional to the diameter of the pre-
cipitate. A standard curve was made using a reference serum and results
expressed as percentages of this serum.

To measure midgut C3 levels, female I. ricinus engorged during the first, sec-
ond or third infestations of rabbits were dissected. Each midgut was soni-
cated in 0.15 M PBS at pH 7.2 and 4°C. After centrifugation at 25.000 g
for 15 min at 4°C, the supernatant was made up to 5 ml with PBS, lyophil-
ised in aliquots of 1 ml and stored at 4°C. Midgut C3 levels were measured
with the same radial immunodiffusion test. Before use, lyophilised aliquots
were reconstituted with distilled water according to the respective tick
weight: <120 mg with 0.2 ml, 120—240 mg with 0.4 ml, 240—360 mg
with 0.6 ml, >360 mg with 0.8 ml.

For each tick, results were expressed as equivalent dilutions of the stan-
dard serum. Regression lines between midgut C3 levels and tick weights
were established and statistically analysed according to Hald (1952) to
determine if any difference between the infestations could be demonstrated.

RESULTS
C3 level in serum of infested rabbits
Figure 1 shows the levels of serum C3 during the course of three succes-

sive infestations. The results are expressed as percentages of a reference
serum (source of C3) with respect to time. From the first attachment of
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Fig. 1. Effect of I ricinus infestations of rabbits on serum C3 level (mean and standard
deviation ). Arrows indicate beginning of first (n = 6), second (n = 6) and third (n = 4)
infestations. )

I ricinus on the host (day 0), serum C3 level increased and remained high-
er than normal up to the last observation (day 62). A peak of C3 level
was observed on day 6 of each infestation. It was most distinct and pro-
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nounced during the third infestation. After the end of this last infestation,
serum C3 decreased and approached normal levels. High variance of the
results was especially observed during the third infestation. This was due
to individual, but overall to asynchronous, responses among the different
animals,

C3 level in midgut extracts of ticks

After each infestation, midgut C3 levels were significantly correlated
with weights of engorged ectoparasites (P < 0.001, r, = 0.78, r, = 0.77,
ry = 0.61). Heavier ticks contained more C3 than lighter ones (Fig. 2).
Regression lines differed from each other. The slope of the straight re-
gression line for the third infestation was greater than that of the first
(P < 0.05) and the second (P < 0.001), indicating that ticks of the same
engorged weight ingested more C3 during the third than during the first
and especially more than during the second infestation. This resulted un-
doubtedly from the high serological C3 level detected on day 6 of that
infestation in comparison with the first and particularly the second infes-
tation (Fig. 1).

DISCUSSION

The mouthparts of I ricinus penetrate deeply into the skin of the rab-
bits’ ear (Brossard and Fivaz, 1982). During feeding an inflammatory lesion
develops in the dermis surrounding the mouthparts of the tick. Higher
vertebrates respond to tissue damage and acute inflammation with an in-
crease in serum concentration of some complement components (Weimer
et al., 1964; Nishioka et al., 1976), C3 in particular (Hartweit et al., 1973).
1973).

In our study we observed that rabbit serum C3 levels increase soon after
the first attachment of I ricinus, to reach their maximum values during
the third infestation of the rabbits. A peak level of serum C3 occurs by
the end of the tick blood meal (day 6 of each infestation). A similar in-
crease in C3 levels has been detected in other parasitic systems. It occurs
in mice following intraperitoneal injection of Trypanosoma brucei (Shirazi
et al.,, 1980) or percutaneous infection with cercariae of Shistosoma man-
soni (Pepys et al., 1980). In the latter case, the increase in C3 level occurs
parallel with the development of liver granuloma around the parasites’
eggs.

Complement is certainly an important component of acquired resis-
tance to ticks (Wikel and Allen, 1977). At the attachment site of Derma-
centor andersoni larvae on resistant guinea pigs, salivary gland antigens,
complement and IgG were deposited at the dermo-epidermal junction
(Allen et al., 1979). Complement was also shown to be present in epidermal
vesicles beneath attachment sites. These authors suggest that antigen-anti-
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body reaction and complement activation may initiate and take part in
the local inflammatory lesion.

In female I ricinus fed on resistant rabbits (third infestation), Papa-
theodorou (1985) has shown that haemoglobin digestion was altered. In
this period, ticks take in more C3 and anti-tick salivary gland antibodies
than those fed during first and second infestations. In Western blot, anti-
gens are recognized in tick extracts of midguts and salivary glands (B. Rutti
and M. Brossard, unpublished results). We can hypothesize that in vivo
an immunological reaction on midgut epithelium could perturb the nor-
mal physiology of that tissue.

