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ABSTRACT

This thesis describes studies that were undertaken to evaluate

in vitro cell-mediated and humoral immune mechanisms in bovine tro¬

pical theileriosis caused by Theileria annulata, and to identify

target cells infected by Theileria annulata and Theileria parva

sporozoites.

Bovine peripheral blood leucocytes (EBL) were fractionated into

B-enriched and T-enriched cell populations by nylon wool adherence,

plastic surface adherence or E-rosette sedimentation. Evaluation of

the infectibility of fractionated cell populations and EBL by Theil¬

eria annulata sporozoites in vitro showed that T. annulata selectively

infects and establishes in adherent cells, a significant proportion

of which exhibit Ec receptors, but these infected cells did not

appear to secrete immunoglobulin. Identification of the cell types

in T. parva and ^T. annulata cell lines using immunofluorescence and

rosette assays showed that T. parva cell lines exhibited T cell sur¬

face markers whereas T. annulata cell lines did not. Moreover, a

significant percentage of cells in T. annulata cell lines had Pc

receptors indicating that these parasites infect different lympho¬

cyte subpopulations.

Optimal conditions for the production of bovine T cell growth

factor (TCGP) were established. A combination of Concanavalin A

(Con A) and bovine spleen cells yielded more potent TCGP than a

combination of Con A and EBL. The TCGP thus produced was used to

maintain T cell blasts in culture for about two months.

Cell-mediated immune responses in bovine tropical theileriosis

were studied using a cell culture technique. This technique

allowed for evaluation of cell-mediated responses in an autologous
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system, in that cultures were initiated in vitro using EBL from

an animal before infection and these were later used as targets

for effectors from the same individual following infection.

Results of this preliminary study showed that cells whose cyto¬

toxicity was restricted to autologous cell lines were generated

only in calves that had been successfully infected and immunized

against the parasite thus suggesting a role for genetically-

restricted cytotoxicity in recovery from and immunity to theiler-

iosis.

Non-genetically restricted cytotoxic cells were irregularly

generated in vitro following initiation and maintenance of an

autologous mixed lymphocyte reaction for five days in growth

medium. Addition of crude bovine TCGF to this culture system did

not enhance the generation of cytotoxic cells.

Sporozoite infectivity for bovine lymphocytes in vitro was

specifically inhibited by serum taken from cattle hyperimmunized

with stabilates of T. annulata sporozoites. There was no synei>-

gistic inhibitory effect when sporozoites were exposed to both

antisera and PBL from immune calves.

It was suggested that immunity against bovine theileriosis

is an interplay between humoral and cell-mediated .immune mechanisms.

Antibodies may inhibit entry of sporozoites into the host's target

cells and their subsequent transformation and cytotoxic cells

kill schizont-infected cells.
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CHAPTER OHE

INTRODUCTION

Theileria are obligate, intracellular protozoal parasites of

domestic and wild Bovidae. They are transmitted transstadially,

but not transovarially, by ixodid ticks and have a world-wide

occurrence (Neitz, 1957? Barnett, 1968, 1977)* In their vertebrate

host, the pathogenic Theileria of cattle, buffalo, sheep and goats

cause a disease syndrome known as theileriosis which is characterised

by parasite invasion of cells of the lymphocytic and erythrocytic

series. Two characteristic forms are identifiable in the life cycle

of Theileria in the mammalian host, the schizonts within the lympho¬

cytes and the piroplasms in the erythrocytes.

The biology and taxonomic position of the Theileria species

have been a vexed problem since they were first discovered. The

incomplete knowledge of the full life cycle of the parasites in the

arthropod vector made their classification very difficult. Thus

their classification has changed from time to time as new information

on their life cycle in the tick has emerged. Various names of the

parasites were put forward some of which were not valid. However

Barnett (1968), TJilenberg (1976, 1978) and Brocklesby (1978) were

of the opinion that there were four valid bovine species: T. parva,

T. annulata, T. mutans and T. sergenti. The generally accepted

species of sheep and goats are T. hirci and T. ovis (Uilenberg, 1981).

This view expressed about the valid bovine species omits T. lawren-

cei, T. bovis and others that have been encountered in cattle and

wildlife in Eastern and Central Africa. The exact status of T. law-

rencei is difficult to define as the parasite on first transfer from
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buffalo to cattle does not behave like classical T. parva, but

after tick/bovine passage, becomes indistinguishable from T. parva

(Brocklesby, 1978). TJilenberg (1976, 1978) suggested the adoption

of a trinomial system of nomenclature. Under this system, the

classical East Coast fever parasite would be named T. parva parva;

the buffalo parasite would become T. parva lawrencei and the para¬

site causing Ehodesian theileriosis would become T. parva bovis.

This trinomial classification has not been adopted by many people,

who instead prefer to use the serotypes T. parva, T. lawrencei and

T. bovis (Uilenberg, 1981).

Of the Theileria species, the two of outstanding importance

in cattle are T. parva and T. annulata. T. parva causes classical

East Coast fever (ECF), a disease with high morbidity and often

very high mortality (Brocklesby et_ al., 1961), but which is geo¬

graphically limited to Eastern and Central Africa, south of the

Sahara (Neitz, 1957). T. annulata causes Mediterranean Coast fever

or tropical theileriosis, a disease often associated with high mor¬

bidity and mortality, but which has a more extensive geographical

distribution covering a wide belt in the tropical and sub-tropical

zone from Morocco and Spain in the west to China in the east.

Economically, therefore, T. annulata is considered as probably the

most important of all the tick-borne disease agents of domestic

livestock (Barnett, 1963; Purnell, 1978).

Theileriosis assumes its greatest importance in the cattle

industry where it causes enormous economic losses. These losses

arise from several factors. Direct losses occur due to deaths
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caused by T. parva and T. annulata infections. However, mortality

in susceptible cattle varies according to the virulence of the

species and strain of the parasite involved. Mortality in T. parva

infections may be over 90% (Brocklesby et al., 1961; Wilde et al.,

1968). In the case of T. annulata infections, the mortality rate

can vary considerably. A mortality rate of more than 90% may occur

among the newly introduced European breeds of cattle although mortal¬

ity in indigenous breeds in enzootic areas may be only up to 20%

(Rafy et al., 1965). There are further direct losses which are

associated with subclinical diseases due to infections with the two

parasites, which lead to unthriftiness and reduced productivity.

Indirect losses arise from measures instituted to control the

vector ticks. These measures include restriction of cattle move¬

ment and dipping or spraying of cattle. The latter entails the

construction of dip tanks and spray races and the purchase of acari-

cides. Moreover, acaricide resistance may develop which in turn

necessitates the purchase of new and more expensive acaricides. In

areas where theileriosis is enzootic most people have to restrict

themselves to the use of the less productive indigenous breeds that

are more resistant to theileriosis than the European breeds. This

may result in retardation of agricultural development in many areas

where T. parva and T. annulata infections are enzootic. The deficit

in animal production thus created compels some of the countries

affected to import beef and dairy products, which is a further drain

on their meagre reserves of foreign exchange. The overall economic

losses may therefore be much higher than those normally presented and
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this constitutes an enormous and unacceptable drain on the resources

of developing countries.

The ever growing demand for animal protein has led to the

development, in recent years, of intensive dairy and beef production,

especially in the Near and Middle East, the Indian subcontinent and

many other parts of the tropics and sub-tropics. Much of the in¬

creased productivity, especially in dairy production, is dependent

on the importation of exotic breeds of European origin to replace or

upgrade the local, resistant, but less productive Zebu. The high

susceptibility to T. parva and T. annulata infections of these newly

introduced breeds and their crosses can lead to considerable losses

from tropical theileriosis or East Coast fever. There is thus a

need to protect these animals from the two diseases.

Initially attempts to eradicate Theileria infections depended

on the control of vector ticks together with strict control of cattle

movement. These, however, were not entirely effective. Comple¬

mentary methods of immunization and chemotherapy, therefore, had to

be sought. The search for an effective drug against East Coast fever

(Wilde, 1967) or tropical theileriosis (Neitz, 1957) bas been an

unrewarding one. The use of attenuated tissue culture vaccines

against tropical theileriosis, originally produced in Israel, has

become widespread (Pipano, 1977) • However, these vaccines do not

always protect against tick or sporozoite challenge (Pipano, 19775

1981). Attempts to utilise T. parva-infected cultures as a vaccine

against ECP have been less successful. In order for a culture vaccine

to be effective, the parasite needs to be established in cells of the



recipient (Brown et al., 1971? 1978b). This is usually readily

achieved by using 100 to 1000 times fewer T. annulata cultured

cells than T. parva cells. Brown et al. (1978b) reported the

successful immunization of cattle against homologous tick-derived

g
EOF challenge, following inoculation of 10 attenuated schizont-

infected cells. In contrast other workers (Pipano and Tsur, 1966;
k 6

Hooshmand-Rad, 1973) only used 10-10 cells harvested from in

vitro cultures to immunize cattle against T. annulata. It is con¬

sidered that histocompatability factors may account for the much

higher number of T. parva infected cells needed to initiate infection

or for immunization (Brown et al., 1978a,b). These differences

would raise the question of whether or not the two parasites infect

the same target cell(s). Using peripheral blood leucocytes (PBL)

from a bovine chimaeric male twin to a female for in vitro infection

with Theileria sporozoites, it has been shown that T. parva appears

to have a preference for infecting a more restricted cell population

than T,. annulata (Spooner et al., 1981; Teale et al., 1981).

Of the methods of immunization that have been tried, the most

successful one has been termed "infection and treatment" or chemo-

prophylaxis using tetracyclines (Radley et al., 1975a5b,c). This

method is based on suppression of development of the parasite in

the bovine host by administration of a suitable chemotherapeutic

agent. This agent, usually a tetracycline, is given immediately

after inoculation of the infective particles, either by the tick or

by injecting a stabilate prepared from infected ticks (Reitz, 1953>

1957; Brocklesby and Bailey, 1965; Jarrett _et al., 1969b; Brown et

al., 1977a). Animals treated in this way develop mild or inapparent



6.

reactions eventually "becoming immune. The technique was first

developed using T. parva (Neitz, 1953)> "but has recently been ex¬

tended to T. annulata (Gill et al., 1977a, 1978). Using ticks as

the source of ECF infection and administering chlortetracycline

hydrochloride (Aureomycin) at 10 mg/kg intravenously for 8-12 days

starting one day after tick attachment, it has been demonstrated

that cattle could be immunized against ECF (Neitz, 1903)• I*1

T. annulata infection this technique has been successful using

stabilate-induced infections and one or two doses of long-acting

oxytetracycline commencing on the same day of infection (Gill et al.,

1978). However, this immunization technique is still at the develop¬

ment stage (Radley, 1981).

Recovery from ECF is followed by solid immunity to homologous

challenge for at least 1+3 months (Burridge et al., 1972), however,

animals may be partially or totally susceptible to challenge with a

different strain (Radley et al., 1975^5 Radley, 1978). Animals

recovered from one strain of T. annulata also resist re-infection

with the same strain, but may not be completely protected against

another strain (Sergent et_ al., 19^5; Pipano, 197U, 1977)- Immunity

to both parasites wanes significantly in the absence of re-infection

(Neitz, 1957; Barnett, 19^3)• Except for classical cattle-adapted

strains of T. parva, recovery from Theileria is followed by the

carrier state, which is often life-long. Piroplasms persist in the

erythrocytes in small numbers, but it is uncertain whether schizonts

also persist (Pipano, IJTU).

The nature of the immunity to theileriosis has not yet been

fully explained. High titres of antibodies to both macroschizont
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and. piroplasm antigens, detectable by various serological techniques,

are often present from 21 days after infection and may persist for

six or more months (Stepanova, 1968; Burridge and Kimber, 1973a).

However, these antibodies have not shown either a protective or a

therapeutic effect when transferred to susceptible animals (Pipano,

197U; Muhammed et al., 1975). On the other hand, recent evidence

has demonstrated that neutralizing antibody inhibited the infectivity

of T. annulata sporozoites in vitro (Gray and Brown, 1981) and T.

parva in vivo (Musoke et al., 1982), thus suggesting the role of

antibody in effector immune mechanisms against theileriosis. Cell-

mediated immune mechanisms, as suggested by Hulliger et al. (19&5)

and Wilde (19^7)» have now been shown to operate against schizont-

infected cells in T. parva infections (Pearson et al., 19798, 1982;

finery, 1981; Eugui and Emery, 1981; finery et al., 1981a) and in T.

annulata infections (Singh et al., 1977).

In any studies on the effectors of immune mechanisms in bovine

theileriosis, one must specify the stage or stages of the parasite

against which they operate. In T. annulata, all three stages of the

parasite (tick-derived sporozoites, schizonts and piroplasms)are

known to differ immunologically, and each induces a specific immune

response that provides only partial or no protection against the

other stages (Pipano, 197^+)- Cattle immunized with erythrocytic

forms are not protected against infection with schizonts or tick-

derived sporozoites (Pipano, 1977). For T. parva, Weitz (19&h)

showed that cattle in which only piroplasms multiplied following

blood inoculations were not protected against tick challenge, while

Brown et al. (1978b) showed that immunization of cattle with cultured
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schizonts protected them against homologous sporozoite challenge.

The stages in the life cycle of the parasite in the bovid host

where the effectors of immune mechanisms may operate are shown in

Table 1.

This thesis reports:

1. An investigation of the immune effector mechanisms that (a) block

the entry of sporozoites into the target cells and (b) kill

schizont-infected cells.

2. Studies aimed at defining the bovine lymphocyte population or

populations infected by T. annulata and T. parva sporozoites.

3. Whether cytotoxic cells are produced during clinical theileriosis

that can kill autologous and allogeneic schizont-infected cells.

1+. Whether there is enhancement in production of cytotoxic cells

following co-cultivation of effector cells with irradiated

infected cell lines, in the presence or absence of crude bovine

T cell growth factor (TCGF).

5- Whether antisera collected following infection with T. annulata

or T. parva contain an antibody that inhibits sporozoite invasion

and mediates cell cytotoxicity.

It was hoped that the knowledge gained from this study would

contribute towards the understanding of the immune mechanisms that

operate in bovine theileriosis and assist efforts being made to

produce an effective vaccine.
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Table 1 Immune Mechanisms in Bovine Theileriosis

Effector Mechanisms

o- - SPOROZOITES

INFECT

•Block sporozoite entry

iYMPHOCYTE

(TROPHOZOITE FORMATION)

Block transformation
of infected cells

INFECTED, TRANSFORMED LYMPHOCYTE
(SCHIZONT)

■Kill cell and/or
parasite
- Stops division

SCHIZONT MULTIPLICATION AND
DIFFERENTIATION

Block parasite
differentiation

MEROZOITES

■Kill merozoites and/or
inhibit infections of

erythrocytes

INFECTED ERYTHROCYTES
(PIROPLASM)

Block gametocyte
development and
tick infection

GAMETOCYTES
(INFECTIVE FOR THE TICK)
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This literature review on Theileria annulata and Theileria

parva will concentrate on those aspects that were investigated in

the present study. A brief mention will be made of other aspects

and the disease caused by the two parasites, as excellent reviews

on theileriosis have recently been presented (Barnett, 1968, 1977)•

An older review by Neitz (1957) is still of value in many respects,

and that by Sergent et al. (19^-5) gives a useful account of

Mediterranean theileriosis; Wilde (1967) and Purnell (1977) have

reviewed the research work undertaken on T. parva by workers in

East Africa. The reports of the two meetings on theileriosis held

at the International Laboratory for Research on Animal Diseases

(ILRAD), Nairobi, Kenya in 1976 and 1981 provide summaries of the

most recent developments in research on these two diseases (Henson

and Campbell, 1977; Irvin, Channingham and Young, 1981).

2.2 Tropical theileriosis caused by T. annulata

The disease of cattle caused by the parasite T. annulata

(Dschuhkowsky and Luhs, 190U) bas been referred to as Egyptian fever,

tropical theileriosis, tropical piroplasmosis, Mediterranean Coast

fever, malignant bovine theileriosis and theileriosis annulata

(Neitz, 1957)' The disease occurs principally in dry areas, and

it is present through a wide belt of tropical and subtropical zones.

It extends eastwards from Portugal, Spain and Morocco, through the

Mediterranean Coast of Europe and North Africa into South East Europe,
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the Near and Middle East, Southern Russia, Siberia and across the

Indian subcontinent to China and the Par East (Neitz, 1957; Purnell,

1978). T. annulata has not been reported in East Africa, the South¬

ern limit of its distribution being Sudan and Eritrea.

The disease affects principally cattle of European (Bos taurus),

Asiatic and African (Bos indicus) breeds. The water buffalo (Bubalus

bubalis), although susceptible is apparently more resistant than

cattle (Dhar et al., 1973)* There are also reports of the disease

affecting the North American bison (Bison bison) (Neitz, 1957) and

the Tibetan yak (Bos grunniens) (Barnett, 1977)• Recently, Bipeolu

and Ogunji (1977) reported the transmission of the parasite to a

laboratory New Zealand rabbit (Orvctolagus cunicuius). To date,

there is no known wild mammalian reservoir of the disease (TJilenberg,

1976).

2.2.1 Biological transmission

Under natural conditions, T. annulata is transmitted from

infected to susceptible ruminant hosts by ticks of the genus

gyalomma (Koch, 18I4I4.) in which the parasite undergoes part of its

development cycle. Most of these tick vectors undergo a 2- or 3~bost

cycle on vertebrate hosts, and ticks infected as larvae or nymphs

transmit the parasite when subsequently feeding on a susceptible

host in the next instar. Approximately 15 species of Ryalomma are

known to transmit the disease either naturally or experimentally,

but in the field the main vectors are H. detritum, H. excavatum,

H. dromedarii, H. anatolicum anatolicum, H. marginatum and H. tura-

nicum (Robinson, 1979).
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2.2.2 Mechanical transmission

T. annulata can be easily transmitted to a susceptible

animal by the inoculation of infected blood, organ suspensions or

any body fluid taken when schizonts are detectable in the internal

organs of the donor animal (Sergent et al., 19U5)- Infections

produced using blood as the inoculum are generally less virulent

than those caused by infected tick bites. Pipano (1972) reported

that inoculation of blood from convalescing calves showing only

piroplasms, into splenectomized calves, was followed by multipli¬

cation of piroplasms in the recipients one to 11+ days after inocul¬

ation. Schizonts were first detected in liver biopsy smears 1+1

days after blood inoculation. The conclusion reached by Pipano was

that piroplasms of annulata may give rise to schizonts, which

would thus reverse the life cycle of the parasite as it is currently

understood.

The ease with which the parasite can be transmitted artific¬

ially has made it possible for comprehensive studies on the virul¬

ence, antigenicity and immunogenicity of different strains of T.

annulata to be undertaken. The method has also been used in immuni¬

zation procedures which will be described later. Cultured schizonts

can also be used in artificial transmission of the disease and in

immunization procedures (Pipano, 197l+> 1977).

2.3 East Coast Pever Caused by Theileria parva

T. parva causes a disease of cattle commonly known as East

Coast fever (ECP) (Heitz, 1957). The only other species known to

be susceptible to ECE are the closely related buffaloes, Syncerus

caffer and Bubalus bubalis (Barnett, 1968). The disease is enzootic
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in much of Eastern and Central Africa south of the Sahara (Neitz,

1957). The countries affected are Southern Sudan, Somalia, Kenya,

Uganda, Zaire, Tanzania, Rwanda, Burundi, Zambia, Malawi and

Mozambique (Henson and Campbell, 1977).

2.3*1 Biological transmission

The natural vector of T. parva is the three-host tick,

Rhipicephalus appendiculatus. Under experimental conditions, ECP

has been transmitted by many other tick species including R. evertsi,

R. pulchellus, R. carnivoralis, R. compositus, R. ,ieaneli, R. pravus,

R. simus; Hyalomma dromedarii and H. truncatum. However, with the

possible exception of R. evertsi, it seems unlikely that these

ticks are involved in the natural transmission of the parasites

(Barnett, 1968).

