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CHAPTER I 

INTRODUCTION 

Large populations of Argas cooleyi Kohls and Hoogstraal 

(1960), an argasid tick, are com.monly found in association 

with nesting colonies of Cliff Swallows. Cliff Swallows are 

subject to parasitism by Argas cooleyi and other ectoparasites 

for approximately 60 days before leaving their nesting sites. 

Because of this repeated exposure, the host response to the 

feeding of Argas cooleyi was investigated. 

During the feeding process, antigens present in tick 

saliva are introduced into the host. Host recognition of 

these foreign substances should elicit an immune response. 

The specific recognition may result in sensitized T-lymphocytes 

that participate in cellular immunity and/or antibody producing 

plasma cells that participate in humoral immunity. In 

studies of host-parasite interactions involving the feeding 

of ixodid ticks on their hosts, an immune response which 

results in resistance has been demonstrated (Trager 1939, 

Riek 1962, Boese 1974, Allen 1973, and Wikel § Allen 1976a) . 

This resistance interferes with the successful feeding process 

of ixodid ticks, and is characterized by comparing the number 

of weight of ticks engorging on initial and subsequent infes-

tations (Boese 1974). 

Although a large body of literature has accumulated on 
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the subject of host resistance to Ixodidae, host resistance 

to Argasidae has not been exténsively studied, Trager (1940) 

reported that after repeated infestations with large numbers 

of Argas persicus nymphs and adults, chickens developed a 

partial immunity to the larvae only, However, one infesta-

tion of larvae did not confer immunity to a second infes-

tation of larvae. Attempts to artificially induce immunity 

by the inoculation of various Argas persicus extracts failed 

to produce immunity to any of the stages of this fowl tick. 

Trager also reported on the anti-complementary activity of 

the A. persicus antigens which resulted in the failure to 

demonstrate complement fixing antibodies in the sera of these 

slightly immune chickens. However, antigenic substances 

present in argasid saliva have been demonstrated to provoke 

an immune response which resembles resistance. The relatively 

short period of contact between most nymphal and adult 

argasid ticks and their host (Balashov 1968) , suggests that 

this immune response should differ from the mechanism of 

resistance functioning against the ixodid ticks. Since 

argasid larvae require a longer period for engorgement, 

which closely approximates ixodid tick feeding, Moorhouse 

(1975) histologically examined the feeding lesion of Argas 

persicus larvae in an attempt to increase the understanding 

of the feeding process and host-parasite relationship of 

ticks. He reported that within 30 hr after feeding had 

commenced, heterophils migrated to the mouthparts and formed 



a loose, superficial collar, which masked the mouthparts so 

that they were no longer recognized as foreign by the host. 

Moorhouse suggested that this phenomenon was an example of 

adaptive tolerance. He also reported that after the hetero-

phils had masked the mouthparts and had ceased to emigrate 

into the tissue, lymphocyte and monocyte infiltrations were 

seen adjacent to the mouthparts. He suggested that these 

infiltrates indicated that the host response to the salivary 

secretions had not been suppressed. Therefore, a need exists 

to understand the host response to antigenic substances 

present in argasid saliva which are introduced during the 

feeding process of all life stages, which will help to 

elucidate the host-parasite relationship of the argasid tick. 

In studies involving ixodid ticks, Trager (1939a) demon-

strated that guinea pigs developed immunity after one infes-

tation with the larvae of Dermacentor variablis. This 

immunity prevented additional larvae from engorging and after 

repeated infestations reduced the blood meal taken by adults 

and nymphs. Trager (1939b) also demonstrated that this 

immunity could be artificially induced by the inoculation of 

various tick extracts. An extract from tick salivary glands 

was the most potent antigen, and decreased the numbers of 

larvae that were able to engorge on guinea pigs inoculated 

with this material. In addition, Trager (1939b) reported 

complement fixing antibodies in the sera from rabbits 

infested with larvae. He suggested that circulating 
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antibodies were partially responsible for the mechanism of 

resistance, and that they accelerated the intense inflam-

matory response. This inflammatory response resulted in a 

walling-off of the tick's mouthparts with a solid mass of 

leukocytes, and caused a thickening of the epithelium around 

and beneath the attachment side. The consequence of this 

response was to block a tick's access to the blood supply. 

Riek (1958) immunized rabbits and mice by intravenous 

inoculation with saline extracts of the eggs of Haemaphysalis 

bispinosa. The complement fixing and precipitating antibodies 

found in the sera of immunized animals did not afford pro-

tection against the attachment of larvae, but did protect 

against the toxic egg extracts. Curiously, guinea pigs 

sensitized by subcutaneous inoculation of egg extracts were 

protected against the attachment of larvae, but not the 

toxic effects of the extracts. Guinea pigs were considered 

sensitized if they responded to an intradermal inoculation 

of the antigen by a characteristic skin reaction. The 

sensitizing regime did not simulate hypersensitivity in all 

animals. Riek (1958) reported that precipitating antibodies 

could be demonstrated in all animals that were sensitized 

and immunized, but could only demonstrate skin-sensitizing 

antibodies in sensitized animals. 