We have shown that infestations of rabbits with I. ricinus provoke an
increase in the quantity of serum C3. The amplitude of this phenomenon
influences the C3 content of the tick blood meal.
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IMMUNITY AGAINST FEMALE IXODES RICINUS L.:
EFFECT ON FEEDING AND HAEMOGLOBIN DIGESTION
M. BROSSARD, V. PAPATHEODOROU
SUMMARY

Rabbits have been infested 3 times with {0 females and 10 males
Ixodes ricinus. lmmunity which is acquired when ticks feed on
naive rabbits (first infestation) perturbs tick feeding on rcinfested
animals (third infestation). Then ticks ingesi less blood (p < 0.001).
Blood meal digestion in also altered. 1t was estimated by measu-
ring haemoglobin concentration in ixodid midgut during 20 days
after their drop off. After the first infestation this concentration
decreases linearly with time (r2l = 46.14 %, n, = 63, p < 0.001).

After 3 infestations it is no longer correlaled with time, indicating
an impaired digestive process (r; = 7.15 %, n, = 49, p > 0.05).

This obscrvation was corroborated by an analysis of multiple
regression. Haemoglobin concentration of tick midgul only corre-
lates with time after a first infestation (r7 = 45.25 %). In ticks
fed on immune animals this concentration is predicted with the

quantity of midgut C, and the weight of fed ticks and not with

time (2 = 60.99 %).

RESUME : Immunité contre les tiques /xodes ricinus. L. femelles : effet sur le repas et la digestion de I’hémoglobine.

Des lapins ont été infestés 4 3 reprises par 10 femelles et 10 mailes
d’Ixodes ricinus. L’immunité acquise durant la premiére infestation
pertube le repas des tiques nourries lors d’une réinfestation
(3¢ infestation). Les ectoparasites prélévent alors moins de sang
(p < 0,001) et le digérent plus difficilement. Ainsi la concentration
de I’hémoglobine intestinale décroit linéairement aprés une primo-
infestation (r} = 46,14 %, n, = 63, p < 0,001). Ce n’est plus
vrai aprés une 3¢ infestation (r3 = 7,15 %, n, = 49, p > 0.05),
a la suite d’une digestion perturbée.

Cette constatation est corroborée par les résultats d’une analyse
de régression multiple. La concentration d’hémoglobine intestinale
ne corréle avec le temps qu’aprés une primo-infesiation
(rf = 45,25 %). Pour des Ixodides nourris sur des animaux
immuns, celle-ci dépend de la concentration ecn C, intestinale et
du poids des tiques gorgées (r3 = 60,99 %), le temps n’interve-
nant plus dans la régression.

INTRODUCTION

Skin sensitivity (immediate and delayed type) against
Ixodes ricinus salivary gland antigens develops during suc-
cessive infestations of rabbits (Girardin and Brossard, 1985).
Treatment of immune animals with cyclosporin A, an
immunosuppressive drug acting specifically on T cells, inhi-
bits these phenomena and allows a better tick blood meal
and egg laying (Girardin and Brossard, 1987; Girardin and
Brossard, 1989). As shown by passive transfer of immune
serum, humoral factors also participate in this immunity
(Brossard, 1977; Brossard and Girardin, 1979). Titres of
anti-tick salivary glands antibodies increase progressively
during successive infestations of rabbits (Brossard et al.,
1982). As shown by a degranulation test, sensitization of
circulating basophils against tick antigens and the concen-
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tration of the acute phase reactant C, are also higher in
resistant animals (Brossard et al., 1982; Papatheodorou
and Brossard, 1987).

These inflammatory and immunological responses deve-
loped by hosts against ticks affect the tick nutrition and
reproductive mechanisms (Allen, 1989). Female /. ricinus
feed and lay fewer eggs after infestation on immune rab-
bits (Bowessidjaou ef al., 1977). They also convert their
blood meal less effectively into eggs as indicated by the
reduction of the egg conversion factor (weight of eggs
laid/weight of fed tick; Brossard ef al., 1982). This may
indicate that digestion of the blood meal might be dis-
turbed in ticks fed on immune animals.