2.3.2 Mechanical transmission

T. parva can be artificially transmitted by inoculation of

blood and organ suspensions containing schizonts (Neitz, 1957).

Unlike T. annulata, this method does not invariably produce infection

as found by Theiler and Du Toit (1929)> who, using this method only

managed to infect 12 out of 1+9 calves with T. parva. Walker and

Whitworth (1930) also reported that the use of this method did not

always induce infection in the recipients. Neitz (1961+) passaged

T. parva piroplasms by inoculation of blood through three splenect-

omized calves. The calves, after incubation periods of varying

duration, showed piroplasms in their peripheral blood, which could

be detected for three years. This suggested that piroplasms of

0?. parva were capable of multiplication.
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2.L. Classification

Classification of Theileria parasites has been a subject of

much debate with the passage of time. This has been mainly due to

an incomplete knowledge of the life cycle of the parasites in the

vector ticks. Each new theory that emerged about the life cycle

of the parasites led to a subsequent change in their classification.

Originally it was accepted that the life cycle of Babesiidae

and Theileriidae involved sporogony in the invertebrate host and

asexual multiplication (schizogony or binary fission) in the

vertebrate host (Barnett, 1968). On this basis, Wenyon (1926)

proposed the following classification:

eriidae and maintained the genus Theileria with a single species

T. parva. The remaining Theileria spp. were transferred to the

family Gonderiidae and included in the redefined and reinstated

genus, Gonderia. The main differences between the two families

were that parasites in the family Theileriidae multiplied by schizo¬

gony in the lymphocytes, but did not divide in the red blood cells,

while parasites in the family Gonderiidae multiplied by binary

fission in the erythrocytes and by schizogony in the lymphocytes

(= Gonderia) or histiocytes (= Cytauxzoon). However, Heitz (196I4.)
then sank the genus Gonderia by showing that T. parva divided in

the red blood cells.

Sub-order

Family
Genus

Phylum
Class

Sub-class

Order

Protozoa

Sporozoa

Coccidiomorphora
Coccidiida

Piroplasmidea

Theileriidae, Babesiidae

Theileria, Babesia

Neitz and Jansen (1956) revised the classification of Theil-
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Levine (1961) suggested that the families Babesiidae and

Theileriidae should be placed as an appendage of protozoa pending

clarification of their life cycle. In this system they were moved

away from the malaria parasites, and although many similarities

between the two groups were recognised, the absence of sexual

reproduction in the piroplasms was a major factor for their sep¬

aration. The committee on taxonomy of the Society of Protozoologists

(Honigberg et al., 1961+) decided that since there was no evidence

for a sexual phase or sporogony, the piroplasms were to be placed

in a new sub-phylum, Sarcomastigophora, super-class Sarcodina,

class Piroplasmea with a single order Piroplasmida. Levine (1971)

again revised the classification of piroplasms and by taking into

account findings of ultrastruetural studies of these organisms, he

placed them in the sub-phylum Apicomplexa (because of the common

presence of an apical complex in piroplasms and malarial and cocci-

dial parasites), class Piroplasmasida, containing a single order,

Piroplasmorida. Thus it was re-acknowledged that a close link

existed between piroplasms and malaria. Two classes were described

within the Apicomplexa, the Sporozoasida and the Piroplasmasida,

the difference being based on the presence and absence respectively

of a sexual cycle (Levine, 1973)-

The presence of a sexual cycle in Theileria was first proposed

by Gonder (1910> 1911) then by Cowdry and Bam (1932) for T. parva

in R. appendiculatus and later by Sergent et al. (1936) for T.

annulata in H. mauritanicum. Recent detailed studies on the early

stages of the developmental cycle of T. parva in R. append!culatus

(Schein et al., 1977) and T. annulata in H. anatolicum excavatum
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(Schein et al., 1975) provided circumstantial evidence for the

occurrence of sexual stages. Hence the separation of the piroplasms

from the main body of Sporozoa no longer seems justifiable.

Currently, the most widely accepted classification of Theileria

is based on the one proposed by Levine et al. (1980).

Sub-kingdom Protozoa

Phylum Apicomplexa
Class Sporozoea

Sub-class Piroplasmia

Order Piroplasmida

Family Theileriidae
Genus Theileria

2.5 Life Cycle

Within the life cycle of Theileria as it is currently known,

there are three defined stages: gametogony in the blood of the

vertebrate host (usually cattle) and the gut of the vector tick,

sporogony in the tick salivary glands, and schizogony in the bovine

lymphocytes. These stages are discussed in detail below.

2.5^1 Life cycle in the tick

The early work of Gonder (1910 > 1911) led to the postulation

that a sexual cycle occurred in the gut of R. appendiculatus nymphs

after they had completed engorgement on infected cattle. Cowdry

and Ham (1932) described the development of T. parva in R. appendi¬

culatus using histological techniques. However, Reichenow (19U0)

rejected much of their work and believed some of the forms des¬

cribed to be artefacts. He was unable to detect any parasite forms

until the ticks had moulted and started feeding again. Later,

Martin _et al. (I96I4.) were also unable to confirm the presence of
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sexual stages and on this basis they disputed the findings of

Cowdry and Ham (1932). Sergent et al. (1936) described the life

cycle of T. dispar (= T. annulata) in the two-host tick, H. mauri-

tanicum (= H. detritum; Schulze, 1919) and in the bovine host.

They also postulated that a sexual cycle occurred in the gut of

nymphal ticks after they had completed engorgement on infected

cattle. In retrospect, Cowdry and Ham (1932) and Sergent et al.

(1936) were working well ahead of their time, for their work lay

fallow until recently when their findings were corroborated by

the work of Schein et al. (1975j 1977).

(a) Development in the tick gut: Larvae or nymphs feeding on

an infected cow take piroplasm-infected erythrocytes into their

guts. The erythrocytes lyse releasing the piroplasms; many of

these may be digested, but a proportion of ring forms differentiate

into macro- and micro-gametes (Schein et al., 1977). These dimorphic

sexual forms can be detected in the gut of ticks one to 11| days

after feeding on the bovine host. These stages appear to undergo

syngamy to produce zygotes, which can be found approximately six

days after larval or nymphal repletion. The zygotes differentiate

into motile kinetes, around the time of the tick moult (Schein

et al., 1977j Schein and Friedhoff, 1978). Tbe kinetes migrate

through the gut wall into the haemocoel and make their way to the

salivary glands where they invade acinar cells, usually of type III

acini (Fawcett et al., 1982b). The kinetes then undergo different¬

iation to form sporonts, but further development is usually delayed

until the now-moulted tick begins to feed on a host again.
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(b) Development in the salivary glands: Sporogony occurs

after the tick has moulted. Using light microscopy, Purnell and

Joyner (1968) recognized three different developmental stages

during sporogony of T. parva, and called them "young", "intermed¬

iate" and "mature" forms. Schein and Friedhoff (1978) also re¬

ported that they observed primary, secondary and tertiary sporo-

blasts during sporogony of T. annulata. However, Fawcett et al.

(1982a) suggested that these recorded different forms simply

represented fragmentation of a coherent mass of parasite protoplasm

formed during the preparation of Giemsa-stained squashes of

salivary gland acini.

In the salivary glands, the sporonts undergo initial division

to form multinucleate masses, the sporoblasts. During their study

of sporogony in T. parva using electron microscopy, Fawcett et al.

(1982a) suggested that there is no formation of primary, secondary

or tertiary sporoblasts as previously reported. They reported

that the sporont remains quiescent until the now-moulted tick

begins to feed again. The sporont then undergoes rapid division,

developing into a multinucleate syncytium of increasing complexity

eventually giving rise to sporozoites which enter the salivary ducts

and are injected into the new host. Attachment and feeding on a

host animal for 3-9 days was thought to be necessary for maturation

of sporonts in tick salivary glands (Purnell et al., 1973)• However,

artificial stimulation of ticks by exposure to increased temperature

and CC>2 concentration or high humidity can also result in parasite
maturation without prior feeding (Samlsh, 1977; Young et al., 1979).
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2.5.2 Development in the bovine host

Infection of the "bovine host commences with the inoculation,

by the vector tick, of sporozoites in the saliva during the course

of feeding. The immediate fate of the sporozoites after their

injection into the skin of the cow is unknown. All attempts to

identify initial infective particles in the tissue proximal to the

tick feeding site, and to find the developmental stages during the

first four days of the incubation period have failed (Wilde et al.,

1966). Working with T. parva, Radley et al. (197U) proposed that

there might be a stage between the injection of sporozoites from

the ticks and the appearance of the uninuclear intralymphocytic

stage. However, recent in vitro studies have presented evidence

which precludes consideration of the preschizont stage in the life

cycle of Theileria (Fawcett et al., 1982c; Jura et al., 1983).

These authors observed that sporozoites attach to, and invade the

target lymphocytes within five minutes of incubation. Jura et al.

(1983) noted that T. annulata trophozoites had formed inside the

lymphocytes 30 minutes after sporozoite penetration while Stagg

et al. (1981) found that T. parva trophozoites formed one hour after

infection. The T. annulata trophozoites developed into schizonts

approximately 2l± hours after infection (jura et al., 1983) •

It appears that within minutes of their injection, sporozoites

become associated with host lymphoid cells in the local drainage

lymph nodes (Brown et al., 1978a). In susceptible cattle pronounced

lymphoblastosis develops in the local drainage lymph node adjacent

to the site of the tick bite, after approximately three days, but

the earliest the parasite can be detected is 5-8 days after infection
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(Barnett, 1977)• However, the parasite has been detected four

days after injection of susceptible cattle with Th annulata or

T. parva tick-derived stabilate (C.G.D. Brown, personal communi¬

cation). After this time, small numbers of macroschizonts, con¬

taining one or more nuclear particles, can be seen in the cytoplasm

of lymphoblastoid cells. The parasitised cells increase consider¬

ably both in number and in size and by days 9 to IJ4 after infection,

they appear in most lymphoid organs in the body. The mechanism by

which parasitised cells are spread is not clear, but it has been

suggested that there is migration of many infected and uninfected

large lymphoid cells through efferent lymphatics to the tracheal

lymph ducts from which they enter the blood (Be Martini and Moulton,

1973).

The mode of schizont multiplication was first elucidated by

Hulliger et al. (1961+) using an in vitro culture system. Bivision

of the parasite and the host cell was shown to be both synchronous

and interdependent, a parasitised cell thus dividing to produce

two infected daughter cells. These observations were later corro¬

borated by Zablotskii (1967)» Malmquist et al. (1970), Be Martini

and Moulton (1973) and Young et al. (1978). This seems to be the

only known and accepted mode of multiplication of macroschizonts

although Gonder (1910, 1911) and Cowdry and Banks (1933) hypothesised

that Theileria multiplied by schizogony in lymphocytes and produced

merozoites to infect other lymphocytes and erythrocytes. Brown et

al. (1978b) stated that some macroschizonts appeared to be able to

invade uninfected cells by a mechanism that has not yet been

elucidated.
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Prom 9-12 days after infection with a stabilate or 13—16 days

after tick attachment, some macroschizonts transform into micro-

schizonts. The trigger for this change is not known. Microschi-

zonts have a large number of small regularly shaped nuclei that

are thought to develop from macroschizonts nuclei by a process of

budding (Jarrett and Brocklesby, 1966). The host cell containing

a microschizont apparently ruptures and the merozoites thus re¬

leased enter erythrocytes and form piroplasms. Piroplasms multiply

intraerythrocytically to varying degrees and possibly differentiate

into gametocytes which are infective for ticks. Jarrett et al. (1969a)

and Radley et al. (197U) noted that the appearance of piroplasms

was time-dependent and not parasite-dose-dependent. Jarrett _et al.

(1969a) then hypothesised that Theileria undergoes a fixed number

of replications in lymphocytes before maturing into microschizonts

and piroplasms. Ingestion of infected erythrocytes by the vector

tick completes the life cycle.

2.6 Clinical Disease

Infection with either T. annulata or T. parva results in a

lymphoproliferative disease, manifested as swollen superficial

lymph nodes. Lymph node biopsy smears reveal macroschizonts one

or two days after the onset of swelling, fever follows a few days

later and usually persists until death or recovery (Barnett, 1977)•

T. parva causes higher morbidity and mortality rates in susceptible

cattle than T. annulata (Barnett, 1963)• "While the macroschizont

is the pathogenic stage in both infections (Barnett, 1977) piro¬

plasms are also thought to be pathogenic in T. annulata because of
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their multiplication in the erythrocytes (Neitz, 1957; Pipano, 1965;

Barnett, 1977). Anaemia is a regular feature in T. annulata infections

because of the extensive destruction of host erythrocytes. On the

other hand, in T. parva infections, panleucopaenia is a regular

feature because of the extensive destruction of lymphocytes and

cells of the reticuloendothelial system (Barnett, 1977).

2.7 Treatment

2.7.1 Historical background

A search for a drug to treat theileriosis, which began at

the turn of this century, still goes on. To date, there is still

no specific curative drug available for practical use to treat

clinical cases in the field. Success has been claimed for a number

of compounds, usually most frequently with T. annulata infections

in enzootic areas. This oould be attributed to a higher natural

recovery rate associated with the disease rather than the compounds

used (Earnett, 1968; Joyner and Brocklesby, 1973).

Since the middle of the 1950s, intensive studies have been

conducted into chemotherapy of theileriosis, and this work has in

turn been comprehensively reviewed by a number of workers. Chemo¬

therapy of ECP has been reviewed by Heitz (1957)» Hawking (1963* 1966),

Brocklesby and Bailey (1965), Wilde (1967)? Barnett (1968), Joyner

and Brocklesby (1973) and Purnell (1977). The chemotherapy of

T. annulata infections has been reviewed by Mack (1957)» Hawking

(1963» 1966), Barnett (1968) and Joyner and Brocklesby (1973).
More recently, Bolan (1981) has given an up-to-date review concerning

the search for effective anti-theilerial agents. Of the earlier

compounds tested, only the tetracyclines showed promise.
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2-7-2 Tetracyclines

Tetracyclines have been shown to suppress the production

of macroschizonts in cattle when administered during the incubation

period in tick-transmitted or stabilate-induced T. parva infections

(Neitz, 1953» 1957; Brocklesby and Bailey, 1965; Jarrett et al.,

1969b; Brown et al., 1977a) and T. annulata infections (Gill et al.,

1977b, 1978). However, there is no evidence that they are effective

in controlling parasite multiplication in a patent disease situation

(Neitz, 1957; Brocklesby and Bailey, 1962; Wilde, 1967). Neitz

(1957) stated that animals could be cured of EOF with either oxy-

tetracycline or chlortetracycline administered at the time of the

first febrile reaction, together with the 8- aminoquinaline, parva-

quine, which he had shown to be effective against T. parva piroplasms.

Such a treatment had no effect when started on the third day of

fever (Neitz, 1959)•

Recently, however, different formulations of tetracyclines

have been used successfully in the "infection and treatment" method

of immunization and this will be discussed in detail later.

2-7-3 In vitro screen for anti-theilerial compounds

The in vitro culture technique for Theileria macroschizonts

represents a convenient, relatively cheap and apparently reliable

method of screening compounds with potential anti-schizont activity

(McHardy, "1978a.; Dolan and McHardy, 1978).

Hawking (1958) published a list of drugs which he tested in

tissue culture against macroschizonts of T. annulata and found none

of the I4O compounds he used had any effect. Muhammed (l975a) examined

both the in vitro and the in vivo effects of acridine orange against
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T. parva. In vitro, it was effective against the macroschizont,

hut damaged the host cell as well. In vivo, no curative effect

was demonstrable. Actinomycin D has also been tested in culture

against T. parva (Moulton et al., 1971)• Concentrations which

partially inhibited host cell growth allowed the multiplication of

the schizonts. In vivo this compound did not show any therapeutic

effect (Mugera and Moulton, 1971)•

Anti-theilerial activity has recently been recorded for two

types of compounds: the quinones (McHardy et al., 1976) a-nd the

febrifugines (Schein and Yoigt, 1979)• Some of these putative

theilericides show greater activity both in vitro and in vivo than

any other previously described compound (Dolan, 1981).

2.7>b Quinones

McHardy et al. (1976) reported that the hyaroxynaphthoquinone,

menoctone, had a marked effect in eliminating T. parva schizonts

from cultured bovine lymphoblastoid cells. The compound had an

EC^q of 1.0 mg/l, but was virtually non-toxic to the host cell at
far higher concentrations (McHardy et al., 1980). The EC^ was
defined as the drug concentration required to reduce the proportion

of schizont-infected cells in the culture to 50% of that present

in the untreated controls during the L|.8-hour incubation. The com¬

pound was also found to be effective both prophylactically and

therapeutically in cattle artificially infected with T. parva

(Muguga) (McHardy et al., 1976; Dolan and McHardy, 1978). The

compound was administered prophylactically from day 0 to day 9 of

stabilate-induced infections. All the ten treated cattle recovered,

many showed neither parasites nor serological responses; and four
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were fully susceptible to homologous challenge, implying that

menoctone was active against sporozoites. In another study

(McBardy, 1979), ECF was induced in 11+ calves by inoculation of

a stabilate of ground-up infected ticks. On the first day that

schizonts were observed in lymph node smears and rectal tempera^

ture was 39«5°C (day TS), seven calves received menoctone at

5 mg/kg i.v., followed by 1 mg/kg i.v. daily for the next five

days. All the treated cattle recovered while six of the seven

untreated controls died. The recovered cattle were immune to

homologous challenge. McEardy (1978a) reported high levels of

activity of menoctone against T. parva and T. annulata in vitro.

The effect of the drug at 0.1 mg/l in eliminating schizonts during

the I|.8-hour incubation period was similar for both parasites.

However, there was no potentiation when menoctone was mixed with

various other anti-parasitic agents (McEardy, 1978a). McHardy

et al. (1980) tested menoctone for activity against stabilate-

induced T. parva infection in cattle. A single dose given intra¬

muscularly on day TS3 (i.e. the third day of temperature in excess

of 39.5°C and presence of schizonts in lymph node smears) cured

all the five treated cattle while only one of five untreated controls

survived. Menoctone, besides having anti-theilerial activity, also

has anti-malarial (Peters, 197^-) and anti-coccidial activities

(Bullock, 1968).

Menoctone was later dropped from clinical trials because of

the difficulty and expense involved in producing it, and was instead

replaced with its analogue, compound 993C (McHardy, 1979; McEardy

et al., 1980). Compound 993C was very highly active in vitro, with
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an EC^g of 0.005 mg/l (McHardy, 1979). The same author reported
that administration of 9930 intramuscularly either as a single

dose of 20 mg/kg on day TS5 or as two doses of 10 mg/kg on days

TSi). and TS6 of EOF cured all five cattle in each group while all

five untreated controls died. This was an indication that the

compound was also effective against a patent disease.

Incubation of T. parva-infected bovine cells with compound

9930 at a final concentration of 1 pg/ml in growth medium eliminated

90-97% of morphologically recognisable schizonts by day 1+ (Pinder

et al., 1981a). Recently, EOF was induced in two groups of 11; cattle,

followed by treatment with 9930 at 20 mg/kg intramuscularly on day

TS2 (Dolan, 1981). In both groups, treatment caused a reduction of

fever, degeneration of schizonts within 2i+ to I48 hours and an in¬

crease in numbers of white blood cells. However, there was recru¬

descence of parasitosis and two treated cattle in each group died

of EOF. All the control animals died of EOF. In another study

(Dolan, 1981), seven of the ten cattle in each of five groups were

treated on day TS3 and TS5 at 10 mg/kg with 993C. The response to

treatment was as before; and the recovery rates by day 35 were 27

out of 35 for treated groups while Ik out of 15 untreated controls

died of EOF. The use of compound 993C at either 20 mg/kg once or

10 mg/kg twice prevented resurgence of parasitosis (Morgan and

McHardy, 1982). The absence of resurgence of parasitosis was pre¬

sumably an indication that an effective immune response had developed.