Riek (1962) demonstrated that the successful development 

of the one-host tick, Boophilus microplus, occurred if the 

rabbits and mice utilized as experimental hosts were 



prevented from grooming with an Elizabethan collar. Not 

unexpectedly, as a response to attachment and feeding some 

animals experienced an inflammatory reaction. Although not 

fully investigated, he demonstrated a different response 

with guinea pigs fitted with collars. Most ticks feeding on 

a guinea pig that had previous contact with these ticks 

failed to engorge, or if engorgement was complete, failed to 

molt, perhaps an immune response occurring in these guinea 

pigs could have been responsible for this observation. Riek 

(1958) observed an inconsistent, extensive edematous and 

cellular reaction in mice infested with Haemaphysalis 

bispinosa. This cellular response consisted predominately of 

neutrophils when the attachment site was examined histolog-

ically. In later studies, Riek (1962) demonstrated two types 

of resistance in cattle to the cattle tick, Boophilus 

microplus. He noted an acquired resistance after repeated 

infestations and suggested that it was primarily caused by 

skin hypersensitivity to salivary secretions. He observed 

that this hypersensitivity was accompanied by a serous 

exudate and a papular skin reaction. Riek suggested that 

this was responsible for encapsulation of the tick's mouth-

parts. Also an innate response was observed in some breeds 

of cattle never previously exposed to infestation. However, 

some cattle expressing an innate resistance were also able 

to become hypersensitive. Curiously, in highly resistant 

cattle, high blood histamine levels were reported 48 hr 



after infestation, and in cattle with varying degrees of 

resistance, temporary increases in histamine were observed 

in these cattle after the ticks molted. In cattle with 

acquired resistance, a local cellular response was observed 

at the site of attachment indicative of an allergic response 

due to the invasion of eosinophils. However, in Riek's 

earlier study in which ticks were fed on an artificial host, 

the mouse, he observed only a few eosinophils at the 

Boophilus microplus attachment site with the predominate cells 

being neutrophils. This marked eosinophila in cattle exposed 

to the cattle tick was considered to be a defense mechanism 

for neutralizing the excessive histamine liberated during 

the feeding process. Roberts (1968a,b,c) reported on the 

acquisition of different degrees of resistance in cattle to 

infestations of Boophilus microplus. He concluded that this 

resistance was a result of an immune response by the host 

which did not influence the duration of the parasite's life 

cycle. The inflammatory tissue reaction described by Riek 

(1962) was not demonstrated in Roberts' study. Roberts 

suggested that such hypersensitive animals were extreme 

cases in the spectrum of degrees of resistance. He concluded 

that each animal according to its innate capability would 

develop a degree of resistance. A histological study by 

Tatchell and Moorhouse (1968) of these feeding lesions 

suggested that skin hypersensitivity contributed to the 

susceptibility of the host in the development of resistance. 



Allen (1973) confirmed Trager's work in that resistance could 

be developed after one infestation but used larvae of 

Dermacentor andersoni. He was able to substantiate an immune 

basis for this resistance by the administration of an immuno-

suppressive agent, Methotrexate. Methotrexate is an anti-

metabolite that is a folic acid antagonist. The inhibition 

of nucleic acid synthesis seems to be the basis of the immuno-

suppressive effect on the drug. The administration of this 

drug blocked the expression of resistance in guinea pigs 

suggesting that the mechanism of resistance involved cell 

proliferation. Allen (1973) observed basophils at the attach-

ment site and concluded that the host response resembled 

cutaneous basophil hypersensitivity. Rabbits also became 

resistant after a series of Haemaphysalis leporispalustris 

infestations (Boese 1974) . This immunity that also resulted 

in a decreased feeding success, was more dependent on the 

frequency of infestation than the number of ticks per infes-

tation. He demonstrated a homocytotrophic antibody in the 

serum of these resistant rabbits. A homocytotrophic anti-

body that fixes mast cells, upon subsequent challange of a 

specific antigen, causes the release of histamine. Basophil 

granules contain histamine. If the resistance mechanism 

resembled cutaneous basophil hypersensitivity, a homocyto-

trophic antibody could be responsible for the high histamine 

levels reported 48 hr after an infestation (Riek 1962) . To 

elucidate the particular mechanism of resistance, Tatchell 



and Bennett (1969) studied the suppression of a specific 

pharmacological mediator (histamine). By the administration 

of an antihistamine, they significantly increased the tick 

yield on some hosts, but suggested that the sedative effect 

of the drug which reduced the grooming activity of the host 

was probably responsible. This conclusion corresponded to 

Riek's work using an Elizabethan collar to reduce grooming 

activity. 

Resistance in rabbits was induced by successive infes-

tations of Rhipicephalus appendiculatus (Branagan 1974) . He 

suggested that resistance was caused by 3 distinct and vari-

able responses which were evoked in turn by progressive 

stages of attachment and feeding. The first response appeared 

in the early stages of attachment and was associated with 

diffuse hyperaemia, although no local inflammation was 

observed. The second response was associated with deposition 

of tick cement and resulted in a circumscribed area of 

inflammation around the attachment site. Gregson (1970) 

confirmed the antigenic properties of tick cement in his 

study on sensitized and nonsensitized lymphocytes by the 

uptake of tritiated thymidine. The third response only 

occurred in adult infestations after salivation commenced and 

was characterized by a painful edematous area with the animal 

experiencing general malaise. The expression of all 3 

responses varied greatly, and each was capable of arresting 

infestation. Branagan concluded that the mechanism of 



resistance was determined by the separate and cooperative 

effects of the 3 responses described, Berenberg, Ward, ̂  

Sonenshine (1972) described still another mechanism for the 

inflammatory reaction observed at the feeding site. They 

suggested that the inflammatory lesion was related to the 

cleavage of host C5 by tick saliva, which produced a chemo-

attractant factor for neutrophils, The ensuing influx of 

neutrophils and neutrophil-derived hydrolases were suggested 

to be responsible for the host tissue destruction. Rats 

depleted of complement by cobra venom factor failed to 

develop the typical cellular infiltrates at the tick feeding 

site. Therefore, Berenberg et al, concluded that the tick 

feeding lesion was non-immunologic, neutrophil-dependent 

type of tissue injury analogous to the tissue injury observed 

in the immunological Arthus reaction, The author disagrees 

with Berenberg et al. conclusions, and suggests that the 

tissue injury of the tick feeding lesion is an immunological 

response, since it involves complement and the cleavage of 

host C5. 