Here, this hypothesis has been verified by following the
change in midgut haemoglobin concentration during the
20 days after drop off in female /. ricinus fed on naive
(1st infestation) and immune rabbits (3rd infestation). Ticks
also ingest C, during their blood meal (Papatheodorou
and Brossard, 1987). Using a multiple regression analysis,
midgut C, as well as duration of the blood meal, weight



of fed ticks and time after the drop off have also been
considered to predict the concentration of midgut haemo-
globin in ticks fed on naive or immune rabbits.

MATERIEL AND METHODS

Ticks

1. ricinus ticks were bred in our laboratory. The infestation condi-
tions are as described previously (Bowessidjaou et al., 1977). Three
infestations of 10 females and 10 males are made alternately on
each ear of Himalayan male rabbits (aac c") of about 2 kg
each. Only females of this species engorge, but copulation is neces-
sary for an optimal blood meal (Graf, 1978).

MIDGUT EXTRACTS

To measure midgut haemoglobin and C, levels, female
I. ricinus engorged during the first or third infestations were
weighed and dissected immediately after the drop off and every
2 days of the preoviposition and oviposition periods. The last dis-
section was carried out 20 days after the drop off. Each midgut
was sonicated (Labsonic 1510 100 W) in 150 mM PBS pH 7.2
at 4° C. After centrifugation at 25.000 G for 15 minute at 4° C,
the supernatant was made up to 5 ml with PBS, lyophilised in
aliquot of 1 ml and stored at 4° C. Before use, lyophilised ali-
quots were reconstituted with distilled water according to the res-
pective tick weight: 60-120 mg with 0.2 ml, 120-240 mg with 0.4 ml,
240-360 mg with 0.6 ml, > 360 mg with 0.8 ml. Ticks weighing
less than 60 mg were not taken into account in this study. The
sensitivity of the tests was insufficient to detect C, and only scar-
cely just sensitive enough to detect haemoglobin in these ticks.

DETERMINATION OF MIDGUT HAEMOGLOBIN

In a preliminary assay the absorption spectrum of rabbit hae-
moglobin (Sigma Chemicals Company) and tick midgut extracts
has been compared (results not shown). Both spectra are similar
with the two characteristic peaks of absorption at 540 and 578 nm.
Consequently haemoglobin of midgut extracts has been measured
by a photometrical test routinely utilized for red cells haemoglobin
determination (Roche). Twenty ul of reconstituted midgut extract
is converted by potassium ferricyanate and potassium cyanate
(200 ul of Roche reactant) into cyanmethaemoglobin. After an
incubation period of 3 min at room temperature, haemoglobin
was measured at 570 nm (Microelisa autoreader MR580, Dyna-
tech). Haemoglobin concentration was determined (mean of 3 mea-
surements) according to a standard curve prepared with rabbit
haemoglobin. Results are expressed as percentages of haemoglobin
out of tick weight (mg haemoglobin/mg fed tick x 100).

SINGLE RADIAL IMMUNODIFFUSION TEST FOR C3 DETERMINATION

Anti-rabbit-C; (0.75 ul/ml, Cappel) in barbitone buffer pH 8.6
(5’5 diethyl barbituric acid 4.3 mM, 5’5 diethyl sodium barbi-
turate 20 mM, NaN, 15 mM) was mixed with agarose (1 % in
barbitone buffer) at 50° C. This mixture was poured as a 1.5 mm
layer onto a glass plate. Five ul of reconstituted midgut extracts
were deposited into wells punched in the gel. After an incubation
period of 48 h in a humid atmosphere at room temperature the
diameter of precipitates was measured. The logarithm of midgut
C, level is proportional to the diameter of the precipitates. A
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standard curve was made using a reference serum. For each tick,
results were expressed as equivalent dilutions of a standard serum
per 100 mg of fed tick (C, equivalent dilution/mg fed ticks x
100).

STATISTICAL ANALYSIS

Haemoglobin content in the tick gut has been analysed in time
by simple linear regression (Scherrer, 1984). The following para-
meters have also been considered in a multiple regression analysis
to express midgut haemoglobin: blood meal duration, weight of
fed ticks and concentration of midgut C,. For each infestation
(first and third infestations), a comparison between the concen-
tration of midgut haemoglobin after the drop off and 20 days
later has been realized with the non parametric Mann-Whitney
test. Comparison between feeding duration and weight of fed ticks
on naive and immune rabbits has been done using the same test.

RESULTS

1 — Tick BIOLOGY

Only duration of tick blood meal and weight of fed ticks
are considered in this study (table I). Indeed all ticks were
dissected after their drop off in order to measure the
concentration of midgut haemoglobin and C,. Ticks fed
on immune rabbits (3rd infestation) weigh less than those
fed on naive animals (p < 0.001). The duration of their
blood meals is longer (p < 0.001).