Gill et al. (1981) have studied the effect of 993C both

prophylactically and therapeutically against T. annulata: four

calves treated on day 0 of infection with 20 mg/kg recovered and
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were immune. Another four calves also recovered when treated with

20 mg/kg on days TS3 and TS6, but one of four calves died when

treated with 10 mg/kg on days TS3 and TS6.

The mode of action of the compound, although not understood,

is thought to involve inhibition of oxygen transport (Dolan, 1981).

2.7-5 Qninazolinones

Derivatives of the active principle, febrifugine, have

been synthesised and a halogen alkali, halofuginone hydrobromide

(Stenoral, Roussel-Uclaf) has been used as a coccidiostat (Yvore

et al., 197U; Ryley and Wilson, 1975; Bedrnik, et al., 1979).

Halofuginone has also been used for the treatment of leucocytozoo-

nosis (Manuel et al., 1977) and has shown anti-malarial and anti¬

pyretic activities (Schein and Voigt, 1979). Schein and Voigt

(1979) identified its anti-theilerial activity. Originally, the

hydrobromide was used, but this was later replaced by the more

wateivsoluble lactate salt which was better tolerated in cattle.

It is administered as a single dose at 1.2 mg/kg (1 mg/kg active

principle) and at this level its activity against T. parva and

T. annulata is similar to that of 993C at 20 mg/kg (McHardy and

Morgan, 1981; Morgan and McHardy, 1982). The in vitro EC^q of
both compounds was 0.003 mg/l, but whereas the dose response curve

of 993C was sigmoid, that of halofuginone was bell-shaped (Morgan

and McHardy, 1982). This may indicate toxicity to the host cells

with higher concentration of halofuginone. The drug is highly

irritant and can only be administered orally as no parenteral

formulation has been produced.



Schein and Voigt (1979) treated experimental infections of

T. parva and T. annulata in two groups of six calves, on or later

than day TS, with halofuginone hydrobromide at 1-2 mg/kg either as

a single treatment or in divided doses. The four treated calves

in each of the two infection groups survived, while the two un¬

treated controls in each group died. Treatment reduced fever with¬

in 12 hours, caused degeneration of schizonts within 21+ hours and

no schizonts could be detected by lymph node biopsy after 1+8 hours.

Uilenberg et al. (1980) showed that halofuginone was active in

vitro against T. parva schizonts at concentrations of 0.01 and

0.02 ppm. They also showed that in vivo a single oral administration

of 1 to 2 mg/kg cured clinical disease, but 2 mg/kg caused tempor¬

ary diarrhoea in the treated cattle. The LD^q of halofuginone in
mice was approximately 1+ mg/kg. Uilenberg (1980) reported toxic

effects in calves treated with 3 mg/kg emphasising the drug's narrow

therapeutic index. Morgan and McHardy (1982) treated two groups

of cattle, artificially infected with T. parva, with halofuginone

at 1-2 mg/kg. One group was treated on day TS3 and the other on

day TS6. All five cattle treated on day TS3 were cured, but signi¬

ficant recrudescences of infection occurred. Five out of six cattle

treated on day TS6 were also cured, but four of the five survivors

developed moderate to severe resurgences of infection. All the five

controls died of ECF. It seems that halofuginone is more effective

when given early on during the clinical disease. Better still, a

second dose given just before resurgence of infection would be

beneficial, although this might cause toxicity, especially in debili¬

tated animals. The mode of action of halofuginone has not yet been
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fully explained. However, Mehlhozn et_ al_. (1981) have suggested

that the drug primarily destroys the parasitized host cells, re¬

leasing the schizonts which are then destroyed upon becoming

extracellular.

2.7.6 Present position

The compound 993C - parvaquone (Glexon, Wellcome) - is about

to be released on the market in Kenya for the treatment of ECF.

With this drug, together with halofuginone lactate, release of which

might be anticipated shortly, the approach to the control of the

pathogenic bovine theilerioses has been transformed. Treatment of

clinical disease is now practicable with a reasonable prognosis

should the diagnosis be made early enough. However, the expense

involved in the purchase of these drugs, together with the require¬

ment that an accurate, early diagnosis has to be made before treat¬

ment can be instituted, may make the control of these diseases by

immunization an attractive alternative.

2.8 Immunity to Theileriosis

2.8.1 Natural immunity

Animals recovered from infection with one strain of a

theilerial parasite are solidly immune against challenge with the

homologous strain, but may not be completely protected against

another strain (Barnett, 1968; Cunningham et al., 197^8), especially

if the second strain is more virulent than the first (Barnett, 1968).
In general, immunity to theilerial parasites is relatively stable

when compared with that of other protozoal infections, but it wanes

slowly in the absence of reinfection (Barnett, 1963). Neitz (1957)
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stated that cattle which recovered from T. parva infection were

resistant to reinfection for at least five years, while Burridge

et al. (1972) demonstrated that in the absence of reinfection the

duration of immunity as assessed by homologous challenge was at

least I4.3 months. The duration of immunity following the first

infection with T. annulata is less than that of T. parva. Sergent

et al. (19U5) reported that 10.5% of animals became completely

susceptible within 17 months of the first infection. However,

Sturman (1959) believed that the period of effective protection

to subsequent field exposure was two to three years. The degree

of immunity to challenge is not influenced by the degree of response

to the first infection or vaccination (Sergent et al., 19-U-5; Barnett,

1963). This implies that avirulent material could be used for

immunization.

Recovery from T. annulata infection leads to a state of pre-

munition in that low numbers of intraerythrocytic piroplasms remain

detectable in the blood for several years (Pipano, 197^-) and possibly

for the rest of the animal's life (Sergent et al., 19^4-5) • It is

not known with certainty whether schizonts are also present in the

animal's body during the premunition phase.

Premunity or co-infection (non-sterile) immunity is a specific

immune response which results in clinical recovery and resistance

to specific challenge, but is associated with persistence of the

parasite at a relatively low density (Sergent, 19^3; Soltys, 1973;

Cohen, 1976). However, immunity in theileriosis, from the practical

point of view, means immunity against the pathogenic stage of the

parasite, i.e. the schizont, and not against the piroplasms. In the
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absence of unequivocal evidence demonstrating the persistence of

schizonts during the premonition period, it can be said that the

word "premonition" in this case is a misnomer as resistance to

reinfection is not associated with the presence of piroplasms.

The only significance of premunity in this case is that symptomless

carriers are infective for ticks and therefore serve as reservoirs

for the disease. In some areas, up to 60% of cattle may be

carriers of T. annulata infections (Pipano, 1977). Moreover,

premunity can be broken down under the stress of concurrent disease,

splenectomy or vaccination (Pipano, 197U» 1977).

In sterile immunity, no stage of the parasite is detectable.

Previously it was thought that recovery from T. parva infection led

to sterile immunity (Du Toit, 1928; Neitz, 1957; Wilde, 19^7)- It

was demonstrated that splenectomy did not provoke a relapse (Du

Toit, 1928; Barnett and Bailey, 1958) and that a recovered animal

was no longer infective for ticks (Barnett and Bailey, 1958). How¬

ever, recent work has confirmed an earlier suggestion that animals

recovered from T. parva infections can sometimes act as carriers

(Young _et al., 1981). Since such a situation is probably rare, it

is unlikely that premunity is of any significance in T. parva in¬

fections.

There is no cross protection between the different species

(Neitz, 1957; Barnett, 1977). However, there is one notable

exception: recovery from T. lawrencei infection leaves an animal

completely immune to T. parva infection, but the reverse is not

true (Radley et al., 1975^3). Although the existence of a diversity

of strains within species has been recognised, only a few of these
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have been shown to cross protect one another (Sergent et al., 19U5;

Radley et al., 1975"b; Radley, 1978).

2.8.2 Age resistance

The acute form of theileriosis is commonly seen in suscept¬

ible adults and it is widely believed that calves are more resistant

to the disease, and that susceptibility increases with age. Pre¬

sumably the apparently greater resistance of calves is due to actively

acquired immune mechanisms and genetic factors (Barnett, 1963)• In

enzootic areas young calves contract the disease, usually without

suffering high mortality and this together with constant exposure

renders them immune through to their adult life. Hence adults born

and bred in enzootic areas have a relatively low mortality compared

with stock introduced from areas free of the disease (Sergent et al.,

19kSj Barnett, 19^3)- Moreover, calves taken from disease-free

zones and either introduced into enzootic areas or infected experi¬

mentally have been found to be highly susceptible (El Poungi and

Sornicle, 1962; Barnett, 1963). This lends support to the suggestion

that cattle indigenous to enzootic areas have a considerable inher¬

ent resistance particularly as calves.

High titres of specific antibodies have been demonstrated in

the colostrum of cows infected with T. annulata (Cohen, 1972) and

T. parva (Burridge and Kimber, 1973b) and in sera of their offspring.

However, it is unlikely that protective immunity is transferred

from the dam to the offspring since calves in enzootic areas were

found to be resistant at an age when maternal antibodies had waned

(Barnett, 1977).
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2.8.3 Tmmune mechanisms

The nature and mechanism of immunity to the Theileria para¬

sites is not yet fully understood. High levels of antibodies are

produced in cattle following infection (Schindler and Wokatsch, 1965).

In most cases peak titres are reached shortly after clinical re¬

covery. In the absence of reinfection, antibody levels decline,

but positive serological reactions are still detectable several

months after recovery (Pipano and Cahana, 1969; Burridge andKimber,

1973a). Such antibodies are neither protective (Sergent et al.,

19U5; Mohammed et_ al., 1975) nor have they shown any therapeutic

effect when transferred to susceptible cattle (Barnett and Bailey,

1958; Wilde, 1967). Moreover, immunization of cattle with purified

antigens of T. parva (Wagner et al., 1971+) or inactivated schizonts

of T. annulata (Pipano et al., 1977) elicited the production of

specific antibody, but these animals were not protected against a

subsequent lethal infection. However, some authors (Agaer, 1958;

Robson et al., 1961) have claimed that administration of immune serum

or gamma globulins to clinical cases of _T. annulata or Ik parva

resulted in higher than normal recovery rates. As these authors'

experiments were not strictly controlled, their results must be

interpreted with caution. Recently, Gray and Brown (1981) demon¬

strated that antibodies had a neutralizing effect on sporozoites

of T. annulata in vitro. Musoke et al. (1982) have also shown

that T. parva sporozoites could be neutralized in vivo by antibodies.

These latest findings call for the reassessment of the role anti¬

bodies play in immunity to theileriosis before a firm conclusion

can be reached.
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Although antibodies detected in serum of recovered or immunized

cattle appear to have no protective capacity (Wagner et al., 197^-j

Pipano, 197U» Pipano et al., 1977)> serological tests remain useful

tools for assessing the response to immunization (Pipano et al.,

1969), in serodiagnosis (Pipano and Cahana, 19&9) and in species

differentiation (Schindler and Wokatsch, 19^5)•

Hulliger et al. (19&5) Wilde (1967) suggested that the

protective immunity evoked in theileriosis is cellular as in other

protozoal diseases. Other studies reported the inhibition, by

purified antigens of T. parva, of the migration of leucocytes from

cattle immune to the parasite (Muhammed et al., 197^-)• Cunningham

(1977) contended that the longevity of immunity, together with the

inability to correlate protection with the levels of antibody to

the macroschizont of T. parva, suggested the operation of cell-

mediated immune responses. Pearson et al. (19798) showed that when

Theileria-transformed cells were cultured with peripheral blood leu¬

cocytes (PBL) from an autologous immune donor, cytotoxicity developed.

This cytotoxicity was stronger with autologous Theileria-transformed

target cells than when allogeneic infected cells were used as

targets. These results suggested that Theileria-transformed cells

express antigens which are recognised by effector cells thus provid¬

ing evidence that cell-mediated cytotoxic mechanisms function in

immunity to ECP. More recently, Pearson et al. (1982) reported that

autologous and allogeneic Theileria-transformed cell lines induced

cytotoxic cells in vitro but only when responder cell populations

were from Theileria-immune animals. Cytotoxicity was always strong¬

est when the target cells were autologous with the effector
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population, even when allogeneic stimulators were used. These

authors suggested that generation of cytotoxicity in vitro could

thus be used as a test for bovine immunity to ECF. However,

their observation that both genetically restricted and non-restricted

cytotoxicity were generated when responder lymphocytes were from

Theileria-immune cattle was at variance with observations in other

animal species (Zinkerjjagel, 1979). Other studies by Eugui and

Emeiy (1981), Emery et al. (1981a) and Allison and Eugui (1981) have

demonstrated that cytotoxic cells are found in cattle immune to

T. parva and that cytotoxicity is apparently restricted to auto¬

logous targets. Emery et al. (1981b) have also reported that when

cattle are inoculated with allogeneic inacroschizont-infected cells,

only the animals developing cytotoxicity against autologous infected

cells are immune to challenge with sporozoites. Other studies by

Emery (1981 ) have shown that immunity to T. parva can be trans-
10

ferred adoptively between twins with 5 to 9 x 10 thoracic duct

lymphocytes from the immunized partner. In all the cases examined,

it is apparent that immunity to challenge with the homologous strain

of the parasite is well correlated with the presence of specific

cytotoxic cells in the host animals. However, it must be pointed

out that the report of genetic restriction governing the cytotoxic

response was based on circumstantial evidence as both the effector

and responder cells were not typed for their bovine lymphocyte

antigens (BOLA), which form the major bovine histocompatibility

system (Spooner and Brown, 1980).

There are only two reports of work done to evaluate cellular

immune responses in tropical theileriosis: one examined the
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migration inhibition of peripheral blood leucocytes collected from

T. annulata carrier cattle in the presence of piroplasm antigens

(Singh et al., 1977) > and. "the other investigated the production of

genetically restricted cytotoxic cells during T. annulata infection

of cattle (Preston, Brown and Spooner, 1983)*

2.9 Immunization against East Coast fever and Tropical Theileriosis

2.9.1 Introduction

Methods of immunization against theileriosis have been

investigated over the years. Excellent reviews on T. parva and

related species (Neitz, 1957; Wilde, 1967; Barnett, 1968; 1977;

Cunningham, 1977; Purnell, 1977; Radley, 1981) and T. annulata

(Sergent et al., 19^5; Neitz, 1957; Barnett, 1968; 1977; Pipano,

197-U; 1977; 1981) have been presented. Barnett (1963) assessed the

immunological relationship of Theileria parasites and discussed

methods available before cell culture vaccines were properly devel¬

oped. Purnell (1980) evaluated the possible approaches to immuniz¬

ing against piroplasms, paying particular attention to methods used

against theileriosis and babesiosis.

To date two methods of immunization against theileriosis have

been employed: the use of macroschizont infected cells taken directly

from an infected animal (Sergent et al., 19^-5; Pirie et al., 1970)

or grown in vitro (Pipano and Tsur, 1966; Brown et al., 1971; 1978b),

and the "infection and treatment" or chemoprophylaxis technique

(Radley et al., 1975a5b,c; Gill et_ al., 1977a-; 1978). However, only

the former method has been used in the field, the latter is still

at the development stage and has only been used experimentally

(Radley, 1981).
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2.9.2 Vaccination against tropical theileriosis using blood and

organ suspensions

The initial attempt to prepare a suitable blood vaccine

for use against T. annulata aimed at attenuating the parasite

(Sergent et al., 192i+; 1927b,c). These workers found that serial

passage in susceptible animals did not attenuate the parasite, and

addition of chemicals such as carbolic acid or formalin to the

blood either did not affect the virulence or killed the parasite.

Calves injected with formalinized blood derived from reacting ani¬

mals were not immunized.

Later systematic studies carried out in Algeria revealed the

existence of relatively mild strains of this parasite (Sergent _et

al., 1932). They isolated a mild strain, the "Kouba" strain which

caused a y/o mortality in inoculated calves. This strain was then

maintained in the laboratory by serial passage in cattle. Each

passage involved inoculating 20-25 nil of blood from an infected

animal to a susceptible one every 17 days after infection. After

18 passages, the schizonts failed to produce piroplasms, but were

still infective for other cattle. Recipients of the resulting

vaccine would therefore not become infective for ticks (Sergent _et

al., ibid). The parasite was not attenuated during the passage.

In all, the "Kouba" strain was maintained through 223 passages in

11-g- years. During this time this strain and others of low virul¬

ence were used extensively to immunize cattle, particularly young

stock in North Africa and Israel. The vaccine consisted of 5-10 ml

of citrated blood collected from acutely reacting animals injected

subcutaneously into recipients within 72 hours of its collection.
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Using this method, Miegeville (1933) immunized 23 exotic cattle;

nine developed typical reactions and two died. In Israel, Adler

and Ellenbogen (I93i+) inoculated 55 exotic or cross-bred calves,

from six weeks to Si months old, with 0.5 to 80 ml of blood from

reacting animals. All the calves became infected and the mortality

was 9«1%jas opposed to 35% in naturally infected adults. Adler

and Ellenbogen (1936) reported that the Algerian vaccine strain,

"Kouba" gave satisfactory immunization against the virulent Palest¬

inian strains of T. annulata.

Sergent et al. (19bS) reported that by 19^-2 they had vaccinated

36,631 head of cattle against T. annulata in Algeria, Tunisia and

Morocco. In their vaccination trials, they found that the use of

a small amount of blood as an inoculum gave variable and inconclusive

results. They also failed in their attempt to attenuate the para¬

site by adding convalescent serum.

Delpy ( 19k9 ) reported that 16 unvaccinated grade bulls had

been brought into Iran in 1935* They all became infected with

T. annulata and 12 of them died within a month of their arrival.

In 1939, i+8 cows were imported from Prance after immunizing them

with a mild Algerian strain, and on exposure to tick challenge in

Iran, four of them (8.3%) died of tropical theileriosis. Tsur

(19U9) stated that in Israel, mortality due to the Palestinian

strain of T. annulata was 6-1 i|% in 2-6 month old calves and 30-^-0%

in adults. Immunization of 5^4-7 calves first with the mild Algerian

strain then with the Palestinian strain led to a mortality rate of

1.8% from the first inoculation and 3-3% from the double vaccination.

Following these trials, 6000-8000 calves were immunized annually
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using a relatively mild Algerian strain and the overall mortality

rate was lower than the mortality rate in unvaccinated stock (Adler,

1952).

The Algerian strains protected cattle against the Israeli

and Iranian strains of T. annulata. However, the Iranian strain

which would be expected to be closely related immunologically to

that of Israel, was found in fact to be somewhat more closely

related antigenically to the Algerian strain (Sergent et al., 19^5).

In contrast to reports by Sergent et al. (192I4., 1927a,b),

Rafyi et al. (1965) claimed that they had attenuated T. annulata

strains by serial passage in a breed of cattle that was relatively

resistant to theileriosis. However, Hooshmand-Rad (1973) stated

that he repeated this work and obtained results which showed that

these strains were not attenuated by serial passage in susceptible

calves. Later, Mirzaberkov et al. (19^9) claimed that they could

attenuate the virulence of T. annulata strains by the addition of

acridine, sodium sulphantrol and "Berenil" (l^'-diamidine diazoa-

minobenzene diaceturate) to infected spleen homogenized and sus¬

pended in saline. The suspension was administered subcutaneously

at a dose rate of 10 ml/100 kg of body weight. The animals inocul¬

ated did not show any reactions and most of them were protected

against subsequent tick challenge or infection with blood. However,

the validity of this method must be questioned since it was not

adopted for practical use. Kamalov (197^4-) claimed that exposure

of infective blood to 5000R of gamma rays attenuated T. annulata

without affecting its immunogenicity; 100 ml of the irradiated

blood injected subcutaneously at two sites were capable of immunizing

cattle. Immunity lasted for five months.
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In Iran, Rafyi et al. (1967) inoculated subcutaneously 6-12

month old Holstein cattle and the local, susceptible breed, the

Sarabi, with 100 ml of citrated blood from reacting animals in¬

fected with four strains of T. annulata, varying in virulence.