Many authors have reported on the passive transfer of 

resistance (Trager 1939a, Riek 1958, Bagnall ^ Doube 1974, 

Wikel § Allen 1976a). Trager passively transferred resist-

ance, acquired after repeated infestations, to guinea pigs 

by one intraperitoneal injection of serum from resistant 

donors. This immunity was incomplete, and not consistant. 
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Although Riek passively transferred sensivitity with a sub-

cutaneous inoculation of serum containing skin-sensitizing 

antibodies; he did not with precipitinins. Bagnall and 

Doube claimed that resistance to the Australian paralysis 

tick, Ixodes holocyclus, could be transferred to guinea pigs 

with lymphoid cells from resistant donors, but not with 

serum. Wikel and Allen demonstrated the passive transfer of 

resistance, acquired after one infestation of Dermacentor 

andersoni, with viable lymph node cells, but not with serum. 

The protection provided by this passive transfer was not 

as complete as the resistance afforded by natural infestation. 

Their data, coupled with Allen's earlier work (1973) con-

firmed a cell-mediated response as the mechanism of resistance 

They also observed a slightly less mean weight of larvae 

feeding on immune serum recipients than on larvae feeding on 

control serum recipients. Wikel and Allen (19^6a) suggested 

that a humoral component might contribute to the expression 

of resistance. Askenase et al. (1975) had previously demon-

strated that a humoral factor was necessary for the full ex-

pression of delayed hypersensitivity. Wikel and Allen (1976b) 

substantiated the humoral component hypothesis necessary for 

resistance by the administration of an alkylating agent. 

Cyclophosphamide exerts maximal effects against cell 

populations having rapid rates of multiplication. It is 

not highly selective for the T-cell division of the lymphoid 

system, but does exert a profound effect on the B-cell 
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division. The administration of cyclophosphamide before a 

primary infestation blocked the acquisition of resistance 

in guinea pigs. This drug blocked differentiation and pro-

liferation of lymphocytes that would be responsible for a 

humoral response to tick feeding. Cyclophosphamide adminis-

tered after resistance was acquired partially blocked the 

expression of resistance. Histological examination of 

cervical lymph nodes from guinea pigs given cyclophosphamide 

showed a depletion of cells in the B-dependent areas, and 

slight depletion in T-dependent areas. This inhibition of 

the expression of resistance by cyclophosphamide substan-

tiated a humoral component necessary for the full expression 

of resistance. Therefore, the mechanism of resistance to 

ixodid ticks was dependent on a humoral and cellular 

response in the host to the feeding of these ticks. 

This investigation was conducted to determine if an 

immune response occurs to the feeding of Argas cooleyi in 

an accessible avian host. To determine the immunological 

nature of such a response, pigeons were infested with ticks, 

and were observed for the formation of antibodies and/or 

sensitized lymphocytes. Pigeons were also artificially 

immunized with tick extracts to simulate the response 

occurring naturally. This study was undertaken to eluci-

date the host-parasite interaction occurring between 

Argas cooleyi and Cliff Swallows. 



CHAPTER II 

MATERIALS AND METHODS 

Experimental Animals 

Adult New Zealand rabbits (females) were individually 

housed in metal cages, and maintained on standard rabbit 

diet (Purina rabbit chow; Ralston Purina Co,, St. Louis , 

MO) and water a_d libitum. Adult Domestic Pigeons were 

individually housed in metal cages, and maintained on stand-

ard pigeon diet (Purina Pigeon Chow; Ralston Purina Co., 

St. Louis, MO) and water ad libitum. 

Ticks 

Argas cooleyi (adults and nymphs) used in this study 

were collected from Cliff Swallow nesting sites on the banks 

of the Double Mountain Fork of the Brazos River near 

Justiceburg, Garza County, Texas, and from the Timber Creek 

Canyon Culvert near Palo Duro State Park, Randall County, 

Texas. 

In the laboratory, these ticks were maintained at room 

temperature (26±2°C) and at 75% relative humidity. Ticks 

were fed by placing them in a plastic chamber taped to a 

defeathered area on the back of a pigeon. In each experi-

ment, groups of ticks were allowed to remain on the host 

for 2 or 3 hr to insure maximum feeding success. After 

feeding, the ticks were individually isolated in sealed 
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flat bottom microtiter plates (Cooke Engineering Co., 

Alexandria, VA) and stored in darkness. 

Preparation of Antigen 

A crude comminuted tick antigen was prepared by grinding 

the anterior portion of ticks in a mortar and pestal with 

2 ml of 0.85% saline. The extract was centrifuged 

100 X g for 15 min. The supernatant was decanted and 

further diluted to 32 mg protein per ml with physiological 

saline. The protein content was determined by the method 

of Lowry et al. (1951). To prepare a more pure antigen, 

salivary glands from groups of 20 ticks were dissected and 

diluted in 0.5 ml of 0.85% saline. The salivary gland sus-

pensions were emulsified by being drawn through a tuberculin 

syringe several times. The protein content was determined by 

the method of the Protein Assay Kit (Bio Rad), was deter-

mined to be 0.08 mg per ml. Both antigen preparations were 

stored frozen (-20 C) without preservatives until used. In 

order to compare the composition and purity of the antigens 

sodium dodecylsulfate polyacrylamide gel electrophoresis 

(SDS-PAGE) was employed by the method of Studier and Maziel 

(1969) with the following exceptions: 100 ul samples were 

dialyzed against buffer containing 2% sodium dodecylsulfate 

(SDS) and 5% beta-mercaptol ethanol (BMSH), and the post-

dialysis samples were boiled for 5 min, and boiled again 

immediately before electrophoresis. The boiled samples 

represent proteins subjected to conditions adequate to 
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produce complete dissociation of all protein-protein 

interactions (Lugtenberg et al, 1975). After being boiled, 

the samples were then applied to lO^ polyacrylamide 

disc gels (Studier ^ Maziel 1969), and for 2 hr were 

operated at 1 mAmp per tube, and then at 1,5 mAmp per tube 

for 4 1/2 to 5 hr. All gels were electrophoresised using 

a Model 400 power pack set at constant (maximum) voltage 

(Biorad). The gels were extruded and stained with 0.25% 

Coomassie Blue and compared with molecular weight standards 

as described by Weber and Osborn (1969) , The standards used 

in SDS-PAGE related figure are: Chymotrypsin, 13 Kilodalton 

(kD) molecular weight; apoferritin principal peptide, 24 kD; 

gamma-globulin heavy chain, 50 kD; and beta-galactosidase 

principal peptide, 130 kD. 