TaBLE 1. — Tick biology.

Mean weight Mean duration

Infestations n of fed ticks (mg) of blood meal (d)
1 63 254 + 80.7 6.6 + 0.8
* *
3 49 171.6 + 84.8 8.2 +£ 2.8

(d) days; n = number of fed female I. ricinus; * p < 0.001.

These results are analogous to those observed previously
(Bowessidjaou et al., 1977; Brossard et al., 1982).

2 — EVOLUTION OF MIDGUT HAEMOGLOBIN OF TICKS

The haemoglobin content in the midgut of fed female
I. ricinus has been measured from their drop off until
20 days after (i.e. during preoviposition and oviposition).
Results have been compared between 2 infestations (lst
and 3rd, fig. I and fig. 2).

A pronounced decrease of haemoglobin concentration
occurs only after the first infestation (fig. 1). Diminution
is here linear (r} = 46.14 %, n, = 63, p < 0.001). In
contrast, there is no correlation between haemoglobin
concentration and time after the 3rd infestation (fig. 2,
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Fi1G. 1. — Relation between haemoglobin concentration of tick
midgut and time after drop off (during 20 days) in a first infes-
tation. Haemoglobin is expressed in mg per 100 mg of fed ticks.
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FiG. 2. — Relation between haemoglobin concentration of tick
midgut and time after drop off (during 20 days) in a third
infestation. y = — 0.36 x + 14.86 (12 = 7.15 %, n, = 49,
p > 0.05).

(@t} = 7.15%, n, = 49, p > 0.05). Moreover haemo-
globin quantities in tick midgut after the drop off and
20 days later only differ for the 1st infestation (p < 0.001,
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TaBLE 1). — Midgut haemoglobin after the tick drop off.

Haemoglobin concentration in mg %

Infestations Day 0 Day 20
] 19.7 + 6.9 (n = 12) * 3.9 + 2.6 (n =10)
3 144 £ 9.4 (n = 8) 68+ 7.1(n=09)

3
I

number of fed female I. ricinus; * p < 0.001.

table II). After the third, no difference is observed
(p > 0.05). The quantity of ingested haemoglobin seems
to differ from tick to tick particularly during that latter
infestation (fig. 2, day 0). At the end of the preoviposi-
tion and oviposition periods, the midgut content of hae-
moglobin for some ticks is still high (fig. 2), day 20). Blood
meal composition and haemoglobin digestion are then
altered.

3 — EVOLUTION OF C3 IN MIDGUT OF TICKS

Ticks ingest immunological and inflammatory factors
with their blood meal (Papatheodorou, 1985; Papatheo-
dorou and Brossard, 1987). In this study, midgut evolu-
tion of C, has been measured during 20 days after the
tick drop off on naive and immune rabbits (fig. 3 and
fig. 4).

The concentration of C, in tick midgut decreases in a
linear way after each rabbit infestation (r* = 43.18 %,
n =63, p < 0.001 for the first infestation;
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FiG. 3. — Relation between C, concentration of tick midgut and
time after drop off (during 20 days) in a first infestation.
y = — 0.005x + 0.091 ¢} = 43.18 %, n, = 63, p < 0.001).
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Fi0. 4. — Relation between C,; concentration of tick midgut and
time after drop off (during 20 days) in a third infestation.
y =~ 0.002x + 0.056 (r = 20.51 %, n, = 49, p < 0.01).

(r3 = 20.51 %, n, = 49, p < 0.01 for the 3rd infesta-
tion). The correlation is weaker for the reinfestation.

4 — MULTIPLE REGRESSION ANALYSIS (fableau I1I)

After the 1st infestation, haemoglobin concentration is
only correlated with time (12 = 45.26 %). This is cer-
tainly the expression of a normal tick digestion. After the
third, midgut haemoglobin is expressed by the concentra-
tion of C, and the weight of fed ticks (1 = 60.99 %).
Time elapsing from the tick drop off does not influence
haemoglobin concentration. This observation confirms that
the blood meal and its digestion is altered in ticks fed on
immune rabbits. Moreover blood meal duration was never
introduced into the regressions.