Cattle were protected against homologous challenge with blood for

351+ days. The less virulent strain only partially protected

cattle against reinfection with a heterologous virulent strain.

Tsur (1965) a-ncl Pipano et al. (1969) stated that in Israel

they were using two inoculations to immunize calves against T.

annulata. The first inoculation was of a mild strain. A small

proportion of animals, however, exhibited severe reactions with

a 1-2% mortality in some herds. Some two months after the first

inoculation, calves were given a second inoculation of a fully

virulent strain, and pronounced febrile reactions were taken to

indicate a response to immunization. Pipano et al. (197U) inocul¬

ated 1-3 month old Israel-Friesian calves with three local strains

of T. annulata that had been isolated from field cases and a fourth

that had been maintained in the laboratory. Results of their study

showed that inoculation with a strain of low virulence conferred

only partial protection against challenge with a highly virulent

strain, and the laboratory-maintained strain retained its virulence,

causing the death of 36 out of 91 (39-6%) inoculated calves.

Sergent et al. (19^5) noted that once an animal has been

vaccinated, its immunity should be maintained by repeated infections.

They suggested that animals should be vaccinated in early spring,

before the season of abundant ticks in order to provide protection

against the field tick challenge. They also advocated annual



i+1.

vaccinations for cattle kept in "barns all the year round. Tsur

et al. (196I4-) reported an outbreak of theileriosis causing mortality

in vaccinated herds; mortalities were higher in animals which had

been vaccinated three to four years previously. This was an indi¬

cation that immunity had waned since the previous vaccination.

For this reason, they also suggested that vaccination should be

repeated every year.

It is already noteworthy that the blood vaccine decreased the

incidence of clinical tropical theileriosis and the mortality due

to this disease. However, the method had some disadvantages. The

inoculum, although generally of low virulence, killed some of the

recipients. Since the strain used for immunization was not anti-

genically identical to the local strains, (Adler and ELlenbogen,

1935; Tsur, 192+9), the animals were reinoculated with a local strain

to reinforce immunity, and this often caused some deaths. More¬

over, the immunizing strain had to be kept by serial passage from

animal to animal. Any intercurrent disease meant the risk of losing

the vaccine strain. There was also the risk of transmitting other

pathogens with the vaccine prepared from blood of an animal with

intercurrent infections. Some of the problems associated with

the use of infected blood for immunization were avoided by using

vaccines produced in cell culture.

2.9.3 Development of cell culture techniques for Theileria

The historical development of cell culture techniques for

initiation and propagation of Theileria in vitro has been compre¬

hensively reviewed (Brown, 1979; 1980; 1981). The first successful

growth of Theileria in culture was achieved by Tsur (19^5) who
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reported multiplication, for two months, of macroschizonts of

T. annulata in spleen explants in plasma clot cultures. Later,

further success was recorded by Tsur (19^7) and Tsur and Adler

(1962, 1965) who described the cultivation of the Tova strain of

T. annulata in monolayer cultures established from spleen, lymph

node or peripheral blood leucocytes of infected calves.

Elsewhere, attempts to grow the Tova strain of T. annulata

were also successful (Brocklesby and Hawking, 1958; Hulliger, 1965)-

In her culture system, Hulliger (ibid.) used the fibroblastic cell

line BHK21 which she believed acted as a feeder layer. Some of

the infected cells in her cultures grew as monolayers and others in

static suspension as small clumps. Observations made in these

studies enabled her to elucidate the mode of macroschisont multi¬

plication as it is known to date.

Initial attempts to grow T. parva using techniques that had

been used to propagate T. annulata were not successful (Tsur et

al., 1957; Brocklesby and Hawking, 1958). Hulliger and co-workers

believed that they had successfully cultivated T. parva and T.

lawrencei as well as T. annulata, using a modified technique that

incorporated the use of a feeder layer (Hulliger, 19^5)• However,

in vivo infections and cross-immunity studies done using these

cultures produced reactions which did not confirm that T. parva

and T. lawrencei had been successfully cultivated as well as T.

annulata (Wilde, 1967)- Malmquist et al. (1970) were able to grow

T. parva in continuous cultures using spleen cells from calves

infected with ECE. They used new techniques which included the use

of Eagle's minimum essential medium supplemented with 20% foetal
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bovine serum (EBS); some of the spleen cells acted as an autologous

feeder layer. The secret of their success perhaps lay in their new

technical approach. The cell line derived from these studies was

designated C2 and was confirmed to be T. parva both antigenically

and by xenodiagnosis involving transmission through the vector

tick, R. appendiculatus (Brown et al., 1971)* I?*16 behaviour of C2

cell line was studied by Malmquist at al. (1970) and Moulton et al.

(1971) and was found to be similar to T. annulata cultures. In

such cultures, the parasite is grown as an intralymphocytic macro-

schizont, infecting 90-100% of the lymphoid cells. Occasionally

microschizonts may be seen in cultures, or may regularly be seen

following culture manipulations by methods described by Hulliger

et al. (1966) and Danskin and Wilde (1976). Micromerozoites are

then released on rupture of host cells which cease to divide.

Different strains of T. annulata have been cultured in different

places, viz: by Hooshmand-Rad and Hashemi-Resharki (1968) in Iran,

van den Ende and Edlinger (1971) in Tunisia, Hooshmand-Rad (1975)

in Iraq, Gill et al. (1976a) in India and Zablotskii (1977) in

Russia. Parasitized cells in such cultures have tended to grow,

without feeder layers, more as suspension cultures than as mono¬

layers. But for successful isolation of T. parva cell lines, the

use of feeder layers was found to be necessary. Thus Malmquist

and Brown (197U) demonstrated that slow growing cells such as

bovine embryo spleen cultures used as feeder layers were necessary

for successful isolation and establishment of Theileria-infected

cell lines and for their subsequent plating efficiency.
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It is perhaps important to note that other Theileria spp.

and related organisms have successfully been cultivated in vitro.

Hooshmand-Rad and Hawa (1975) have described a method for culti¬

vation of T. hirci, a pathogenic parasite for sheep and goats,

especially in the Middle East. The established cell line behaved

similarly to bovine lines infected with T. annulata. Cultures

have also been initiated using materials isolated from wild

ruminants (Stagg _et al., 197^4-» 1976) and the organisms behaved

like T. parva once established as suspension cultures in vitro.

An alternative technique has been developed for establishing

cultures of Theileria. Cultures are set up by infecting clean

lymphocytes in vitro with sporozoites harvested from infected ticks

(Brown et al., 1973j Brown, 1979)• This technique is particularly

useful in that it provides an in vitro system for titrating freshly

ground tick material or cryopreserved stabilates of infective

tick material. It also provides a model for the evaluation of both

humoral and cellular immune mechanisms within an autologous system

as will be discussed later.

Schizont-infected cells grown in vitro have several other

applications, one of which is the production of a vaccine against

tropical theileriosis.

Use of cell culture vaccine against T. annulata infection

Some of the problems associated with the use of infected

blood for immunization were overcome by the use of attenuated

schizonts grown in cell cultures as monolayers or in suspension,

as a vaccine (Pipano, 1977)* This method was first used in Israel

(Pipano and Tsur, 1966) but was later adopted in other countries
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in enzootic areas (Pipano, 1977; Brown, 1981). It was first

reported by Tsur et al. (196U) that cattle inoculated with schi-

zonts grown in cell culture for several months exhibited a mild

clinical reaction with only rare schizonts in the lymph nodes and

liver. Later, Pipano and Tsur (1966) demonstrated that complete

attenuation of cultured schizonts could be achieved so that suscept¬

ible cattle inoculated with completely avirulent schizonts did

not show clinical signs, piroplasms or schizonts in lymph node or

liver biopsy smears. These workers achieved attenuation of the

strain of the parasite they used after seven months of continuous

culture, so that there was no mortality in cattle inoculated with

such material. Moreover, all the inoculated animals resisted chall¬

enge, using blood from cattle undergoing an acute reaction with a

virulent strain of T. annulata. while a mortality of 31% was recorded

in the non-vaccinated susceptible controls. However, they failed

to mention whether the challenge strain was homologous or heterolo¬

gous. They also did not test whether immunity engendered by

immunization with cell cultures protected against challenge with

infected ticks or infected tick-derived material.

The mechanisms by which the parasite becomes attenuated by

prolonged in vitro cultivation have not been elucidated. According

to Pipano (1977) the initial experiments were carried out with

the virulent Tova strain which had been maintained by needle passage

in calves since its original isolation. When the culture experi¬

ments were initiated, this strain had already been passaged more

than 200 times in calves, and for years no piroplasms had been

detected in inoculated calves. Hence no firm conclusions could be
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drawn at this stage about the ability or inability of cultured

schizonts to produce piroplasms. In any case loss of ability to

produce piroplasms does not necessarily mean loss of virulence

(Sergent et al., 19^5)- On the other hand, it seems that schizonts

of T. annulata grown in culture lose the capacity to produce piro¬

plasms in parallel with loss of virulence (Pipano and Israel, 1971)•

These authors also showed that calves inoculated with 2 x 10

schizont-infected cells from the 50"tii through 120th passage of a

field-isolated strain of T. annulata showed no clinical signs or

schizonts or piroplasms in biopsy smears.

Pipano (1977) has stated that different isolates of T. annulata

require different periods of growth in culture before reaching

complete attenuation. The degree of attenuation is assessed by

periodic inoculations of cultured schizonts into susceptible cattle.

It appears that the number of passages is not as important as the

length of time that the parasites are grown in culture. A period

of 130 days to 2 years was required for the attenuation of four

different field stocks. In two instances, a quite different period

was needed when a new culture from the same stock was initiated and

schizonts were grown under apparently identical conditions. There

has been no evidence so far of reversal to a more virulent form

during tissue culture of any stock.

Other workers outside Israel have also adopted the use of the

tissue culture vaccine. In the U.S.S.R., Zablotskii (19^7? 1977)

immunized calves using attenuated schizonts of T. annulata. The

inoculated calves usually showed a transient hyperthermia and low

parasitaemia. Vaccinated animals were protected against challenge



1+7.

with virulent schizonts or lethal tick challenge. In Iran,

Hashemi-Pesharki (1973) demonstrated that calves vaccinated with

an attenuated culture vaccine developed sufficient immunity to

resist challenge with unattenuated schizonts of a virulent, hetero¬

logous strain. Gill et al. (1976a) in India immunized 15 calves

with 1 x 10 schizont-infected cells of the 15th passage. When

they were challenged 35 days later with a homologous strain of

T. annulata, by infestation with ten infective ticks, they all

survived while six of the eight controls died. In Turkey, TJzkoc

and Pipano (1981) inoculated 12 susceptible calves with schizonts

obtained after 250 passages in culture of T. annulata (Ankara).

These calves, together with 12 controls, were challenged with a

stabilate from H. excavatum ticks infected with an Israel strain

of T. annulata. Eleven of the vaccinated calves survived the chall¬

enge while only one of the controls survived.

Pipano (1969) showed that calves inoculated with killed schi¬

zonts developed high antibody titres, using the indirect fluores¬

cent antibody test (IPAT). This suggested the possibility that

protective immunity might also develop as a result of such inocul¬

ations. Later, Pipano _et al. (1977) inoculated calves with fractions

of disrupted, schizont-infected cells with and without Preund's

adjuvant. The parasites used were virulent strains of T. annulata.

The calves® degree of immunity was ascertained by homologous chall¬

enge with infected blood or infected ticks. Serum antibody levels

were determined by immunofluorescence. The results showed that

animals inoculated with dead vaccine plus the adjuvant resisted

challenge with virulent homologous schizonts, but were fully
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susceptible to tick challenge. Calves inoculated with dead vaccine

without the adjuvant succumbed to both types of challenge. There

was no correlation between antibody titres and the degree of pro¬

tection. These results suggested that, in some animals, inocul¬

ation with dead vaccine plus adjuvant somehow blocked the develop¬

ment of immunity on subsequent inoculation with live schizonts.

Generally immunization with live schizonts does not give full

protection against tick induced infection but it does prevent

severe clinical symptoms and death (Pipano, 1977)• Even with

repeated inoculations, there is no increase in immunity to tick-

initiated infections, so immunization with schizonts is normally

reinforced by subsequent exposure to natural infection through

ticks (Pipano, 1977» 1981)• In areas where there is only a low

probability of tick challenge during the first year of life, rein¬

forcement of immunity induced by attenuated schizonts should be

carried out using sporozoites (Pipano, ibid.). Cattle immunized

with erythrocytic forms are not protected against infections with

schizonts or tick-derived sporozoites.

The duration of immunity following immunization with atten¬

uated schizonts has not yet been fully evaluated. Hooshmand-Rad

(1973) showed that immunization with a tissue culture vaccine

protected cattle against a lethal challenge for 12 months.

2.9.5 Immunization using irradiated material

Bararmikov (1970), and Abramov and Zablotskii (1972)

reported partial attenuation of sporozoites of T. annulata within

H. anatolicum ticks after X-ray radiation between 2.1| and 75 KR«

Cattle inoculated with such material developed mild reactions and
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were later shown to be immune. Irradiation of T. annulata schizonts

60
with 5 or 10KR using Co resulted in milder reactions in calves

inoculated with such material, and the calves resisted subsequent

tick challenge with the homologous virulent strain (Srivastava
60

and Sharma, 1977a). Moreover, Co irradiation of suspensions

from infected ticks with 5 and 10 KR (Srivastava and Sharma, 1977b),

5 to 9 KR (Singh et al., 1979) and 15 KR (Samantary et al., 1980)

resulted in mild reactions in the inoculated cattle. These cattle

were shown to be immune to subsequent homologous challenge with

virulent sporozoites. Since no mention is made of infection rates

of the ticks used for the challenge, it is possible that the calves

could have been challenged with sub-lethal doses.

The present concensus is that reduction of clinical reaction

after infection with irradiated parasites is attributable to a

reduction in the number of living organisms in the inoculum

(Cunningham et al., 1973b; Cunningham, 1977). No evidence has been

presented showing that irradiation reduces the virulence of the

parasite.

2.9.6 Chemoprophylaxis using T. annulata sporozoites and tetra¬

cyclines

Immunization with tick stages of Theileria was originally

developed for T. parva infection and this work has recently been

reviewed by Cunningham (1977) and Purnell (1977). Less work along

this line has been done with Th annulata, but results so far show

that the method is equally applicable to this species.
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Oxytetracycline was shown experimentally to be ineffective in

curing established cases of mechanically-induced T. annulata

infection although it suppressed infection when given during the

incubation period (Hashemi-Fesharki and Shad-Del, 197U)• Tick-

induced infections in calves were treated orally with chlortetra-

cyclines, daily at 16 mg/kg body weight beginning 2k hoars after

tick attachment for 1+, 8 or 16 days (Gill et al., 1976b). The

16 day medicament provided the best protection against tick chall¬

enge. Gill _et al. (1977a) reported that they had successfully

immunized calves by infecting them with 1-tick-equivalent of

stabilate followed by administration of chlortetracycline orally at

16 mg/kg for eight days starting from the day of infection. Chemo-

prophylaxis has also been successful using stabilate-induced

infections and one or two doses of long-acting oxytetracycline

(Gill et al., 1978) or !| x I4. mg/kg N-pyrrolidinomethyl tetracycline

(Jagdish et al., 1979). More recently, Gill .et al. (1980) were

able to immunize calves by injecting them with 0.5 or ii-tick-

equivalent stabilates,and simultaneously treating them with long-

acting oxytetracycline at 20 mg/kg. The treatment was repeated

after three days. However, unlike T. parva infections, the problem

of strain differentiation and the use of a combination of strains

to protect against heterologous challenges has. not been firmly

investigated.

2.9.7 Immunization against T. parva using schizont-infected lymphoid

cells

(a) Cells harvested from infected cattle; The value of

artificial immunization of cattle against T. parva using infected
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blood, tissue or organ suspensions was originally investigated by

Theiler (1912) in South Africa. He reported that 56 to 60% of

cattle inoculated intravenously with spleen pulp material survived

infection and later, natural tick challenge.

Spreull (191U) reported that,in a space of four years a total

of 282,000 cattle had been inoculated intravenously with suspensions

prepared from spleen and lymph nodes taken from infected cattle.

Twenty-five percent of the animals died after this treatment, but

about 75% of the survivors were partially or completely immune to

natural challenge. Theiler and Du Toit (1929) attempted to immunize

kS calves using infected blood inoculated by various routes. They

succeeded in doing so only in 12; and noted that the best results

were obtained by subcutaneous inoculation. Walker and Whitworth

(1930) summarised their extensive immunization trials started in

1922+. They stated that infection with blood did not always induce

immunity against a second inoculation of the same material. More¬

over, even two inoculations did not always induce immunity to field

exposure. An important observation was also made that to achieve

immunization, infection had to be established in the recipients.

Calves that had not reacted to a number of inoculations proved

still susceptible to natural infections.

Generally these early attempts to produce infection and immun¬

ization gave variable results. Jarrett et al. (1961+) successfully

infected 28 cattle using spleen or lymph node suspensions. Nine

animals died, three were killed in the later hyperplastic stage and

the rest recovered. Three of the recovered animals were challenged

with ECF using infected ticks and they all survived the challenge.
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Later work by Brocklesby et al. (19&5) demonstrated that a highly

significant degree of immunity against a challenge with ten infected

ticks was achieved following inoculation of infected spleen material.

Although this work produced better results than the previous attempts,

it still did not give promise as a method of infection and immuni-
9 10

zation. Pirie et al. (1970) demonstrated that 10 to 10 macro-

schizonts were needed to effect infection and immunization. Their

conclusion was reached after infecting 1+1 animals out of which 26

were protected against homologous tick challenge.

The difficulties in obtaining and quantifying macroschizonts

from donor animals and the unpredictable and variable results

obtained discouraged subsequent experimentation using this method

for immunization against ECP.

(b) Immunization with cell cultures of Theileria parva: The

history of cell culture has already been presented. The successful

in vitro propagation of a T. parva cell line by Malmquist _et al.

(1970) created an opportunity for extensive studies to be made on

the possibility of producing a tissue culture vaccine against ECP.
7

Subcutaneous or intravenous inoculation of 10 or more tissue

culture-infected cells into cattle initiated infection (Brown et al.,

1971)- Once established in the cells of the recipient, the para¬

site completed its mammalian cycle. In some cases the inoculum

was virulent enough to kill a proportion of the recipients (Brown

et al., ibid.). Culture material therefore had to be attenuated

before being used for immunization. To this end it was established

that 50 more passages were necessary to render the material

avirulent (Cunningham, 1977)•
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However the results obtained using T. parva cell lines were

not as good as those obtained using T. annulata cell lines. With

T. annulata, as few as 10^-10^ cells obtained from patently-

infected cattle or harvested from in vitro culture would regularly

infect cattle (Sergent et al., 1927b; Pipano and Tsur, 1966;

Hooshmand-Rad, 1973) and if such cattle survived they became immune
g

to challenge. A total of 10 cells from T. parva culture were

needed to achieve similar results (Brown et al., 1978b). For T.

parva, identification and acceptance or rejection of the schizont-

containing cell determines the parasite's chances of infecting

the recipient. It has been suggested that histocompatibility

factors play a role in the acceptance or rejection of the cell cul¬

ture inoculum (Brown et al., 1978b).

Irradiation as a possible means of attenuating the parasite

was tried. Irvin et al. (1975) irradiated aliquots of T. parva-

infected cells at doses of 300-1200 rads. Subsequent evaluation

of such cultures showed that irradiation did not affect parasite

division, but inhibited host cell division. Increasing doses of

irradiation resulted in corresponding decreases in the number of

viable host lymphoblasts. There was no evidence that irradiation

effected attenuation of the parasite.