Experimental Design 

In experiments designed to demonstrate the natural 

acquisition of resistance, 2 pigeons were infested with 

groups of 20 ticks every 4 days through 5 infestations. 

The ticks were individually color coded with a non-toxic 

water soluble paint (Fluorescent Tempera, American 

Greetings Corp, Cleveland, OH). The ticks were weighed 

before each feeding, and 2 hr after feeding to determine 

the weight increase of each blood meal. All ticks were 

individually housed as previously described to observe 

possible differences in mortality. As a control, one pigeon 

was infested only once to determine the mean weight increase 
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of ticks feeding on a nonresistant host. Sera from infested 

pigeons were collected before the first infestation, and 10 

days after the final infestations, for serological assay. 

Serum was collected from one pigeon with no previous exposure 

to infestation as a negative serological control. Sera were 

titrated for hemagglutinins by passive hemagglutination. 

All sera were stored frozen (-20°C) without preservatives 

until used. 

Experiments designed to artificially induce resistance 

followed a different scheme. Pigeons were inoculated with 

1 ml of comminuted tick antigen (32mg/ml) emulsified in 1 ml 

Freund complete adjuvant (Difco, Detroit, MI). Subcutaneous 

injections were given on day 0, 5, and 10, and were subse-

quently boosted 3 times at 10-day intervals with double the 

amount. Other pigeons were immunized with salivary gland 

antigen (0.08mg/ml) by the same regime except that they were 

boosted only once. Blood was obtained from immunized 

pigeons via cardiac puncture on day 0, and 10 days after the 

final inoculation. One pigeon with no previous exposure 

to tick antigens was bled for a negative serological control. 

Serum was separated from the blood, and stored frozen (-20̂ 0) 

without preservatives until titrated for indirect hemagglu-

tinins by passive hemagglutination. Artificially immu-

nized pigeons by comminuted tick antigen were infested with 

60 ticks to determine if circulating antibodies were related 

to host resistance, and an increase in tick mortalitv. 
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In experiments designed to produce positive control 

sera for serological assay, rabbits were inmunized with tick 

antigens. Rabbits were inoculated s^ibcutaneously with 1 ml 

of comminuted tick antigen enulsified in 1 ml Freund 

complete adjuvant on day 0, 7, and 14, and were boosted 

with double amount for three 10-day intervals. Rabbits were 

immunized with salivary antigen (0.08mg/ml) by the same 

regime outlined above. Sera were collected 10 days after 

completion of the inoculation scheme and stored frozen (-20̂ 0) 

v/ithout preservatives until used. 

Determination of Antibodies 

All sera used in antibody assays were heat-inactivated 

(56°C for 30 min), and absorbed to remove heterophile anti-

bodies before iised. Indirect hemagglutinins were determined 

by passive hemagglutination (Kagan and Normal 1976) using a 

microtiter method (Conrath 1972) . Sheep erythrocytes were 

treated, and coated with salivary gland antigen, or commi-

nuted tick antigen. Optimal antigen dilution for erythro-

cytes coated with salivary antigen was 1:10, and comminuted 

tick was 1:100, using rabbit antisera. Antibody titration 

was carried out in U bottom microtiter plates (Cooke 

Engineering Co., Alexandria, VA) using 50 ;ul serum dilutions 

and 2 5 /il of 1.5% suspensions of coated sheep erythrocytes. 

A 1% heat-inactivated, and absorbed normal rabbit serum was 

used as a diluent, and stabilizer. These plates were 

incubated at room temperature for 3 hr, refrigerated 
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overnight, and read for agglutination patterns the next day. 

Sera collected from infested pigeons were titrated for 

indirect hemagglutinins with both types of tick antigen 

coated sheep erythrocytes. This double titration was per-

formed to determine what type of antibody was being produced 

to the feeding of Argas cooleyi. Sera from artificially 

immunized pigeons were titrated for indirect hemagglutinins 

with the immunizing antigen only. 

Assessment of Cell Mediated Immunity 

The iji vitro transformation of lymphocytes was used to 

assess the degree of sensitization of lymphocytes from 

infested, and immunized pigeons. DNA synthesis was demon-

strated by measuring the uptake of (̂ H) thymidine. If a 

cell-mediated response is elicited in a pigeon by A. cooleyi 

feeding, sensitized T-lymphocytes would occur. In vi cro 

cultures of previously sensitized lymphocytes in the presence 

of the sensitizing antigen will proliferate, and will conse-

quently incorporate significantly larger amounts of the 

radioactive tracer than will control cultures to which no 

antigen will have been added. If pigeon lymphocytes were 

sensitized during tick infestation, the sensitizing antigen 

would be most probably associated with the salivary gland. 

The salivary antigen, prepared as previously described, was 

used in this assay. 

Phytohemagglutinin (PHA-P, Difco, Detroit, MI) was used 

as a non-specific mitogen for positive control cultures. 
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PHA was prepared to yield a final concentration in each 

culture of 1 percent. Phytohemagglutinin was used immedi-

ately after reconstitution. The tissue culture medium 

employed was Eagles Minimal Media (MEM, Difco, Detroit, MI) 

supplemented with 10% heat-inactivated fetal calf serum, 

and 5000 U/ml Penicillin, and 5000 /ig/mi Streptomycin 

(Gibco, Grand Island, NY). The medium was buffered to 

pH 7.2 with lO'J sodium bicarbonate. 

Peripheral lymphocytes were obtained from 3 different 

pigeons in each experiment. Lymphocytes from a pigeon with 

no previous exposure to tick antigens or infestation was 

used as a control. Lymphocytes were collected from a pigeon 

that had been inoculated with salivary gland antigen as 

previously described. Lymphocytes collected from an infested 

pigeon as previously described were used as the third pigeon 

lymphocyte source. 