DISCUSSION

Blood meal digestion in ticks differ from haematopha-
gous insects. In blood-sucking insects, digestion occurs

IMMUNITY AGAINST 1XODES RICINUS

extracellularly in the lumen of the intestine. In contrast
it is a slow intracellular process in ticks (Balashov, 1972;
Araman, 1979; Raikhel, 1983). Like in other haematopha-
gous arthropods, the tick diet consists for 90 to 95 % of
proteins (Diehl er al., 1983). Among these, haemoglobin
is the major constituent (Papatheodorou, 1985). In Arga-
sids digestion of the blood meal begins only after the drop
off (Tatchell, 1964 ; Arthur, 1965; Balashov, 1972). It can
be divided into three stages: @) blood meal concentration,
b) intense digestion and ¢) slow digestion phase (Galun
and Warburg, 1967; Tatchell er al., 1972; Aeschlimann
and Grandjean, 1973). The ixodid digestion also displays
three phases, but here two occur on the host and only
the last, after tick drop off. There are : 1) A continuous-
digestion phase which is initiated by feeding and corres-
ponds with the slow-feeding period during several days (Tar-
nowski and Coons, 1989). During that time ticks utilize
nutrients to synthesize new cuticle and to allow the growth
of internal organs (Balashov, 1972; Araman, 1979). 2) A
phase of reduced-digestion during the rapid-engorgement
period which is generally initiated by mating, except for
1. ricinus (Graf, 1978). During that period (12 to 24 hours
before the drop off) the tick weight increases by about
150 times. 3) A further phase of continuous-digestion during
the post-feeding period of preoviposition and oviposition.
It involves the digestion of the blood meal taken up during
the rapid-engorgement period. The majority of the digested
blood meal is now used to produce the female-specific pro-
tein vitellogenin and consequently the eggs (Snow and
Arthur, 1966; Araman, 1979).

As shown in this study, host immunity impairs the feed-
ing and digestion of female I. ricinus during the periods
of preoviposition and oviposition. In ticks fed on naive
rabbits, the quantity of midgut haemoglobin diminishes
continuously after their drop off. After twenty days haemo-
globin in scarcely detectable. This observation is in accor-
dance with the findings in female Rhipicephalus sangui-
neus fed on naive rabbits (Araman, 1979). In contrast,
after a 3rd infestation, there is no longer a linear correla-
tion between midgut haemoglobin concentration and time.
Accordingly there is no statistically significant difference
between haemoglobin concentration at the end of feeding
and 20 days later. Numerous ticks feed and digest their
blood meal with difficulty. This observation could explain
the deleterious effect of immunity on tick reproduction,

TaBLE 11l. — Equations of multiple regression predicting haemoglobin concentration in tick midgut.
Infestations
1 H = - 080 x + 20.44 = 4526 % n, = 63
3 H =164y + 003z + 1.04 = 60.99 % n, = 49

H = midgut haemoglobin (mg %); x = days after drop off; y = midgut C, (%); z = weight of fed tick (mg); r’ = squared

correlation coefficient; n» = number of fed ticks.

35



M. BROSSARD, V. PAPATHEODOROU

particularly the bad conversion of the blood meal into eggs
(Brossard e/ al., 1982).

Using multiple regression analysis haemoglobin content of
the tick midgut has been predicted, confirming previous
observations. After the first infestation, haemoglobin concen-
tration correlates only with time suggesting normal digestive
behaviour. After the third, only the quantity of C, and the
weight of fed ixodids enter into the regression. With the pre-
sent state of our knowledge, it is difficult to interpret such
mathematical analyses biologically. Cytological and bioche-
mical studies have shown that the development as well as the
protease activity of midgut epithelium are delayed in female
I. ricinus fed on immune animals (Girardin, 1987). Some
disorders of that epithelium have also been observed. The
peritrophic membrane which is also present in female I. dam-
mini (Rudzinska e/ al., 1982) is thickened and midgut micro-
villi are in a degenerate state (Girardin, 1987). In contrast
to the intestine content of ticks fed on naive animals, which
is clear, that of ixodids fed on immune animals is filled with
a granular material containing unlysed leucocytes. Hemolysin
activity which has been described in 1. dammini (Ribeiro,
1988) and endocytic mechanisms could be inhibited. Moreover
in Western blot analysis, antibodies of infested rabbits react
with antigens extracted from female I. ricinus salivary glands,
integument and midgut too (Rutti and Brossard, 1989). In
an other system (guinea pigs and female Amblyomma ame-
ricanum) midgut antigens were also displayed (Brown, 1988).
In vivo ingested antibodies and complement, in association
with inflammatory cells, could delay the development of
midgut epithelium and alter the structure of that tissue. Blood
meal digestion and the transformation of nutrients into eggs
could then be impaired.
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