Attempts were made to infect laboratory animals with T. parva

in the hope that the parasite might become attenuated, without

losing its immunogenicity. Such attenuated parasites would then

be used in immunization procedures (for references, see Purnell,

1977)- Irvin et al. (1977) inoculated lh parva-infected lymphoid

cells into immunosuppressed mice. The inoculated cells grew as
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"tumour masses which eventually killed the mice. In another elegant

piece of work, Irvin et_ al. (1975) were able to produce heterokary-

ons with ultraviolet light-inactivated Sendai virus, between T.

parva-infected cell lines and mouse or hamster cell lines. However,

they were not able to achieve significant multiplication of infected

heterokaryons or effectively establish the parasite in mouse cells

either in vitro or in vivo.

2.9-8 The "infection and treatment" method of immunization against

East Coast fever

(a) Chemoprophylaxis: Neitz (1953) demonstrated that tetra¬

cyclines could be used prophylactically against tick-induced EOF

provided they were administered over a prolonged period with 8-12

doses given intravenously on alternate days at 10 mg/kg, starting

2k hours after tick application. Wilde (19^7) confirmed this and

also found that oxytetracyclines had a small therapeutic effect

when given during clinical disease. Barnett and Bailey (1957)

immunized cattle using a daily dose of 1.5 nig/kg (Aurofac 2A

Cyanamid) from the day of application of infected ticks until day

28. Jezierski _et al. (1959) used 16 doses given intravenously at

10 mg/kg, starting within 21+ hours of tick attachment, to immunize

55 valuable breeding bulls in Zaire. Other workers (Robson et al.,

1961;Roe, 1962a,b; Stobbs, 1966) treated cattle orally with Aurofac,

while exposed to natural challenge. Since the attachment of infected

ticks was random and therefore unpredictable, continuous daily

treatment for up to three months was required to produce immunity.

Moreover, studies where ECE was induced in cattle by application of

groups of infected ticks required critical evaluations of the
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infectivity of the ticks used before results obtained could be

considered significant (Brocklesby et al., 1961).

Brocklesby and Bailey (1965) reviewed the literature on the

chemoprophylactic application of tetracyclines in ECE and recommended

the method for use on valuable exotic stock in enzootic areas.

Their recommended method involved application of infected ticks

and the concomitant oral administration of chlortetracycline or

oxytetracycline at 10 and 15 ®g/kg respectively for 28 days.

Jarrett et al. (19691) used this technique to immunize cattle against

ECE. They used 16 or more oral doses at 16 mg/kg starting a day

before application of ticks.

Although these successes were recorded, the method was never

adopted for general use in the field because of the need for appli¬

cation of infected ticks or natural exposure to initiate infections,

combined with prolonged periods of antibiotic administration

(joyner and Brocklesby, 1973).

(b) Infective tick-derived stabilates: Interest was renewed in

this method following the development of the tick-derived stabilates

(Cimningham et al., 1973a). This method was simply the culmination

of studies reaching back to 1928 when Theiler and Du Toit (1929)

reported that they had infected cattle with ECE by the inoculation

of a ground-up suspension of material from prefed infected R. app-

endiculatus. An important intermediate step came when Wilde et al.,

(1968) successfully cryopreserved an infective suspension from

ticks. The method became practicable when over 200 cattle inocul¬

ated with such material and treated with selected formulations of
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the tetracyclines were immunized against ECF (Radley et al., 1975a,

b,c). Some of the formulations consisted of long-acting tetra¬

cyclines which could be administered in a single dose, thus

obviating the need for repeated doses (Radley et al., 1975a,b,c;

Brown et al., 19776; Radley, 1978; Dolan, 1980).

(c) Quantum of infection: The availability of stabilate mater^

ial (Cunningham et al., 1973a) made it possible to initiate in¬

fections with quantified doses of the parasite (Cunningham et al.,

197Ua). The quantum of infection hypothesis was first put forward

by Wilde et al. (1968). This was based on the evidence in the

literature given by earlier workers, notably, Lowe (1933)» Wilson

(1950a,b, 1951)>Barnett (1957) and Wilde (1967)- According to

this hypothesis, the severity of an ECF reaction was dependent on

the quantum of infection introduced into the host. Should a low

infective dose be introduced, the recipient might recover and

become immune. In theory, application of low numbers of ticks

should result in mild reactions in the recipient; the latter should

then recover and become immune. However, in practice, this is

difficult to achieve.

Observation on the infection rate of salivary glands of R.

append!culatus with T. parva have revealed wide variations in the

number of acini infected (Purnell and Joyner, 1968). Purnell et

al. (1971+a) observed great variations in T. parva infection rates

of experimental batches of R. appendiculatus. Variations in the

infectivity of individual ticks has also been noted when inoculating

tissue suspensions of H. dromedarii into calves to initiate T.

annulata infection (Gill et al., 1977a)«
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The development of a means to produce stabilates of theilerial

sporozoites which could he cryopreserved (Cunningham et al., 1973a)

enabled workers to reproducibly infect cattle over long periods of

time. It also became possible to titrate sporozoite suspensions

down to fractions of a tick-equivalent dose (Cunningham et al., 197Ua)«

From their studies, these authors also demonstrated that susceptible

cattle were protected against an otherwise fatal homologous ECF

challenge by prior inoculation of a high dilution of the stabilate

they used. From this work and other studies that followed it was

concluded that ECF reactions in cattle were sporozoite quantum

dependent rather than strain dependent (reviewed by Purnell, 1977).

Large numbers of parasites cause acute, severe reactions, while

small numbers cause mild transient reactions.

(d) Cross-immunity trials; However, this method could not be

used to produce a field vaccine because of the presence of immuno¬

logically dissimilar strains of the parasite in the field and the

disparate reactions in the inoculated cattle. Hence further immuni¬

zation trials were done using controlled quanta of sporozoites in

conjunction with treatment. Radley (1978) reported that cattle

were immunized against homologous challenge by the infection and

treatment method, using Terramycin at a dosage rate of 10 mg/kg

administered parenterally on days 0 and I4. following sub-lethal

infection. In an attempt to induce immunity that would withstand

challenge with a wide variety of heterologous strains, a combination

of three selected strains was used as a "cocktail" stabilate for

immunization (Radley et al., 19758; Radley, 1978). Two of the
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strains were T. parva and the third was a cattle-adapted T. law-

rencei. The "cocktail" immunes withstood lethal T. parva challenges

(stahilate and natural field challenges), from many different places

in East Africa, but were less protected against T. lawrencei (Radley

et al., 19758; Radley, 1978). Field trials were also conducted

using "cocktail" immunes at Pugu in Tanzania (Uileriberg et al.,

1977» 1978) and while none of the immunized animals died of EOF,

all the controls died of the disease during undipped exposure at

the site.

Brown et al. (1977a) have recently described experiments in

which animals were immunized against subsequent lethal homologous

ECF challenge by inoculation of a lethal dose of EOF stabilate and

four daily injections of 5 mg/kg of a n-pyrrolidinomethyl tetra¬

cycline (Reverin, Hoechst) starting from day 0. In another series

of experiments, Brown et al. (19778) initiated ECF in three groups

of 10, 5 and 5 cattle 8y inoculation of stabilate. Treatment of

the first group with n-pyrrolidinomethyl tetracycline at 15 nig/kg

for five days was started on the first day of detection of macro-

schizonts in lymph node biopsy smears: 9 out of 10 treated cattle

survived a disease challenge which killed 7 out of 10 untreated

controls. Oxytetracycline was administered at 15 mg/kg for 5 days

to the last two groups. All five cattle survived when treatment

was started on the first day macroschizonts were seen while k out

of 5 survived when treatment was delayed until the onset of febrile

response. All five untreated controls died of ECF.

It remains to be determined at what stage of the life cycle

the tetracyclines are effective. Dolan (1981) has suggested that
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tetracyclines act against Theileria macroschizonts by inhibiting

the rapidly multiplying cell, thus slowing the development of the

macroschizonts and allowing the host immune response a chance to

control the infection. However, the parasite completes its mammalian

cycle in the treated and recovered animals (Brown et al., 19778).

One of the drawbacks inherent in the infection and treatment

method of immunization is the emergence of carrier animals in which

piroplasms persist for a long time (Dolan et al., 1980; Young _et al.,

1981). Carrier animals act as sources of infection for ticks thus

perpetuating the disease in the field. This problem could be

overcome by the use of sporozoites attenuated by irradiation.

(e) Use of irradiated sporozoites: Cunningham et al. (19738)

attempted to attenuate T. parva sporozoites by ^Co irradiation.

Different concentrations of sporozoites in suspension were irrad¬

iated with 14.-170 KR or 1+—32 KR. Sporozoites were then inoculated

into cattle. From these studies, there was no evidence that

sporozoites which survived irradiation were attenuated. Increasing

doses of gamma, irradiation increased mortality of the parasites,

so that irradiation merely produced a dilution effect. Further

interest was then focussed on the possibility of attenuating the

parasite by irradiating the tick vector, R. appendiculatus. Mugera

et al. (1973) exposed 30 9-12 month old calves to ten adult infected

ticks irradiated at 0, 10, 20, 30, 50 or 70 KR of gamma radiation.

Ticks irradiated at 10 KR and non-irradiated ticks produced fatal

ECF while ticks irradiated at 20, 30 and 50 KR did not. Moreover,

calves infected with ticks irradiated at 20 and 30 KR resisted

challenge, indicating that they were successfully immunized.
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Purnell et al. (197^+b) subjected infected adult or nymphal

R. appendiculatus to ^Co irradiation with doses ranging from

one to 60 KR. The effect of irradiation was assessed by morpho¬

logical examination of the parasites, and parasite infectivity

for cattle. The reaction of the cattle, together with the morpho¬

logical examination of the parasite suggested that increasing doses

of irradiation destroyed increasing numbers of parasites. They

concluded that production of an irradiated tick-derived vaccine was

not feasible.

2.10 Conclusions

This literature review has revealed that two methods of

immunization against the important bovine theilerioses have so far

shown encouraging results: the use of tissue culture vaccine against

T. annulata and the "infection and treatment" method against T.

parva.

Cultivation of Theileria parasites outside the bovine host is

a comparatively inexpensive system which has a number of potential

applications. The use of culture material in immunization proce¬

dures or in screening of potential anti-theilerial compounds has

already been discussed. Hulliger et al. (196I4.) used the in vitro

system to study and elucidate the mode of multiplication of macro-

schizonts within the host cell. Burridge and Kimber (1972, 1973a)

showed that cultured schizont antigens were superior to piroplasm

antigens or schizonts from the bovine host in the IPA test for

T. parva infection. Recently, cultured Theileria cell lines have

provided material in which the isoenzyme patterns of the intracellular
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schizonts were examined for the purpose of species differentiation

(Musisi, 1978; Musisi et al., 1981; Melrose et al., 1980).

A technique has been developed for establishing cultures of

Theileria. Cultures are set up by infecting clean lymphocytes in

vitro with sporozoites harvested from infected ticks (Brown _et al.,

1973; Brown, 1979» 1980). This technique has recently been used

in the study of host-parasite relationships at the early develop¬

mental stages (Stagget al., 1981; Eawcett et al., 1982c; Jura et

al., 1983). The availability of this technique has provided some

workers with an ideal opportunity to study cell mediated immune

responses against infected cells of the same genetic type in T.

parva infections (Pearson et al., 1979b, 1982; Allison and Eugui,

1981; Emery et al., 1981a,b; Eugui and Emery, 1981). Cultures can

be initiated in vitro using the cells from an individual and these

cultures can later be used as targets for effectors from the same

individual following infection.

The work recorded in this thesis utilized this particular

in vitro technique in an attempt to characterise the target cell(s)

for T. parva and annulata and to evaluate cellular and humoral

immune mechanisms that operate in tropical theileriosis.
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CHAPTER THREE

GENERAL MATERIALS AND METHODS

3.1 Experimental Cattle

Eos taurus Ayrshire or Ayrshire x Shorthorn calves, 10-20

weeks old, weighing 2+0—173 kg (live body weight) were used in all

transmission experiments. They were supplied from tick-free farms

and were presumed to be highly susceptible to both Theileria annul-

ata and Theileria parva. During the experiments, the calves were

isolated and maintained in a hygienic, tick-free environment at 20°C,
relative humidity 65-95% and were fed on hay and calf pellets.

A four-year-old steer, No. 2+6, was used throughout as a donor

for peripheral blood leucocytes (EBL) used as controls in studies

of effectors of immune mechanisms in bovine theileriosis and in

tests of infectivity of sporozoites for bovine target cells.

3.2 Media

3.2.1 Growth medium

The medium used for cultivation of cell lines and all in

vitro experiments was RPMT 162+0 buffered with HEPES (N-2-hydroxy-

ethyl piperazine-N-2: ethane-sulphonic acid) (25mM), supplemented

with 20% foetal calf serum (ECS), and 2mM L-glutamine, all supplied
1* /

by Gibco-Europe ; 100 i.u./ml benzyl penicillin sodium B.P. and

100 |+g/ml streptomycin sulphate B.P., both supplied by Glaxo

Laboratories". The pH of the growth medium was about 7*2 at 37°C.

3.2.2 Phosphate buffered saline (PBS)

PBS, approximately pH 7«3» was prepared by dissolving one

tablet of Phosphate Buffered Saline, Dulbecco A (Oxoid Ltd. ) in

*see Appendix 1 for superscripts
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100 ml of distilled deionised water (DIM) and sterilized by auto-

claving. This medium was used for washing cells as indicated under

the appropriate sections.

3.2.3 MEM/BPA

Eagle's Minimum Essential Medium buffered with Hanks' salts

(Gibco-Europe) containing 200 i.u./ml benzyl penicillin sodium B.P.,

200 Mg/ml streptomycin sulphate B.P., 100 i.u./ml nystatin B.P.

(Mycostatin, E.R. Squibb and Sons Ltd.^) and 3-5% (w/v) bovine plasma

albumin - Armour fraction V (Sigma Chemical Co.'') was prepared and

sterilized by membrane filtration. This medium will hereafter be

referred to as MEM/3.5% BPA. It was used mostly for the preparation

of ground-up tick supernate (GUTS) as will be detailed later.

3-3 Equipment

3.3.1 Disposable tissue culture equipment

2 2
Disposable utensils, viz. 25 cm and 75 ram tissue culture

6 7
flasks (Nunc ), plastic petri dishes (Sterilin Ltd. ), 2)4 well

0
tissue culture cluster plates (Costar ), flat bottom microtitre

plates (Nunc), V-shaped microtitre plates (Sterilin Ltd.) and hypo¬

dermic needles and syringes (Becton-Dickinson Ltd.^) were obtained

sterile from the manufacturers.

3.3.2 Cleaning and preparation of glassware

Glassware (except pipettes), rubber bands and plastic caps

10
were immersed in a 2% solution of Decon 75 (Decon Laboratories Ltd. )

for 214 hours, then brushed, rinsed liberally with tap water and three

times in deionised distilled water (DDV).

Pipettes were immersed in a 2% solution of Decon 75 for 2h
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hours, then rinsed in a syphon type pipette washer at least ten

times, and then rinsed three times in DDW.

After oven drying, the equipment was prepared for sterilization.

3.1+ Sterilization

3.1+.1 Dry heat

The glass pipettes were sterilized in an oven at 160°C for

hours.

3.U-2 Moist heat

All articles made of rubber, glassware carrying rubber parts,

bottles with plastic caps and the Swinnex filter holders complete with
1 1

filters ipre-filters (Millipore Corporation ) were sterilized in an

autoclave at 15 Ib/sq in. for 15 minutes at 120°C.

3.1+.3 Membrane filtration

All the heat-labile materials such as serum, MEM/3.5% BPA

and heparin solution were sterilized by membrane filtration using

Millipore cellulose ester 0.22m membranes (MF). Serum or MEM/3.5%

BPA was warmed at 37°C and this was followed by filtration first

through non-sterile 8.0m. MF disc on bottom, i.e. direct onto filter

holder, and a glass-fibre pre-filter (AP25, Millipore) at the top,

then through a sterile assembly of 0.22^ MF and a pre-filter.

3.5 Preparation of Anticoagulants

3.5-1 Acid citrate dextrose (ACD) solution, formula A

Each 100 ml solution of ACD was prepared by dissolving the

following in 100 ml of deionised distilled water (DDW):
citric acid B.P. 0.8 g

sodium citrate B.P. 2.2 g

anhydrous dextrose B.P. 2.22+ g
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Sterilization was achieved by filtering the solution through a

0.22p, MP.

3.5.2 Ethylene diamine tetraacetic acid (EDTA) (disodium salt)

A 1.5% EDTA solution was prepared by dissolving 1.5 g powder
1 P

of disodium salt EDTA (BDH Chemicals Ltd. ) in 100 ml of PBS. The

solution was then filtered through a 0.22m. MP.

3.5.3 Heparin

Sodium salt of preservative free heparin (Sigma Chemical

Co.) in powder form was dissolved in PBS to give a final concentration

of 1000 units/ml. The solution was immediately filtered through a 0.22p

MP and then stored at ij.0C.

3.6 Isolation of Bovine Peripheral Blood Leucocytes (PBL)

3.6.1 Using density gradients

Methods for isolation of peripheral blood leucocytes were

modified after Brown (1979). The animal was suitably restrained and

the jugular furrow was clipped using a pair of six-inch curved sciss¬

ors. The jugular vein was then raised using a tourniquet and the

puncture area was scrubbed with cotton wool moistened with 70% etha-

nol. This was followed by jugular puncture made using a sterile,

disposable ll+G x 1.5-inch needle. One hundred ml of blood was coll¬

ected aseptically into a sterile screw-top graduated bottle contain¬

ing 20 ml ACD or 1 ml Heparin or 10 ml EDTA and mixed well by gently

swirling the bottle.

Alternatively, 115-120 ml blood was collected in a 150 ml

Ehrlenmeyer flask and defibrination was effected by gently swirling the

blood using three sterile wooden bacterial swab sticks. This method

always yielded at least 100 ml of defibrinated blood. Fifty ml of
1 3

blood was dispensed into 50 ml graduated centrifuge tubes (MSE ) and
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spin) for 20 minutes, or 225>0g (3000 rpm, MSE Mistral 2L) for 30niinutes

to obtain the buffy coat. The plasma was then pipetted off to

within 1-2 mm of the buffy coat layer. Using a 5 ml pipette, the

buffy coat cells were recovered in not more than 3 nil, then trans¬

ferred to a 25 ml screw-top plastic universal bottle containing 9 ml

of phosphate buffered saline (EBS), pH 7-3 and mixed well with a

pipette. Twelve ml of the diluted buffy coat cell suspension was

carefully layered onto 8 ml of Picoll sodium diatrizoate gradient,
"1 )

Sp. gr. 1.077 (Ficoll-Paque, Pharmacia Pine Chemicals ) and the inter¬

face was subjected to 800g (2800 rpm, MSE Chilspin), 15°C for 35

minutes or 670g (2000 rpm, MSE Mistral 2L), 20°C for 1+0 minutes. The

supernatant above the interface was discarded and the mononuclear

cells at and just below the interface were recovered in not more than

5 ml. These cells in Ficoll-Paque were washed twice in 20 ml EBS in a

plastic universal bottle at 300g (1500 rpm,MSE Chilspin), 15°C for 10

minutes or 270g (lii50 rpm, MSE Mistral Minor), 20°C for 10 minutes, then

once for five minutes. The supernatant EBS was discarded and the cell

pellet was resuspended in 10 ml of cold growth medium. A cell count

was then done and the concentration adjusted as required. Smears were

also made, stained with Giemsa and differential counts were done.