Tv/enty ml of heparinzed (Img/ml) (Sigma, St. Louis, MO) 

peripheral blood was obtained from the pigeon source listed 

above, and diluted 1:2 in a standard balanced salt solution. 

Lymphocytes were separated on a Ficoll-Paque gradient 

(Pharmacia Fine Chemical Inc, Piscataway, NJ) after 

centrifugation 400 x g for 40 min at room temperature (Boyum 

1968, Harris § Ukaejiofo 1970). Layers of lymphocytes were 

collected from the gradient, and washed twice in the balanced 

salt solution. All further separations were performed on 

lymphocytes suspended in 2 ml MEM. T-lymphocytes were 
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purified by sequential filtration through glass, and nylon 

wool columns as described (Trizio ^ Cudowicz 1974). 

Glass wool, fine type (Fisher Scientific Co., Pitts-

burg, PA) was packed to the 8 ml mark in a 12 ml syringe 

(Monojet; Sherwood Medical Industries, Deland, FL) sterilized 

in an autoclave, and washed with 50 ml MEM prior to use. 

Lymphocytes in 2 ml volumes were poured into the glass wool 

column at room temperature, and immediately eluted with 

40 ml MEM. The cells were centrifuged 290 x g for 15 min at 

room temperature, resuspended in 2 ml fresh medium, and 

loaded onto a nylon wool column. 

Twelve ml syringes were packed to the 6 ml mark with 

0.6 g of nylon wool (LP-1 Leuko-Pak; Fenwal Laboratories, 

Morton Grove, IL), sterilized, and washed before use with 

50 ml PBS pH 7.2 followed by 50 ml MEM. The wet columns , 

sealed with parafilm in a vertical position, were incubated 

in a 37°C incubator for 1 hr. The columns were flushed with 

5 ml MEM immediately before use. Cell suspensions were 

poured onto the columns in a dropwise fashion followed by 

1 ml of MEM. The sealed, and loaded columns were kept in a 

37°C incubator for 45 min before recovering T-cells. 

Effluent cells were collected by adding 25 ml of MEM drop-

wise to each column. Effluent T-cells were centrifuged 290 

X g for 15 min at room temperature before resuspending in 

2 ml fresh medium. 

The cells were counted with a hemocytometer using phase 
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contrast microscopy. Cell concentrations (Ivanyi et al. 

1970) ranging from 1-3 x 10 cells/2ml were incubated at 

37° for 12 hr in an atmosphere containing 5% CO" (Oppenheim 

§ Schecter 1976). T-Cells from each lymphocyte source were 

divided into three to four cultures. 

One microcurie of tritiated thymidine ( H TdR) (Specif-

ic activity 0.25 mCi/0.0012 mg in 0.5 ml sterile water, 

New England Nuclear Corp., Boston, MA) was added to each cul-

ture (Ivanyi et al. 1970). Twenty /il of PHA was added to 

each positive control culture, and 100 jul of salivary antigen 

was added to each test culture. A control culture contained 

only ("̂H) TdR while a fourth culture contained 2 0 Ail of PHA 

and 2 5 yul of salivary antigen. All cultures were incubated 

at 37^C for 20 hrs (Ivanyi et al. 1970) in an atmosphere of 

5% C02. 

The cells were harvested by cooling in an ice bath and 

precipitating the protein by the addition of 1 ml of cold 

10% trichloroacetic acid (TCA) (Bollum 1966). Cells were 

centrifuged at 2000 x g (R^„) for 10 min after precipitating 

the protein in a Beckman J21-C centrifuge. The pellet was 

resuspended in 100 /al saline, and distributed onto Whatman 

3 '̂IM discs and allowed to air dry. The dry discs v/ere 

treated with 10% cold TCA, 5% cold TCA, and 95% ethanol for 

15 min each (Bollum 1966) . Filter discs were allov/ed to air 

dry, and then were placed in vials with 4 ml scintillation 

cocktail (Toluene BBOT). Each sample was dark adapted for 



5 min and counted for 50 and 100 min on a LS 230 scinitilla-
3 

tion counter (Beckman). Incorporation of ( H) thymidine 

was reported as counts per 10 cells. Standard error of 

the mean for each sample was less than 5 percent. 

Determination of Rosettes 

Mammalian T-cells have the ability to spontaneously 

form sheep erthrocytes rosettes because of receptors on the 

cell surface. To determine if effluent cells were indeed 

T-cells, they were assayed for E rosettes by the procedure 

of Winchester and Ross (1976). 



CHAPTER III 

RESULTS 

Quantitative Comparison of Antigens 

To compare the composition of the prepared antigens, 

SDS-PAGE disc gel electrophoresis was performed. The stained 

gels of comminuted tick antigen, and salivary gland antigen 

are represented in FIG. 1. Note the extreme heterogeneity 

of the comminuted tick antigen. Increasing the concen-

trations did not resolve the many polypeptides found in the 

comminuted tick antigen. But, there is a major polypeptide 

found near the 50 kD region in both antigens. This is the 

only major polypeptide that can be distinguished in the crude 

antigen that can be also found in the salivary gland antigen. 

The salivary antigen has fewer peptides, each found in higher 

concentration, than the crude antigen. There are no poly-

peptides found above the 100 kD region in the salivary gland 

antigen; it is apparent that this antigen is more pure in 

composition than the crude comminuted tick antigen. 