3.6.2 Separation of bovine buffy coat cells by ammonium chloride lysis

by a modification after Shortman et al. (1972)

The initial blood handling was done as detailed above. Follow¬

ing whole blood centrifugation, plasma was removed aseptically and

saved. The buffy coat layer was recovered in not more than 2 ml, then

transferred and thoroughly mixed with ij. ml of cold (0-I|°C) EBS in

a plastic screw-top universal bottle. Three volumes (not more than
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18 ml) of cold (0-l4°C) 0.17M ammonium chloride solution was added,

mixed gently and the cell suspension was held for 10 minutes at

0-l|°C in an ice-bath in order for the red cells to be lysed. Using

a pasteur pipette, about 5 ml of autologous plasma was carefully

layered beneath the lysed suspension, and the interface was subjected

to 1+OOg, 5°C for seven minutes (1900 rpm, MSE Chilspin). The super¬

natant was discarded and the cell pellet resuspended in 10 ml of

cold growth medium if the blood was originally defibrinated. If

the blood was originally collected into an anticoagulant, the pellet

was first washed twice in PBS (20 ml) 300 g 15°C for 10 minutes

to remove platelets, before resuspending it in 10 ml of cold growth

medium. The cells were counted, cell concentrations adjusted as

required and cytospin smears made for differential counts.

3.7 Preparation of Spleen Cells

Spleen pieces were collected aseptically from calves less

than one year old at a local abattoir. Each piece was placed in

the growth medium with 10 i.u./ml heparin in a sterile, screw

topped bottle. In the laboratory they were minced using sterile

scissors and forceps. The minced material was mixed thoroughly

with more growth medium and transferred to several sterile plastic

petri dishes. Any large lumps were allowed to settle out by

standing the petri dishes for about five minutes. The. super-

natants were then transferred to several disposable plastic uni¬

versal bottles and centrifuged at 300g for ten minutes. The super-

natants were discarded and the pellets resuspended in PBS. The

resulting cell suspensions were pooled and the mononuclear cells were

then isolated by Ficoll-Paque gradient centrifugation. The isolated
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mononuclear cells were washed in PBS and then resuspended in the

growth medium at the required concentration.

3.8 Source of Infected Ticks

Colonies of Rhipicephalus appendiculatus ticks infected with

T. parva (Muguga) (Brocklesby et al., 1961) and Hvalomma anatolicum

anatolicum ticks infected with T. annulata, the Ankara strain from

Turkey (Schein et al., 1975) or the Hissar strain from India (Gill

et al., 1976b)were maintained in the laboratory. Adult infected

ticks were kindly supplied by Br. A.R. Walker.

3.9 Preparation of Sterile Ground-up Tick Supernate (GUTS)

Methods for isolation of sporozoites were modified after

Brown (1979)• Adult Hyalomma anatolicum anatolicum ticks infected

with T. annulata Ankara or Hissar strain were fed on rabbits' ears

for three days to allow maturation of sporozoites. Adult Rhipi-

cephalus appendiculatus ticks infected with _T. parya (Muguga) were

similarly fed for four days.

The partially fed ticks were removed and surface sterilized

by three sequential treatments: first three washes in 1% benzal-
1 5

konium chloride (Roccal antiseptic ), followed by three washes in

70% (y/v) ethanol and four washes in Eagle's MEM^^/^ BPA. The

ticks were held in the final wash for ten minutes after which the

medium was discarded and replaced with 2-5 ml MEM/3.5% BPA. Ticks

in the medium were transferred to a sterile mortar and were ground

thoroughly with a sterile pestle (3~U rounds) each time adding and

recovering a recorded volume of medium e.g. 2-5 ml MEM/3.5% BPA.
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The process was repeated until a final concentration of tick

equivalents (t.e.) per ml was reached. The GUTS was centrifuge!

at 1000 g (1000 rpm, MSE Minor) for five minutes and the super¬

natant fluid containing sporozoites was recovered aseptically into

a 25 ml sterile, screw-top plastic universal "bottle. Sometimes the

debris pellet was reground in a Griffiths tube with 3-5 ml extra

MM/3.5% BPA, recentrifuged as above and the supernatant fluid was

collected and pooled with the first sporozoite harvest. Further

removal of debris was done by passing the GUTS through a sterile

25 mm Millipore Swinnex filter with an AP pre-filter and 8.0p.MF

using a 20 or 50 ml sterile syringe, depending on the volume of

GUTS. Fifty to 100 pi aliquots of filtered GUTS were centrifuged
16

at 700 rpm for ten minutes (Cytospin Centrifuge, Shandon ) onto

microscope slides and stained with Giemsa to check for presence,

morphology and concentration of the sporozoites in the suspension.

Sporozoites prepared in this way were either used for initiating

cultures or were cryopreserved as stabilates (Lumsden and Hardy,

1965).

3.10 Cryopreservation of Sporozoites as Tick Stabilate using 7.9%
glycerol

Pre-warmed (37°C) sterile Analar glycerol was added to MEM/

3.5% BPA to make a solution of 15% glycerinated MEM/3.5% BPA as the

cryoprotectant medium. The solution was pipetted thoroughly and

repeatedly to ensure proper mixing. An equal volume of 15% glycerin¬

ated MM/3.5% BPA was added drop wise with gentle shaking to the

GUTS, the suspension was pipetted gently to mix thoroughly and then

allowed to stand at room temperature for approximately thirty
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minutes to equilibrate. One to two ml aliquots of the resultant

7-5% glycerinated GUTS suspension were distributed into 2 ml glass

vials with repeated mixing of the GUTS suspension between distri¬

butions. After a total of 30-1+5 minutes equilibration, vials were

appropriately labelled with zinc oxide tape and indelible ink,

indicating parasite strain and stabilate number. They were then placed

vertically in a compartmented box and held at -70°C overnight. The

following day, the vials were transferred to a liquid nitrogen bank

(gas phase, LR I4.O); stabilate number and position in the bank were

then indexed in the record book.

3.11 Initiation of Cultures

3.11.1 In vitro infection using bovine EBL and GUTS

Methods for initiation of cultures using bovine EBL and

GUTS were modified after Brown (1979)- Cultures were established

in tissue culture cluster plates. 0.25 ml cell suspension (2 x 10

cells) in growth medium and 0.25 ml sporozoite suspension in MEM/

3-5% BPA were seeded out into each of the 21+ 2 cm wells. The

multiwell plate was immediately put in a humidified plastic box,

which had two vent holes, on opposite sides, that could be closed

with adhesive tape. The box was humidified using a sterile petri

dish containing 5-10 ml of sterile deionisea distilled water. The

box was gassed with 5% COg in air, the vents were sealed and the
whole assembly was incubated at 37°C. On day 1 of culture (i.e.

after 2i\ hours incubation) the original volume in each well was

doubled by adding 0.5 ml of growth medium. On day 2, the medium

was doubled again by adding 1 ml. Subsequent medium changes in¬

volved careful removal of cell-free supernatant medium and its
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replacement with an equal or lesser volume of fresh growth medium,

depending on the rate of metabolism of the cultures. In all cases

a volume of 2 ml per well was never exceeded.

3.11.2 Establishment of Theileria cell lines from infected animals

(a) Using lymph node: Following the method of Malmquist and

Brown (197U) 10 ml of growth medium containing 10 i.u./ml preserv¬

ative-free heparin were dispensed into a sterile plastic universal

bottle. The skin over the lymph node to be biopsied was clipped,

shaved and surface-sterilised with 70% ethanol.

Five ml heparinised medium was drawn from the universal into

a 10 ml syringe via a 1l+G x 1.5-inch biopsy needle. The lymph

node was then immobilised with one hand, and biopsied by rapidly

penetrating it with the needle attached to the syringe, followed by

probing while applying negative pressure with the syringe plunger.

While still applying negative pressure and squeezing the lymph node,

the needle was withdrawn and biopsy material and medium expressed

into the universal bottle and mixed thoroughly. The suspension was

kept cool before being processed. Later, the suspension was thor¬

oughly pipetted to break up firm tissue and then centrifuged for

five minutes at lj.00g, 1|°C, the supernatant fluid discarded and the

pellet resuspended in 5-10 ml cold growth medium. The material was

2 2
then seeded either in a number of 2 cm wells of 25 cm culture

flasks or both.

(b) Using EBL - EBL were isolated from 55 20 or 100 ml of blood

collected from infected calves. Five or 20 ml were collected in

vacutainers containing lithium heparin (Becton-Dickinson) or

EDTA, and 100 ml were collected in ACD (1 ml ACD:1|. ml of blood).
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To isolate PBL, ACD blood was processed by technique 3*5.1 a-nd-

EDTA or heparinised blood was processed by technique 3«5«2. Cells

obtained were suspended at 2—k x 10^/ml in RPMI 16I4.O supplemented

with 20% PCS or normal bovine serum (NBS). One ml of cell sus¬

pension was seeded into each well of a tissue culture plate and

cultures were handled as in 3»10«

3-12 Assessment of Cultures

Cultures were regularly examined for transformation which

could be ascertained by examination with inverted microscope and

cytocentrifuge smears and by detection of increased metabolic rate

indicated by a yellow colour of the medium. Infection rates were

also evaluated using Giemsa-stained smears.

3.12.1 Cell counts

Total cell and viability counts in cultures or PBL sus¬

pensions were done using the routine dye exclusion test and an

improved Neubauer haemocytometer. A modification of the method

described by Paul (1975) was used. Briefly, 0.2% trypan blue (w/v;

BDH Chemicals Ltd.) was prepared in PBS and sterilized by membrane

filtration. To count viable cells, 0.1 ml cell suspension was mixed

with 0.1 ml of the dye; an aliquot was withdrawn from the mixture

and placed in a haemocytometer counting chamber. The haemocytometer

was then incubated in a humidified chamber for 2-3 minutes after

which the percentage of live cells (those which did not take up the

dye) was recorded using light miscroscopy at x 250 magnification.

3.12.2 Preparation of cytocentrifuge smears

To prepare cytocentrifuge smears, 50 pi aliquots of growth

medium were spun at 700 rpm for five minutes in a cytocentrifuge
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chamber to pre-wet the slides. This was followed by spinning 50-

100 (j.1 aliquots of culture or cell suspension at 700 rpm for ten

minutes. Smears were quickly air-dried, fixed and stained as

detailed below.

3.12.3 Giemsa staining of slides

Air-dried blood, lymph node biopsy or cytocentrifuge smears

were fixed in methanol for three minutes. This was followed by

staining for J4O minutes with %% Merck's Giemsa stain with added

Azur II buffered at pH 7*2. The method for the preparation of

the Giemsa stain was modified after Shute (1966), details of which

are given in Appendix 2. The stain was diluted just before it was

required and was used for staining only one set of slides. Stained

smears were differentiated individually in Giemsa buffer, pH 7*2,

then blotted dry before being examined by light microscopy at x 1000

magnification.

3.12.4 Evaluation

The stained smears were examined for the presence of

schizont-infected cells. At least 400 cells were counted per slide.

Results were expressed as percentage infected cells (PIC).

3.13 Lymphocyte Stimulation

Two types of mitogens were used for lymphocyte stimulation;

lectins and Theileria sporozoites.

3.13.1 Lectins

Two lectins were used: Concanavalin A (Con A) (Pharmacia

Pine Chemicals) extracted from the jack bean, Canavalia ensiformis,

and phytohaemagglutinin (PHA), reagent grade, PHA-R Code No. HA15
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17
(Wellcome ). Con A crystals were dissolved in sterile PBS to

make a stock solution at 1000 jig/ml. The solution was then dis¬

pensed in 1 ml aliquots and stored at -20°C until used. A freeze-

dried pellet of PEA was reconstituted with I+.5 ml of sterile DEW

to make a stock solution at 10,000 pg/ml. The stock solution was

stored at if°C and was used within a month, of its reconstitution.

3.13.2 Lymphocyte stimulation test using lectins

The procedure for the lymphocyte stimulation test was based

upon that reported in other studies (Muscoplat et al., 197U)• The

tests were done in 96 well flat bottom microtitre plates (Nunc).

Each time the test was done an aliquot of stock solution of the

mitogen was diluted in the growth medium to the required concen¬

tration^). One hundred pi aliquots of cells suspended in growth

medium were added to each well followed by 100 pi aliquots of the

mitogen at an appropriate concentration. Triplicate and sometimes

quadruplicate wells were set up for all cell cultures with and

without mitogen. Cultures without the mitogen were the controls.

Each of the wells in the perimeter rows received 200 pi of growth

medium and were not used for the test because of big pH fluctuations.

Plates were incubated at 37°C for vaiying periods of time in a 5%

CO2 in air in humidified plastic boxes. At 18 hours before harvest¬
ing, each well received 20 pi of growth medium containing 1.0 pCi

of tritiated methyl-thymidine (^H-TdR) (specific activity 5.0 Ci/mmol;
18

Amersham International Ltd. ). Cultures were harvested with a

semi-automatic Skatron Titertek multiple cell harvester (Plow Lab-
19

oratories ) onto glass fibre pads (Plow Laboratories). Filter

pads were dried and transferred to 5 ml vials. Each vial then
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received 5 nil of the toluene-based scintillating fluid*. Vials

were screw topped and counts were done in a liquid scintillation
20 3

(B-counter (Nuclear Enterprises ). The results of H-TdR incor¬

poration into the DM were expressed as both the arithmetic mean

of counts per minute (CEM) of the replicate cultures and the

stimulation index (Si). The stimulation index (Si) represented the

ratio of mean CEM incorporated by mitogen-containing cultures to

mean CEM incorporated by mitogen-free cultures (controls).

3.13.3 Lymphocyte stimulation test using Theileria sporozoites

Cultures were established in cluster plates using EBL and

sporozoites as described above. At least three replicates were set

up for each test and control condition. After three days of culture,

the cultures were thoroughly mixed and a 200 p.1 aliquot was removed

from each well and dispensed into a well in a flat bottom micro¬

ti tre plate. Each well of the microtitre plates then received 20 ql
3

of the growth medium containing 1.0 jj.Ci of H-TdR. The plates

were incubated again and 18 hours later cultures were harvested and

counts done as already described. Results were expressed both as

mean OEM and stimulation indices (Si). The stimulation index

represented the ratio of mean OEM incorporated by EBL co-cultivated

with sporozoites to mean OEM incorporated by EBL cultured without

sporozoites (controls). In addition on day of culturing, 50-100 (j. 1

aliquots of thoroughly mixed culture material were obtained from

*Liquid scintillant was a cocktail made up of the following reagents:
1. 0.05g anhydrous powder of (l,!(.-bis 2-(5-phenyloxazolyl) - Benzene;

Ehenyl-oxazolyl phenyl-oxazolyl-phenyl) (E.O.E.O.E.) (Sigma
Chemical Co.)

2. 6.0g anhydrous crystals of 2,5-Diphenyloxazole (E.O.E.O.YSigma
Chemical Co.) dissolved in one litre of Toluene.
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each well and used for making cytocentrifuge smears. The smears

were stained with Giemsa and then examined by light microscopy at

x 1000 magnification for the presence of blast and non-blast cells.

At least 1000 cells were counted per slide.

The way in which lymphocyte transformation data is presented

can affect the interpretation of the results. Using bovine data,

Schultz (1981) demonstrated that if the background (media) CPM

are greatly different between the control and test animals, the data

may be significant if presented as stimulation index (Si) and not

significantly different if presented as mean CPM. Most workers are

agreed that data should be presented in both ways (Stobo, 1980;

Schultz, 1981).

Accordingly data in this thesis were presented both as CPM and

SI.

3.11+ Chromium (^Cr) Release Assay
61

The Or release microcytotoxicity assay was used to detect

specific lysis of ^1Cr-labelled target cells (Iheileria-transformed

cell lines) after incubation with various effector cells described

in individual experiments.

3.11+.1 ^ Cr-labelling of target cells

Target cells suspended in EPMI I6I4.O supplemented with 10%

newborn calf serum (UCS) at 5 x 10^/ml were incubated with 100 |j,Ci
91

sodium chromat#/ml (Na^ Or 0, , specific activity £.0 Curies/mmol)
for one hour at 37°C with occasional shaking. Cells were washed

twice in RPMI 161+0 with 10% NCS, further incubated for 30 minutes

at room temperature to allow release of isotope from dead cells,

*Amersham International Ltd.
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washed, and resuspended in the growth medium at a concentration of

2 x 10^ cells/ml. Viability of cells assessed by the trypan blue

exclusion test was greater than 95%.

3.11+.2 Microcytotoxicity assay procedure

Effector cells were suspended in the growth medium at

1 x 10^ cells/ml. Two hundred pi aliquots were added to 20 pi

^''cr-labelled target cell suspensions (2 x 10^/ml) in V-shaped

wells of microtitre plates to give an effector-to-target ratio of

50:1. Each assay was done in triplicate. Plates were centrifuged

at 100 g for 30 seconds at room temperature, then incubated in

plastic boxes in a humidified atmosphere of 5% COg in air at 37°C
for 18 hours. Plates were centrifuged again at 250g for ten

minutes at room temperature. One hundred pi of supernatant was

harvested from each well and dispensed into a labelled plastic
21

Luckham tube (Luckham Ltd. ) in a rack. The tubes were stoppered

and then transferred to a gamma counter (Nuclear Enterprises) and

the radioactivity in the supernatant was counted.

The release of isotope from target cells incubated with 200 pi

of medium alone measured spontaneous release, and maximum releasable

isotope was determined by lysis of target cells incubated with 200 pi

of a 1% solution of the detergent, sodium dodecyl sulphate (SDS).

Target cells incubated with the effector cells gave the test release.
51

Specific lysis of Cr-labelled target cells was calculated from the

mean counts per minute (CPM) values using the following formula:

„/ 0 .„. , . Test release - Spontaneous release ..

,o peci ic ysxs - release - Spontaneous release X
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3.1ij..3 Statistical analysis

The significance of the differences between CEM test

release and CEM spontaneous release was analysed by Student's t

test.

3.15 Data presentation

Although the data presented in this thesis were recorded

as mean values ± standard deviations, all the statistical analyses

were carried out using the raw data.

»
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CHAPTER POUR

INFECTION AND IMMUNIZATION OP CALVES

i|. 1 Introduction

Calves were infected with Theileria annulata or Theileria

parva and were either treated after development of the clinical

disease or were allowed to die. The study was carried out with

the following objectives:

(a) to produce immune calves that would provide immune sera and

cells for use in an in vitro model for evaluation of cellular and

humoral mechanisms of immunity in bovine theileriosis;

00 as pilot trials on anti-theilerial chemotherapy using two new

22 2*3
experimental compounds, halofuginone (Hoechst ; Rousell Uclaf ->)

and compound 9930 (Wellcome);

(c) to study the disease parameters in vivo;

(d) to produce infected ticks.

1+. 2 Materials and Methods

4.2.1 Infection of calves with stabilate material

Each experiment was done using two pairs of calves. Vials

containing cryopreserved stabilate prepared from infected ticks

(3-10) were taken out of the liquid nitrogen and rapidly thawed in

a water bath at 37°C. Qnce thawed, they were removed and left at

room temperature (20°C) for 15-1+5 minutes to allow equilibration

of glycerol. The contents were then pooled together and mixed well.

Lethal doses consisting of 0.7-1.2 ml aliquots were taken from the

pool and inoculated subcutaneously over the left prescapular lymph-
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node (LPN) of each calf using an 18G x 1.5-inch needle and 5 nil

sterile disposable syringe. When patent clinical disease was

established, one pair was treated while the second pair was left

to act as susceptible controls. The parasite(s) used to initiate

infection will be indicated in results of individual experiments.

U.2.2 Observations on cattle

(a) Body temperature recording: Rectal body temperatures of the

experimental animals were recorded daily in the morning. Elevation

of the temperature to 39«5°C or above was considered as fever.

(b) Blood smears: From the tenth day after infection samples of

jugular blood were collected in 5 nil vacutainers (Becton-Dickinson

Ltd.) each containing EDTA powder at 1.5 mg/ml. Some of the blood was

used for making smears and the rest was used for haematological

studies. Smears were made in the conventional way, stained as

described (3«12.3)> then examined for the presence of intraerythro-

cytic parasites (piroplasms), and the percentage number of erythro¬

cytes infected (parasitaemia) was recorded.

(c) Lymph node biopsy: Biopsy material was taken from the left

prescapular node, three times weekly, starting four days after in¬

fection. The skin at the puncture site was shaved and then swabbed

with 70% ethanol. The node was secured under the skin by manual

pressure. An 18G x 1.5-inch needle was quickly inserted at right

angles through the skin and into the lymph node. After a few

probes into the lymph node, the upper orifice of the needle was

blocked by applying the finger tip while withdrawing the needle.

The fluid in the lumen of the needle was then expressed onto clean
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glass microscope slides and thin smears were made immediately in a

conventional way. They were quickly air-dried, later stained with

G-iemsa and examined under light microscopy at x 1000 magnification,

for the presence of macroschizonts (Ma) and microschizonts (Mi).

Parasitosis was scored on an arbitrary, subjective scale, + to iiI I

according to the number of parasitised cells seen per field.

(d) Haematology: Samples of jugular blood were collected as for

blood smears at least three times weekly for packed cell volume

(PCV) estimation and measurement of red blood cells (EBC), white

cell counts (WBC) and thrombocyte counts.

(i) Estimate of PCV - packed cell volumes were determined by

the microhaematocrit method using plain capillary tubes and a micro-

haematocrit centrifuge (Hawksley, England^ ).

(ii) EBC, WBC and thrombocyte counts - the EBC and WBC counts

were done using an electronic counter, Model Zf (Coulter Electronics
25

Ltd. ) with a 100p, orifice tube, a threshold setting of 5 and

attenuation and aperture switches set at 0.707 and 16 respectively.

The thrombocyte counts were done using a Thrombo-Counter "C" (Coulter

Electronics Ltd.) with a 70n orifice tube and a setting of HCT at 28.

1+.2.3 Chemotherapy

(a) Compound 993C (Wellcome) was dissolved in dimethyl sulphoxide/

Span 80/Maize oil at 100 mg/ml and then administered intramuscularly

into the semi-membranosus muscle at a dose rate of 20 mg/kg body

weight, half of the total dose in each leg. One, two or three

daily treatments were given starting on Lay TS + 2, i.e. two days



82.

after the first temperature rise to 39«5°C or above coincident with

the presence of schizonts.

(b) Balofuginone lactate or hydrobromide was administered orally

as a drench: tablets were dissolved/suspended in 100 ml of water

at 1.2 mg/kg lactate or 1.5 mg/kg hydrobromide (1.0 mg/kg active

principle). Treatment comprised a single dose given on day TS + 2.

J+. 3 Experiment Design and Results

I4.3.I Treatment with 9930

(a) Experimental design: Three experiments were done, using six

pairs of calves, two pairs for each experiment.

Experiments 1 and 2: Two pairs of calves were inoculated with

lethal doses of T. annulata (Ankara) and the other two with T.

annulata (Hissar). One pair of the calves infected with T_. annul¬

ata (Hissar) was treated with one intramuscular dose of 20 mg/kg

of an experimental formulation of 993C on day 1, while a pair of

calves infected with T. annulata (Ankara) was given three doses

of the same compound for three days starting on day 10. The un¬

treated pair in each case acted as controls.

Experiment 3: Each of the four calves, 1535 l5i+» 155 and 156

was inoculated with 1.2 ml of T. annulata (Ankara) stabilate 19

subcutaneously over the left prescapular lymph node. Calves 1Sh

and 155 were each treated with a single intramusuciar dose of

compound 9930 at 20 mg/kg body weight on day 10 after primary

infection. The two untreated controls died on days 114. and 21

respectively. The treated calves recovered and were challenged on
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day 28 with lethal doses of the same stabilate. They resisted

the challenge infection and were subsequently splenectomised on

day 69 after primary infection and re-challenged on day 114;. They

resisted the re-challenge and were eventually shot on day 174*

(b) Results of treatment with compound 993C: The results are

summarised in Table 2. In addition, detailed data of calves 154

and 155 are presented in Figures 1 and 2 below, because the two

calves were the donors of effector cells, immune cells, and anti-

sera used in some of the experiments reported in Chapters 7 and 8.

Hence reference will be made to these data in the two chapters

mentioned.

Compound 993C administered during the patent disease reduced

both the parasitosis and parasitaemia levels, with prolongation of

reaction, clinical recovery and parasitaemia remission. Three of

the four calves treated with a single dose survived while the fourth

died on day 21. As for their controls, one survived, and the other

three died on days 11+, 17 and 21 respectively. Both calves treated

with three doses had apparently recovered by day 35 while the con¬

trols died on days 14 and 17 respectively.

The clinical data for both calves are summarised in Figures 1

and 2. Schizonts were first detected in the drainage lymph node

local to the site of sporozoite inoculation on day 5- This was

followed about two days later by a rise in body temperature. Con¬

comitant with the rise in temperature, there was first an appearance

of, then an increase in, intraerythrocytic piroplasms. The number

of infected lymphocytes also increased. Treatment of the calves
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with compound 993C on day 11 led to degeneration of both intra-

erythrocytic schizonts and intraerythrocytic piroplasms. On

recovery, however, calves remained piroplasm carriers. They re¬

sisted challenge infection with lethal doses of the same stabilate

given on day 28. There was neither a temperature nor a parasit-

aemic or parasitosis reaction. However, they continued to be

piroplasm carriers for at least three months during which time it

was possible to isolate, intermittently, schizont-infected lymphoid

cells in cultures, using the ammonium chloride lysis technique.

Splenectomy of the calves on day 69 after primary infection induced

a parasitaemic relapse, clinical anaemia and a temporary tempera¬

ture reaction only in calf However, there was no overt schizont

parasitosis in either. The second challenge (re-challenge) with

lethal doses of the same stabilate given on day 1lj5 after primary

infection did not induce a temperature reaction, nor parasitaemic

or parasitosis relapses. These calves were therefore presumed to be

solidly immune.

1+.3.2 Treatment with halofuginone

(a) Experimental design: Four experiments were conducted in order

to test the activity of halofuginone (Schein and Yoigt, 1979) against

T. annulata (Ankara) and T. parva (Muguga).

Experiment 1+ : Two pairs of calves were inoculated with lethal

doses of T. annulata (Ankara) stabilate 3. One pair was treated

with a single oral dose of halofuginone at 1.5 mg/kg on day 10. The

other pair was left as untreated controls. The treated pair sur¬

vived while "the controls died. The survivors, together with a fresh

pair of controls, were challenged with lethal doses of T. annulata

(Hissar) stabilate 7 on day 33 after primary infection. The fresh
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pair of controls had been treated with halofuginone at 1.5 mg/kg

per os several days prior to infection.

Experiment 5; Infections were initiated in eight calves by

inoculation of lethal doses of T. parva (Muguga) stabilate 12.

Two calves were each given a single oral dose of halofuginone at

1.2 mg/kg on day 8, two on day 11 and four were left untreated.

All four treated calves and two of the untreated controls survived

and on day 28 of primaiy infection, one pair (a treated and a con¬

trol animal) were challenged with a lethal dose of T. annulata

(Ankara) stabilate 13 while a second pair were challenged with T.

annulata (Hissar) stabilate 1l+ (Table ij.b).

Experiment 6: Two pairs of calves were infected with lethal

doses of T. annulata (Ankara) stabilate 13. One pair was treated

with a single dose of halofuginone lactate administered orally at

1.2 mg/kg on day 10 while a second pair was left to act as controls.

Experiment 7: Each of the two calves, 159 and. 160 was inoculated

with 1.2 ml of T. annulata (Ankara) stabilate 19. They were treated

on day 13 of primary infection with a single oral dose of halofuginone

lactate at 1.2 mg/kg. Calf 159 recovered and was challenged with a

lethal dose of the same stabilate seven weeks after primary infection.

It resisted the challenge infection, and was later shot on day 70

after the primary infection. Calf 160 did not recover from the

primary infection and died on day 22.

(b) Results of treatment with halofuginone: The results are summar¬

ised in Table 3« In addition, detailed clinical data for calves

159 and 160 are given in Figures 3 and. hi because these calves were

the donors of effector cells used in some of the experiments reported
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in Chapter 7» and calf 159 was the donor of the antisera used in

some of the experiments reported in Chapter 8, reference was

therefore made to these data in these chapters.

Administration of a single oral dose of halofuginone at 1.2

mg/kg or 1.5 mg/kg body weight during the patent disease reactions

of calves exhibiting schizonts and piroplasms led to reduction

in both the number of parasites and the fever. This was followed by

clinical recovery with parasitaemic remission. All the six control

calves infected with T. annulata (Ankara) died while the two con¬

trol calves infected with T. parva (Muguga) survived.

The 1.5 mg/kg body weight dose of halofuginone was toxic when

administered to healthy or infected calves. The toxicity signs

noted were colic and diarrhoea for two to three days after treatment.

Calves immunized against T. parva (Muguga) were fully suscept¬

ible to both the Ankara and Hissar strains of T. annulata while

calves immunized against T. annulata (Ankara) resisted challenge

with the heterologous Hissar strain of T. annulata (Table 4).

The detailed clinical data for calves 159 and 160 are summarised

in Figures 3 and ij.. Macroschizonts were detected in the lymph node

biopsies from day 5 of infection onwards. The febrile response in

both animals was noted from the second week concomitant with a rise

in the piroplasm parasitaemia. The fever in calf 160 was prolonged

and the parasitosis was very high during this period; the calf

finally died on day 22. The parasitaemia, parasitosis and fever

in calf 159 regressed gradually following the administration of the

drug, and eventually the calf recovered. Piroplasms and schizonts

were not detectable in this calf after four weeks of infection.
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b'3-3 Initiation of cell cultures from calves infected with the

Ankara and Hissar strains of T. annulata

(a) Control calves: Attempts were made to initiate cultures from

two untreated calves, numbers 695 and 696 on days 7? 10 and 1ij. of

infection using (i) biopsy material from the local drainage pres-

capular lymph node (LPN), (ii) buffy coat cells separated on

Ficoll-Paque (BC-FP) and (iii) buffy coat cells separated by

ammonium chloride lysis (BC-NH^Cl) as described in Chapter 3*11•
Results are presented in Table $. As can be seen from this table,

cultures could be isolated as early as day 7 of infection using

the lymph node material while it was not possible to establish cul¬

tures using the BC-FP cells isolated on the same day. Cultures,

were however, established using BC-MH^C1 cells isolated from day 10.
(b) Initiation of cultures from calves treated with halofuginone and

their controls: Attempts were made to establish cell cultures from

lymph node biopsies or peripheral blood leucocytes from calves be¬

fore and after treatment as a further monitor of the efficacy of

halofuginone.

In the first experiment, attempts were made to isolate cell

cultures from two calves, numbers 99 and- 100, 5> 6 and 9 days after

treatment, using medium supplemented with foetal calf serum (FCS).

In another experiment, materials were collected from calves 691 and

692 on days 0 and 2 after treatment and the medium used was supple¬

mented with FCS or normal bovine serum (NBS). Materials collected

from untreated calves 98, 693 and 69!+ were used as controls in

both experiments.
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Results are summarised in Tables 6 and 7* As can be seen

from the tables, cell cultures were established over the same time

period using PCS or NBS. Treatment of calves did not appear to

have influence over the time in which transformed cell lines were

initiated by comparison with the controls. Comparing the three

methods used to obtain infected material, cell lines became

established earliest from lymph node biopsy material.



Table2aExperimentalchemotherapyofTheileriaannulata(Hissar)infectionwithCompound993ConDayTS+2 Animal No.

Weight Kg

Treatment
Prepatent period^

Incubation
O

period*1

3

Schizonts

Piroplasms peak parasitaemia
Anaemia *maximum

PCVreduction
Thrombocyte counts x103/p1

Death

38

77

20mg/kg i.m.

7

9

Ma+++ Mi

Day15

83.0% Day19

65-5% Day19

137
Day13

Day21

447

95

20mg/kg i.m.

5

9

Ma+++ Mi+
Day14

43.0% Day21

42.3% Day26

188
Day16

-co
v£> •

37

75

Untreated control

7

9

Ma+++ Mi+
Day14

32.0% Day14

67.6% Day19

170 Day13

-

73

123

Untreated control

6

9

Ma+++ Mi+
Day14

60.0% Day14

Day14

160 Day13

Day21

Prepatentperiod:daysafterinfectionwhenschizontswerefirstseeninlocaldrainagelymphnode Incubationperiod;daystoTS(temperatureriseto39•5Coraboveafterschizontsweredetected) JPeaknumbersofmacroschizonts(Ma)andmicroschizonts(Mi) Ma+=<1infectedcellperfield,(x1000) Ma++=atleast1infectedcellseenperfield(x1000) Ma+++=1-2ormoreperfield(x1000) *Maximum%reductionofbay0PCV i.m.=intramuscular



Table2bExperimentalchemotherapyofTheileriaannulata(Ankara)infectionwithCompound9930onbay TS±2,?T1+
Animal No.

Weight Kg

Treatment
Prepatent period

Incubation period

Schizonts

Piroplasms peak parasitaemia

Anaemia maximum
PCVreduction

Death

75 77

60 68

20mg/kg i.m.
20mg/kg i.m.

5 5

8 8

Ma+++ Mi++ Day19 Ma+++ Mi++ Day19

15-0% Day12 13.0% Day12

65-7%
Day28 U5.5%

Day28

-

76

60

Untreated control

5

8

Ma+++ Mi+++ Day11+

98.0%
Day16

63-y/o
Day11+

Day17

78

56

Untreated control

5

9

Ma+-H- Mi+ Day12

95.0% Day13

62.9%
Day13

Day11+



Table2cExperimentalchemotherapyofTheileriaarmulata(Ankara)withCompound993ConBayTS+2 AnimalWeight„..PrepatentIncubation_...pir°PlfsmsThrombocyte ,T,,Treatment.,.,SchizontspeakmaximumcountsDeath"°-"«perl0iperiod parasitaemiaPGVreductionx1o3/pl 151,Ik20.mg/ke
i.m.

Ma+++ Mi++ Lay12

13-0% Day20

kb.8%
Day20

186.0 Day11

16678206i.m.

Ma+++ Mi++ Day12

10.0% Day20

50.0%
Day26

269.O
Day13

16365
Untreated, control

Ma+++ Mi+-H- Day13

63.0% Day18

80.0%
Day21

97.O
Day15

Day 21

156

66

Untreated control

Ma+++ Mi+-H- Day13

96.0% Day11+

81.3%
Day11+

87.O
Day13

Day 11+



Table3aExperimentalchemotherapyofTheileriaannulata(Ankara)infectionswithhalofuginonelactate onDayTS+2orTS+2,21
Animal No.

Weight Kg

Treatment

Prepatent period

Incubation period

Schizonts

Piroplasms peak parasitaemia

Anaemia maximum
PCVreduction

Death

691

59

1.2mg/kg *halofuginone lactateperos
5

8

Ma+++ Mi+ Day11

39.8% Day1l+

63.9% Day20

Day21

692

58

1.2mg/kg **halofuginone lactateperos
6

10

Ma+++ Mi+++ Day13

33.5% Day22

5Wo Day2k

-

693

60

Untreated control

5

8

Ma+++ Mi++ Day11;

99.3% Day15

55.9% Day16

Day17

691+

86

Untreated control

5

10

Ma+++ Mi+ Day11+

97.8% Day15

514.8% Day15

Day16

^TreatmentonDayTS+2 **TreatmentonDaysTS+2andTS+21



Table3bExperimentalchemotherapyofTheileriaannulata(Ankara)withhalofuginonehydrobromideon DayTS+2
Animal No.

Weight Kg

Treatment

Prepatent period

Incubation period

Schizonts

Piroplasms peak parasitaemia

Anaemia maximum
PCVreduction

Death

99

100

55 77

1.5rag/kg halofuginone hydrobromide peros
1.5mg/kg halofuginone hydrobromide peros

Ma-n-+ Day10 Ma+++ Mi+ Day10

18.5% Day22 28.0% Day20

63-3% Day19 38.7% Day19

97

52

Untreated control

Ma+++ Mi+++ Day12

92.0% Day13

141.8% Day13

Day15

98

59

Untreated control

Maiiii Mi+++ Day12

95.0% Day16

71.1$ Day16

Day17



Table3cTreatmentofTheileriaannulata(Ankara)infectionswithhalofuginonelactateonDayTS+2
Minimum

AnimalWeight„.,PrepatentIncubationc,..PiroplasmsAnaemiathrombocyte No.KgTreatmentiodiodSchizontspeakmaximumtsDeath parasitaemiaPCVreductionx10-yml
159

61

1.2mg/kg halofuginone lactate peros

Ma+++ Mi+++ Lay13

10.0% Day18

61+.0% Day20

160
Day13

160

59

1.2mg/kg halofuginone lactate peros

Ma+++ Mi-H-+ Day15

1+6.0% Day20

80.0% Day22

201+
Day11

Day22



Table3d.ExperimentalchemotherapyofT.parva(Muguga)infectionwithhalofuginonelactateonDayTS+2 Animal No.

Weight Kg

Treatment

Prepatent period

Incubation period

Schizonts

Piroplasms peak parasitaemia

Anaemia maximum
PCVreduction

Death

695

163

1.2mg/kg halofuginone lactateper03
8

12

Ma+
Day8

<1.0% Day15

3b-b% Day17

-

696

173

1.2mg/kg halofuginone lactateperos
8

12

Ma+
Day8

<1.0% Day15

36.14% Day17

-

111+

123

1.2mg/kg halofuginone lactateperos
b

6

Ma+++ DayIJ4

1.5%
Day2b

N.D.

-

116

1114

1.2mg/kg halofuginone lactateperos
b

6

Ma++ Day6

<1.0% Day19

N.D.

-

697

160

Untreated control

7

10

Ma+++ Day11+

<1.0% Day13

1+5.9% Day17

-

698

150

Untreated control

7

10

Ma++ Day15

2.0%
Day17

50.0% Day15

-

112

107

Untreated control

b

6

Ma+++ Day10

-

N.D.*

Day13

113

109

Untreated control

b

6

Ma+++ Mi+ Day13

16.0%

N.D.*

Day17

N.D.=Notdone



TableUaChallengeofT.annulata(Ankara)recoveredcalveswithT.annulata(Hissar) AnimalWeight No.Kg

History

PrepatentIncubation periodperiod

PiroplasmsAnaemia
SchizontspeakmaximumDeath parasitaemiaPCVreduction

99

T.annulata
55(Ankara) immune

Ma+
Day5

3-5%
Day12

21.1% Day19

100 105 106

77 5k

T.annulata (Ankara) immune susceptible control susceptible control

10 10

Ma+++ Mi+ Day11 Ma+++ Mi+++ Day11+

k.o%
Day5 16.0% Day 58.0% Day19

k.y/o
Day5 1+6.9% Day19 60.6% Day19

Day20* Day20*

vo

ON

*Shotinextremis



TablelibChallengeofT.parva(Muguga)-recoveredcalveswithT.annulata(AnkaraorHissar) AnimalWeight No.Kg

History

ErepatentIncubation....Miopias®.Anaemia .jSchizontspeakmaximum
penopeno parasitaemiaPCVreduction

Heath

696173
T.parva(Muguga)- immunechallenged with

T.annulata(Ankara)

Ma+++ Mi+ Hay13

92.5% Hay11+

63.0% Hay11|

Hay15

698150
T.parva(Muguga)- immunechallenged with

T.annulata(Ankara)

Ma+++ Mi++ Hay13

97-0% Hay15

65-5% Hay15

Hay16

695163
T.parva(Muguga)- immunechallenged with

T.annulata(Hissar)

Ma++++ Mi+ Hay15

76.5% Hay16

70.3°/o Day17

Hay17

697160
T.parva(Muguga)- immunechallenged with

T.annulata(Hissar)

10

Ma+++ Mi+ Hay15

91.5% Hay16

58.6% Bay16

Day17



Table5>InitiationofculturesfromtwocalvesinfectedwithT.annulata(AnkaraorHissar) Calf No.