Acquisition of Resistance 

In tlie experiments designed to test if pigeons repeat-

edly fed upon by groups of ticks would develop resistance, 

an effort was made to determine if ticks fed on sensitized 

birds would be less able to feed to repletion or to survive 
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Figure 1. Polyacrylamide gel electrophoresis of prepared 

antigens after staining with Coomassie Blue. Symbols 

A, 400 yug of comminuted tick antigen; B, 200 jag of 

comminuted tick antigen; C, 100 /ag of salivary gland 

antigen. 
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after feeding. The trials from these experiments failed 

to yield positive results. The tick weights were so variable 

that any possible effects of resistance were obscured. Also, 

there were no observable differences in the survival rates 

of ticks fed in the initial festation as compared to those 

fed in the terminal infestation. In the experiments designed 

to artificially induce resistance, pigeons were immunized 

with comminuted tick antigen. After titrating the level of 

serum antibodies by passive hemagglutinaticn, ticks were fed 

on the immunized bird. The ticks were stored for 60 days, 

and observed for mortality. No observable mortality was 

detected in ticks that had fed on a pigeon with a 1:30"2 cir-

culating antibody level. 

Humoral Response 

Natural immunization by feeding ticks on pigeons 

stimulated an antibody response. Sera collected from pigeons 

infested with ticks were titrated for indirect hemagglutinins 

by passive hemagglutination. The comparison of the serol-

ogical results are illustrated in Table 1. Sera were 

titrated for indirect hemagglutinins with tanned sheep 

erythrocytes coated with comminuted tick antigen, and with 

salivary gland antigen. The antibody titer determined with 

the comminuted tick antigen is lower than the antibody titer 

detected with the salivary gland antigen. The antibodv 

titer detected with the more specific salivary antigen was 

2-fold higher suggesting that the specificity of the antibodies 
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TABLE 1 

SEROLOGICAL COMPARISONS BY PASSIVE HEMAGGLUTINATION OF SERA 
FROM TICK-INFESTED PIGEONS 

Pigeon 
Ant i s e r a 

Comminuted Tick 
Antigen Sensitized 
Sheep Erythrocytes 

Salivary Gland 
Antigen Sensitized 
Sheep Erythrocytes 

1 
2 

1:12 
1:24 

1:48 
1:96 



are more closely associated with the more specific salivary 

antigen. 

The antibody titer of pigeons artificially immunized 

with comminuted tick antigen was determined to be 1:30"2 

by passive hemagglutination. An antibody titer of 1:96 was 

demonstrated in pigeons immunized with salivary gland antigen. 

Lymphocyte Response 

In an effort to determine if a host cellular response 

had occurred to the feeding of ticks or to salivary gland 

antigen immunization, an i^ vitro assay was employed. Meas-

uring DNA synthesis by the uptake of triated thymidine 

was used to assess the degree of sensitization of the lympho-

cyte populations in each pigeon. The results of the incor-

poration of ("̂H) TdR are illustrated in FIG. 2 for the 

peripheral T-lymphocytes from the control pigeon, the immu-

nized pigeon, and the infested pigeon. The serum antibody 

level in the artificially immunized donor pigeon was deter-

mined to be 1:96 by passive hemagglutination. The serum 

antibody level in the infested pigeon was determined to be 

1:48, after 5 infestations consisting of groups of 20 ticks 

every 4 days. As illustrated in FIG. 2, the control cultures 

for the control pigeon and the artificially immunized 

pigeon incorporated twice the amount of radioactive tracer 

when stimulated by PHA. The level of incorporation of 

thymidine into DNA for all cultures incubated in the presence 

of salivary gland antigen was reduced below the level of the 
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control cultures. The pigeon T-cells that were sensitized 

by the feeding of ticks responded in a different manner. 

The control culture incorporated the most (̂ H) thymidine. 

The PHA was not able to stimulate these cells to the same 

degree as the PHA stimulated the other donor pigeon lympho-

cytes. Note that the highest counts/lO^ cells occurred in 

the control culture. The salivary gland antigen decreased 

the counts/10 cells in the infested pigeon culture as it 

had done in the other donor cultures. This depression of 

counts suggested that the salivary gland antigen was sup-

pressing the proliferation of cells. 

To determine if suppression was occurring a fourth 

culture was added to the scheme. This fourth culture con-

tained PHA and salivary gland antigen. If the salivary anti 

gen had the ability to suppress proliferation of T-lympho-

cytes, it would suppress the ability of PHA to stimulate 

cells nonspecifically. The results of the incorporation of 

the tritiated thymidine in the fourth culture showed a 50% 

decrease. This data confirmed the results of the previous 

experiments. The addition of salivary gland antigen to a 

culture stimulated with a potent mitogen had the ability to 

suppress mitogen activity. To determine if cytotoxicity was 

responsible for this suggested suppression in the salivary 

antigen stimulated cultures, cell viability was determined 

after the 20 hr pulse time. Cell viability was determined 

to be approximately ^^-^'O^ in all cultures after incubation 
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3 
Figure 2. Uptake of ( H) thymidine by pigeon T-cells 

stimulated with phytohemagglutinin (PHA), salivary 

gland antigen (SAL) and nonstimulated control cultures 

(C). Each bar represents the counts/10 cells pulsed 

with 1 /JCÍ for 20 hr and then harvested. Symbols: 

CB, represent T-lymphocytes from a control pigeon with 

no previous exposure to antigens or infestation; IB, 

represents cultures of T cells from a pigeon 

immunized with salivary gland antigen with a 1:96 

circulating antibody titer; FB, represents cultures 

from a pigeon infested with 20 ticks every 4 days 

for 20 days, and a circulating antibody titer of 1:48. 
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period by the exclusion of trypan blue. 

Rosette Test 

The rosette test was used to assay for sheep erythro-

cyte receptors on the surface of T-lymphocyte populations. 

The pigeon T-lymphocytes did not appear to have receptors 

for sheep erythrocytes, as do other mammalian T-lymphocytes. 



CHAPTER IV 

DISCUSSION 

The purpose of this study was to determine whether 

pigeons could respond to the feeding of Argas cooleyi by 

provoking an immune response. Both the cellular and humoral 

aspects of the host response were investigated in an attempt 

to determine the nature of the host-parasite interaction 

occurring to the feeding of this argasid tick. Evidence 

for a humoral and cellular response to ixodid ticks feeding 

on various mammal hosts has been demonstrated (Trager 1939, 

Riek 1958, 1962, Boese 1974, Allen 1973, Wikel § Allen 1976 

a,b). The immune response operating against ixodid ticks 

results in what is known as resistance. Resistance has the 

potential to decrease the number of ticks feeding to reple-

tion or the numbers allowed to feed on subsequent infesta-

tions after resistance has been acquired. Allen (19^3), Wikel 

§ Allen (1976a,b) have substantiated the delayed hypersensi-

tivity and a humoral component necessary for resistance to 

be manifested. 

Failure to demonstrate this type of immunity in pigeons 

to the feeding of Argas cooleyi may be ascribed to a 

different mechanism operating in regards to soft tick feeding. 

Since ixodid ticks require a continuous blood meal over a 

32 
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period of several days (Balashov 1968) , it is not unlikely 

that the resistance mechanism would differ for the rapid 

feeding argasid tick. In retrospect, it would have been 

preferable to have infested pigeons with larvae in an attempt 

to provoke resistance in pigeons, since they feed for a 

longer period of time more closely approximating ixodid 

tick feeding. 

The ability of infested pigeons to provoke an antibody 

response to feeding is important, because it relates to the 

presence of an antigenic substance introduced during the 

brief feeding process. Pigeons were artificially immunized 

with both antigens, yet, feeding experiments on a pigeon 

with a high circulating antibody level to comminuted tick 

antigen did not appear to influence the development of 

resistance or increased mortality in ticks. 

The experiments reported here on the lymphocyte response 

have suggested a suppressive effect of the salivary gland 

antigen. The addition of PHA to a culture of infested 

pigeon lymphocytes did not respond as did lymphocytes from 

cultures of control, and immunized pigeons, incubated in the 

presence of PHA. Apparently, the effect of ticks feeding on 

pigeons could induce a suppressed state in the host, such 

that the T-cells were unable to be stimulated in the presence 

of a potent mitogen. This could account for the depression 

of isotope incorporation below the control culture in the 

PHA stimulated culture of infested pigeon lymphocytes. 
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Further evidence that the salivary gland antigen has a 

suppressive ability has come from experiments in which both 

PHA and salivary gland antigen were incubated together. In 

these experiments there was a 50% decrease in the uptake of 

the radioactive tracer when incubated together, as compared 

to the uptake of tracer in the PHA alone stimulated cultures. 

This suggests that the salivary antigen has the ability to 

suppress the mitogenic activity of PHA in, vitro. In all 

cultures the viability after the 20 hr pulse time remained 

65-70% which tends to rule out the possibility of cyto-

toxicity being responsible for this apparent suppression. 

The data in this report indicates that a host response to 

the feeding of Argas cooleyi occurs. The author reports a 

moderate humoral response provoked by the feeding of this 

soft tick. This could also indicate that the antigenic 

substances introduced during feeding have a T-cell helper 

function. The iji vitro experiments with lymphocytes 

indicate that there appears to be some substance present in 

the tick saliva that has the ability to suppress the host's 

cellular response. How this suppression is effected is 

unexplained. The component(s) present in the salivary 

antigen that are responsible for this suppression remain to 

be investigated. If indeed Argas cooleyi has the ability to 

suppress the host's cellular response to this parasite, it 

sould be another unique model in host-parasite evolution in 

which the parasite has evolved some mechanism to overcome 
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the host's defenses. Another example of host-parasite 

evolution was suggested by the report of Plaut, Gilbert, 

Artenstein, and Capra (1975) that clinical isolates of 

Neisseria gonorrhoaea and N. meningitidis grown iji vitro 

elaborate extracellular, highly specific, proteolytic 

enzymes that cleave human serum and secretory IgA. N_. 

gonorrhoaea and N. meningitidis are strictly pathogenic 

for human beings, and as a result of infection produce 

antigonococcal antibody of the secretory IgA type. 

Reinfection may occur despite this adequate immunological 

response, which may be related to the IgA protease that 

allows the organism to resist immune attack. 

Further studies on this suppressive effect of salivary 

gland are needed. Dose response studies are indicated as 

well as experiments with other mitogens. When these experi-

ments are complete, one would better understand the mechanism 

operating to effect suppression, and the mechanism operating 

in pigeons to the feeding of Argas cooleyi. 



LITERATURE CITED 

Allen, J. R. 1973. Tick resistance: basophils in skin 
resistant guinea pigs. Int. J. Parasitol.3: 195-200. 

Askenase, P., J. Haynes, D. Tauben ^ R. DeBernado. 19:̂ 5. 
Specific basophil hypersensitivity induced by skin 
testing and transferred using immune serum. Nature 
256: 52. 

Bagnall, B. ^ B. Doube. 1975. The Australian paralysis 
tick Ixodes holocyclus, Austral. Vet. J. 51: 159-60. 

Balashov, Y. S. 1972. Bloodsucking ticks (Ixodoidea)- -
vectors of diseases of man and animals. Ent. Soc. 
Amer. Misc. Publ. 8: 1-376. (Translation 500, U. S. 
NÃMU-^^TTT 

Berenberg, J. L., P. A. Ward § D. E. Sonenshine. 1972. 
Tick-bite injury: mediation by a complement-derived 
chemotactic factor. vJ. Immunol. 109(3): 451-56. 

Boese, J. L. 1974. Rabbit immunity to the rabbit tick, 
Haemaphysalis leporispalustris (Acari: Ixodidae). 
"; The development of resistance. J. Med. Ent. 
11: 503-12. 

Bollum, F. J. 1966. Filter paper disk techniques for 
assaying radioactive macromolecules. p. 169-1"'3, 
In: Grossman, L. § K. Moldave, eds., Methods in 
ÍT zymology XII. Academic Press, N.Y, 

Boyum. A. 1968. Separation of leukocytes from blood and 
bone marrow. Scand. J. Clin. Lab. Invest. 21 (Supp. 
97) : 1. 

Branagan, D. 1974. The feeding performance of the Ixodid 
Rhipicephalus appendiculatus Neum. on rabbits, cattle 
and other hosts. Bull. ent. Res. 64: 387-400. 

36 



Conrath, T. B. 1972. Handbook of microtiter procedures. 
Dynatech Corp. , Cambridge, Mass. 475 p. 

Gregson, J. D. 1970. Antigenic properties of tick secretions 
J. Parasitol. 56: 1038-39. 

Harris, R, § E. 0. Ukaejiofo. 1970. Tissue typing using rou-
tine one-step lymphocyte separation technique. Brit. J. 
Haematol. 18: 229-35'. 

Ivanyi, J. , E. Skamene P7 A. Kurisu. 1970. Stimulation of 
chicken lymphocytes ijn. vitro by antiimmunoglobulin 
sera. Folia Biologica 16: 34-36, 

Kagen, I. G. § L. Norman. 1976. Serodiagnosis of parasitic 
diseases. p. 382-409. Hi: Rose, N. R. § H. Friedman, 
eds., Manual of clinical immunoiogy. Amer. Soc. Micro-
biol. , Wash., D.C. 

Kohls, G. M. § H. Hoogstraal. 1960. Observations on the 
subgenus Argas (Ixodoidea, Argasidae, Argas) 2. A. 
cooleyi, new species, from Western North American 
birds. Ann. Ent. Soc. Amer. 53(5):623-31. 

Lpwry, 0. H., W. J. Rosebrough, A. L. Farr ^ K. J. Randall. 
1951. Protein measurement with Folin phenol reagent. 
J. Biol. Chem. 193: 265-75. 

Lugtenberg, B., J. Meijers, R. Peters, P. van der Hoek § 
L. van Alphen. 1975. Electrophoretic resolution of_ 
the major outer membrane protein of Escherichia coli 
K 12 into four bands. FEBS Lett. 58(1): 254. 

Moorhouse, D. E. 1975. Studies on the feeding of larval 
Argas persicus Oken. _Z. Paraskitenk. 48: 65-71. 

Oppenheim, J. J. 5 B. Schecter, 19"6. Lymphocyte trans-
formation, p. 81-94. In.: Rose, N. R. § H. Friedman, 
eds., Manual of' clinical immunology. Amer. Soc. 
Microbiol., Wash., D. C 

Plaut, A. G., J. V. Gilbert, M. S. Artenstein ^ J. C. 
Capra. 1975. Neisseria gonorrhoeae and Neisseria 
meningitidis extracellular enzyme cleaves human 
immunoglobulin A. Science 190: 1103-05. 

Riek, R. F. 1958. Studies on the reactions of animals to 
infestation with ticks. III. The reactions of labor-
atory animals to repeated sublethal doses of egg 
extracts of Haemaphysalis bispinosa Neumann. Austral. 
J. Agr. Res. 9: 830-41. 



38 
1959. Studies on the reactions of animals to infestation 
with ticks. V. Laboratory animals as host for the cat-
tle tick, Boophilus microplus (Canestrini), Austral. 
J. A££. Res. 10: 614-19. 

1962. Studies on the reactions of animals to infestation 
with ticks. VI. Resistance of cattle to infestation 
with the tick Boophilus microplus (Canestrini). Austral. 
J. A£r. Res_. 13: ^32-50. 

Roberts, J. A. 1968a. Acquisition by the host of resistance 
to the cattle tick, Boophilus microplus (Canestrini). 
J. Parasitol. 54(4) : 657-662. 

1968b. Resistance of cattle to the tick Boophilus microplus 
(Canestrini). II. Stages of the life cycle of the para-
site against which resistance is manifest. J. Parasitol . 
54(4): 667-73. ~ 

1968c. Resistance of cattle to the tick Boophilus microplus 
(Canestrini). I. Development of ticks on Bos taurus. 
J. Parasitol . 54(4): 663-66. 

Studier, F. W. § J. V. Maizel. 1969. T7 directed protein 
synthesis. Virology 39: 575-86. 

Tatchell, R. J. § G. F. Bennet. 1969. Boophilus microplus: 
Antihistamine and tranquillizing drugs and cattle 
resistance. Exper. Parasitol. 26: 369-7". 

Tatchell, R. J, § D. E. Moorhouse. 1968. The feeding pro-
cess of the cattle tick Boophilus microplus (Canestrini). 
Part II. The sequence of host tissue cnanges. 
Parisitology 58: 441-59. 

Trager, W. 1939a. Acquired immunity to ticks. J.. Parasitol. 
25: 57-81. 

1939b. Further observations on acquired immunity to the 
tick Dermancentor variabilis Say. J. Parasitol, 
25: 137-39, 

1940. A note on the problem of acquired immunitv to argasid 
ticks. J. Parasitol. 26: 71-74. 

Trizio, D. § G. Cudowicz. 1974. Separation of T and B lymph-
ocytes by nylon and wool columns: evaluation of efficacy 
by functional assays in vivo. J. Immunol. 113(4): 
1093-97, 



39 

Weber, K. § M. Osborn. 1969. The reliability of molecular 
weight determinations by dodecyl sulfate-polyacrylamide 
gel electrophoresis. J. Biol. Chem 244 (16) :' 4406-4412 

Wikel, S. K. ^ J. R. Allen. 1976a. Acquired resistance 
to ticks. I. Passive transfer of resistance. Immunology 
30: 311-16, 

1976b. Acquired resistance to ticks. II, Effects of cyclo-
phosphamide on resistance. Immunology 30: 479-84. 

Winchester, R. J. ^ G. Ross. 1976, Methods for enumerating 
lymphocytes population: p, 64-76, In: Rose, N. R. § 
H. Friedman, eds., Manual of clinical immunology. 
Amer. Soc. Microbiol., WasITr, D. CT. 

1 
I 