Parasite

Dayof isolation

Dayofobservation

Material

0

10

11

13

695

T.annulata (Hissar)

7 7

LPN BC-FP+

NPS NPS

NPS NPS

NPS

Ma++ NPS

P

Ma+++

TUT+++Ma

NPS

NPS

10

BC-NH,CI
1+

NPS

NPS

Ma++

P

TUT+"H" Ma

11+

BC-FP

NPS

NPS

Ma+P

696

T.annulata (Ankara)

7 7

LPN BC-FP+

NPS NPS

NPS NPS

NPS

Ma++ NPS

P

M+—t—hMa

NPS

NPS

10

BC-NH^Cl

NPS

NPS

,,+4- Ma

P

mr11Ma

11+

BC-FP

NPS

NPS

Ma+P

vo

OD

P=Passage(Subculture)NPS=Noparasiteseen +BC-FPculturesseededonday7werediscarded18dayslaterbecausenearlyallcellsweredead LPN=Localdrainagelymphnode(usuallyprescapular)biopsymaterial. BC-FP=BuffycoatcellsseparatedonFicollPaque BC-NH^C1=Buffycoatcellsseparatedbyammoniumlysis. Cultureswereinitiatedbyseeding2x10^ cells/ml,suspendedingrowthmedium,inawellofaCostarplate.



Table6Initiationofculturesfromhalofuginone-treatedandnon-treatedT.annulata(Ankara)- infectedcalves
CalfDayof„,., No.ParasiteTreatmentisolationMa"er:i-al03

Dayofobservation
7

98T.annulata (Ankara)

Control

16 19 15

LPN

MaMa
BC-PPNPSMa

Ma

Ma

++

Ma

+++
Ma

++

MTvMaP Ma+++P

BC-NH^ClNPSMa+Ma"""*" Mi+Ma"^Mi+Ma+++P
99T.annulata1.2rng/kg(Ankara)peros

Day10

16 19 15

LPN BC-PP

Ma+Ma+ NPSMa
BC-NH^C1NPSMa

Ma Ma Ma

++

MaMaP Ma

++

Ma

+++

P P

100T.annulata1.2mg/kg(Ankara)peros
Day10

16 19 19

LPN BC-FP

Ma+Ma++Ma+++P NPSMa
BC-NH^C1NPSMa1"

Ma Ma

t-+

Ma
Ma

Ma

+++ +++

+++
Ma Ma+++P Ma+++P



Table7Initiationofculturesfromhalofuginone-treatedandnon-treatedT.annulata(Ankara)-infected calvescomparingtheefficiencyoffoetalcalfserum(PCS)andnormalbovineserum(NBS)
Calf No.

Parasite

Treatment

Dayof isolation
MaterialSerum

Dayofobservation 713

16

691T.a.(A)
Halofuginone12 1.2mg/kg Day1012
BCNH,CI

4

BCNH^Cl

PCS NBS

Ma Ma

Ma Ma

Ma

++

Ma

++

Ma Ma'

692T.a.(A)
Halofuginone12 1.2mg/kg Day1212
BCNH^Cl BCNH^Cl

PCS NBS

NPS NPS

NPS NPS

Ma Ma4

Ma Ma

f++

o o

693T.a.(A)Control
12 12

BCNH^Cl BCNH^Cl

PCS NBS

NPS Ma

NPS Ma

Ma Ma4

Ma Ma'

+++

69UT.a.(A)Control
12

BCNH^Cl

PCS

Ma4"

Ma4"

Ma4"4"

Ma4"4"4"

12

BCNH^Cl

NBS

Ma4"

Ma4"

Ma"""

Ma444

12

BC-PP

PCS

Ma4"

Ma4"4"

Ma4"""

Ma44"4"

12

BC-PP

NBS

Ma+

Ma4"4"

Ma4"""

Ma44"4

12

LPN

PCS

Ma4"4"

Ma"""4" Mi4"
Ma4"4"4" Mi4"
Ma444

12

LPN

NBS

Ma"""

TUT+++Ma

TUTIII' TUT-"I" MaMi

Ma444"



Figure 1 Clinical pattern of calf 15U» infected with a

stabilate of T. annulata (Ankara) sporozoites
before and after treatment with compound 993C

(20 mg/kg, i.m.) on day TS + 2 of primary
infection.

■ Temperature

• Macroschizont-infected cells: •= Ma+,
• •= Ma++, •••= Ma"1"4-*"

oMicroschizont-infected cells: 0= Mi

a % Piroplasms in erythrocytes (parasitaemia)

Figure 2 Clinical pattern of calf 155> infected with a

stabilate of T. annulata (Ankara) sporozoites
before and after treatment with compound 993C

(20 mg/kg, i.m.) on day TS + 2 of primary
infection.

■ Temperature

• Macroschizont-infected cells: • = Ma+
• • •= Ma+++

oMicroschizont-infected cells: 0= Mi+
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Figure 3 Clinical pattern of calf ^3, infected with a

stabilate of T. annulata (Ankara) sporozoites,
before and after treatment with halofuginone

(1.2 mg/kg, per os) on day TS + 2.
■ Temperature
• Macroschizont-infected cells+ • = Ma+

•• = Ma++, •••= Mam
[■ |- j■

O Microschizont-infected cells :ooo= Mi

a % Piroplasms in erythrocytes (parasitaemia)

Figure k Clinical pattern of calf 160, infected with a

stabilate of T. annulata (Ankara) sporozoite,
before and after treatment with halofuginone

(1.2 mg/kg, per os) on day TS + 2.
■ Temperature
• Macroschizont-infected cells: •= Ma+

•• = Ma++, ••• = Ma+++, ••••= Ma*4-1-1"
i |

oMicroschizont-infected cells: oo= Mi

ooo = Mi"H~t", ooo o = Mi++++
D % Piroplasms in erythrocytes (parasitaemia)
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l+.ij. Conclusion

These studies have demonstrated that it is feasible to

treat acute, fulminating theileriosis with halofuginone (Hoechst;

Roussel Uclaf) or compound 9930 (Wellcome). Both these drugs

administered to calves exhibiting both schizonts and piroplasms

during patent disease reaction exerted significant anti-theilerial

effect, inducing parasitaemic remission and either prolongation

of reaction or clinical recovery. Compound 993C administered in

either one or three doses was more effective against piroplasms

than schizonts.

Balofuginone was also effective against schizonts, causing

degeneration and distinct reduction in numbers 3-^- days after

treatment. However, it was evident that with both drugs, more

than one dose was needed to prevent relapses.

Calves that recovered from infection with TL annulata

(Ankara) were solidly immune against homologous challenge or hetero¬

logous challenge with the Hissar strain. This indicated that the

two parasites were either disparate isolates belonging to the same

strain, or if they were different strains, then there was cross-

protection between them. Calves immunized against T. parva (Muguga)

were fully susceptible to both Oh annulata (Ankara) and (Hissar)

strains indicating that there was no cross protection between the

two species used.

It has also been demonstrated that isolation of either lymph

node biopsy material or peripheral blood leucocytes from treated

and non-treated cattle is a sensitive technique for establishment
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of infected cell cultures. Lymph node material appeared to be

more suitable. There is however a possibility of getting

negative results, whereby infected cell lines are not established

although the donor cattle are infected, albeit with a low para¬

sitosis.
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CHAPTER FIVE

isolation and infection op bovine peripheral blood leucocytes (pbl)

5.1 Introduction

The separation and collection of cellular elements of peri¬

pheral blood is a technology that opens up new areas of research,

such as the study of the genetic and chromosomal content of cells,

the growth of cells in vitro to elucidate their functional character¬

istics and the study of antigen specific and immune competent cells

(Preirech, 1977)•

The requirements for any method of cell separation, of simpli¬

city, quantitative recovery, purity of cell type and maintenance of

cell integrity and viability while not mutually exclusive, do not

seem to be entirely compatible with each other, and it would seem

that often one must sacrifice one requirement to gain another (Cutts,

1970). Since no single method appears to be satisfactory for all

purposes, it has become necessary for an investigator to select a

method which will yield leucocytes in conditions best suited for a

particular use (Cutts ibid.).

In order to attribute specific functions or properties to

specific cell populations, different cell types have to be separated

or identified.

Immunological phenomena involve complex interactions between

thymus-derived (T) lymphocytes and bone marrow-derived (b) lympho¬

cytes, and indeed, sub-populations of both. Generally, these hetero¬

geneous subclasses of lymphocytes are morphologically indistinguish¬

able. A variety of techniques have recently been developed for the

isolation of b and T lymphocytes. A number of these methods are
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based on different physico-chemical properties of the lymphocyte

sub-populations, notably, surface adherence, ability to bind to

sheep erythrocytes directly or to sheep cells coated with antibody

or antibody and complement (WHO, 197^4-? Higgins, 1981), size, density

and surface charge.

There is, unfortunately, considerable overlap between the

populations isolated. However, most of these methods do allow con¬

siderable enrichment of particular cell populations and can be used

for the separation of large numbers of cells. On the other hand,

in some procedures, quantitative recovery of both depleted and

enriched populations is often difficult to achieve.

Treatment of EBL with carbonyl iron followed by the removal of

cells that ingest carbonyl iron particles provides a source of macro¬

phage-depleted cells (Usinger et al., 1981)- Specific depletion

of monocytes from lymphocyte suspensions is commonly accomplished

by filtration over an appropriate matrix with a large surface such

as glass beads or Sephadex G—10.

Classically, monocyte purification has been achieved by allowing

the cells to adhere to a glass or plastic surface (Bloom and Bennett,

1966) followed by detachment using EDTA and/or mechanical means.

Column purification of mouse cells using nylon wool yielded eluates

of enriched T cells (Julius et al., 1973)- Tha technique has been

used in human (Greaves et al., 1976) and bovine (Grewal et al., 197&)

systems to separate nylon wool adherent (B-enriched) and non-adherent

(T-enriched) cells.

Development of techniques for the identification of surface

membrane markers in man and animals has made it possible to identify
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and quantify T and B lymphocytes. T lymphocytes can he identified

hy their ability to form spontaneous rosettes with unsensitised sheep

erythrocytes (E) in vitro (jondal, 1976). In contrast, B lymphocytes

with their unique surface membrane properties do not form rosettes

with untreated sheep erythrocytes, but will only rosette with anti-

body- or antibody and complement-coated sheep erythrocytes forming

EA- and EAC-rosettes respectively (WHO, 197^> Higgins, 1981). B

lymphocytes also possess surface immunoglobulins (SIg) which are

easily detectable by staining with fluoresceinated anti-immunoglobulin

(ig).

The specificity of E-rosette formation allows for the identi¬

fication and quantification of T lymphocytes present in lymphoid cell

preparations. In addition to the identification and enumeration of

T cells, the phenomenon of spontaneous rosette formation also allows

the separation of T cells from B cells by sedimentation of the

rosetted cells through a gradient (Madsen et al., 1980).

Bovine T cells are fastidious in their requirements for E-rosette

formation and usually very few untreated sheep red blood cells (SRBC)

or lymphocytes can form rosettes. Recently, however, treatment of

the SRBC has been used to increase the number of lymphocytes forming

E-rosettes. Neuraminidase treatment of SRBC has been used to obtain

improved formation of E rosettes (Grewal et al., 1978; Reeves and

Renshow, 1978). Buffers containing gelatin have been found to

enhance rosette formation (Higgins and Stack, 1978), and the use of

a combination of dextran and 2-aminoethylisothiouronium bromide

(AET) gave highly satisfactory results (Grewal and Babiuk, 1978;

Paul et al., 1979b).
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Very little has been done to separate bovine leucocytes into

different sub-populations. The majority of information on separ¬

ation of blood leucocytes into different functional sub-populations

concerns rodents and man and it remains to be seen if the tech¬

niques established in these species apply equally to the bovine.

Investigations which were intended to define the target cells

in bovine FBI infected by sporozoites of Theileria annulata and

Theileria parva were undertaken. A preliminary experiment was done

in order to assess the effect of different methods of anticoagul¬

ation on the final cell yield obtained from bovine blood. Further

experiments were designed to assess the efficacy of the following

techniques to separate FBI into different sub-populations: (1) plas¬

tic surface adherence; (2) E-rosette sedimentation through Ficoll-

Paque gradients and (3) passage through nylon wool columns. The

infectibility of the separated cells was then tested using T.

annulata and T. parva sporozoites. Already established T. annulata

and T. parva cell lines were also characterised for their surface

markers using immunofluorescence and rosette techniques.

5.2 Comparison of the Effect of Different Methods of Anticoagulation

on the Final Cell Yield Obtained from Bovine Blood

5.2.1 Introduction

The separation of leucocytes from blood is attended by a

number of technical considerations beginning with the initial hand¬

ling of blood specimens. The first consideration is the method

of rendering the blood non-coagulable and this can be achieved by

defibrination, by the addition of chemical anticoagulants or by
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passing the blood through ion-exchange columns (Cutts, 1970)•

However, there are no reports of comparative studies to determine

the influence of any one of the above methods for inhibiting coagul¬

ation on the leucocyte yield from bovine peripheral blood. In the

present study, a comparison was made between the anticoagulants

heparin, disodium salt of ethylene diamine tetra-acetic acid (EDTA)

and acid citrate dextrose (ACD) formula A. These in turn were com¬

pared with defibrination to determine their suitability. An assess¬

ment was made on the basis of cell yield, purity, morphology and

viability soon after isolation.

5.2.2 Materials and methods

(a) Isolation of bovine peripheral blood leucocytes: Steer

i+6 and an Ayrshire male calf, No. 11]+, were the sources of blood.

Fifty ml of defibrinated blood or blood collected in EDTA (1-5 mg/ml

of blood), heparin (50 i.u./ml of blood) or ACD (1 part ACD:i+ parts

of blood) from each of the two animals was used for the isolation

of PEL. Blood was centrifuged as described in Section 3*6 and the

buffy coat from each sample was resuspended in PBS up to a volume

of 12 ml. The buffy coat cell suspension was then split into

2 x 6 ml aliquots. One aliquot was used for the isolation of FBL

by Ficoll-Paque sedimentation and the other by ammonium chloride

lysis as described in Section 3*6. The PEL isolated by ammonium

chloride in this study were washed three times in PBS at 300 g for

five minutes because the unwashed cells tended to form clumps that

blocked the Coulter counter tube.
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(b) Enumeration: The concentration of leucocytes in each sample

at each stage of the separation procedures was determined using an

electronic particle counter. The final cell yields were additionally

counted in an improved Neubauer haemocytometer, and the results were

expressed as a mean of the two determinations.

(c) Differential leucocyte counts: Cytocentrifuge smears pre¬

pared from EBL suspension were air-dried, fixed and stained with

Giemsa. They were then examined for differential counts and plate¬

let and red blood cell contamination by light microscopy. At least

I4OO leucocytes were counted per slide.

(d) Viability: The viability of the final cell yields was deter¬

mined by the trypan blue dye exclusion test as described in Section

3.12.

5.2.3 Results

(a) Comparison of cell yields from blood collected into the

three anticoagulants: The separation efficiency and the leucocyte

yields, presented in Table 8 and Appendix Table 1 , were based on

two determinations. Although the data were not analysed statistic¬

ally, the results presented in Table 8 show that the overall cell

recovery was higher for the ammonium chloride lysis method (22.1-

35.1%) than the Eicoll-Paque sedimentation (18.5-25-1%)• The

viability of the isolated cells was greater than 9&%, for both

separation methods, as measured by the trypan blue dye exclusion test.

Details of the differential white cell counts, platelet and red blood

cell contamination are presented in Appendix Table 2. Minimum per¬

centages of mononuclear cells in the final cell yield were 77 f°^
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ammonium chloride lysis and 97 for "the Ficoll-Paque sedimentation.

There were more neutrophils among the cells isolated by the ammon¬

ium chloride lysis method (maximum 1lj..5% than in the cells isolated

by Ficoll-Paque sedimentation (maximum 2.5%). Basophils and eosino¬

phils were only occasionally seen, mostly among the cells separated

by ammonium chloride lysis, and never exceeded 2% of the total.

Cell morphology was normal in all cases both for the mononuclear

cells and the few granulocytes seen. Contamination of the cell

yields by erythrocytes and platelets was not very high. The highest

platelet and erythrocyte contaminations were 26.5 and 23.0 per 100

leucocytes respectively. In general more platelets were observed

in the ammonium chloride lysis-isolated cells than the cells iso¬

lated on Ficoll-Paque.

(b) Comparison between cells obtained from defibrinated blood

and blood taken into EDTA: Since there were no differences between

the cells isolated from blood samples collected into the three anti¬

coagulants, a representative anticoagulant, EDTA, was chosen and

compared with defibrination. The results are shown in Table 9 and

Appendix Tables 3 and !|.. The data presented in the Appendix Table

3 show that cell yields from EDTA-treated blood were higher than

the yields from defibrinated blood. However, there were no big

differences between the percentages of cells recovered from the

two blood samples. Cell recovery by ammonium chloride lysis was

higher (23-3-31.0%) than by Ficoll-Paque (17-5-22.6%). The data

presented in Appendix Table I4 show that there was no platelet

contamination in any of the cells isolated from defibrinated blood.
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The platelet contamination in the EDTA-treated blood was 10.5-1U

cells per 100 leucocytes. The erythrocyte contamination ranged

from 0.5-3.0 and 6.5-23 per 100 leucocytes for ammonium chloride

lysis and the Ficoll-Paque technique respectively. There were

no granulocytes among the cells isolated from defibrinated blood

by the Ficoll-Paque method (Plate 1).

The leucocytes isolated on Ficoll-Paque from the two blood

samples were characterised for their surface receptors using E-,

EA-, and EAC-rosette assays as described in Section 5«^.2 (e).

The results of these tests are presented in Table 10. As can be

seen from the table, PBL from the EDTA-treated blood contained

the highest percentages of EA- and EAC-rosette-forming cells (26.0%

and 20.3% respectively). PBL from defibrinated blood contained

the highest percentage of E-rosette-forming cells (56.6%).



Table8Separationofmononuclearcellsfrombovineperipheralbloodcollectedintothreeanticoagulants ExperimentCow.,.,,%Recovery%Viabilityfrn"̂ty No.No.Ficoll-PaqueNH,CIlysisFicoll-PaqueNH,CIlysis^°"onuclef^uUJukFicoll-PaqueNH^Cllysis
I

he

ACD

23.8

35.7

98.0

97.0

98.0

89.0

EDTA

20.

33-8

99.0

98.0

99.0

86.0

Heparin

18.8

26.1

97.0

97.0

99.0

85.0

111+

ACD

2l+.1

3U.1

97.0

97-0

97-0

91.0

EDTA

25.1

30.3

98.0

98.0

98.0

88.0

Heparin

21*.5

27.0

97.0

97.0

98.0

85.0

II

be

ACD

20.0

32.7

98.0

97.0

98.0

87.0

EDTA

23.7

31.6

99-0

99.0

100.0

86.0

Heparin

22.0

26.1

97.0

98.0

97.0

82.0

11U

ACD

19.5

21+.9

97-0

99.0

98.0

89.0

EDTA

18.5

22.1

99.0

98.0

100.0

87.0

Heparin

18.6

22.1+

97.0

97.0

97.0

77-0

DatapresentedasMeanoftwocounts



Table9SeparationofmononuclearcellsfromEDTA-treatedanddefibrinatedblood ExperimentCowMethodof%Recovery%Viability%Purity No.No.anticoagulationFicoll-PaqueNH.CIlysisFicoll-PaqueNHiCIlysis(Mononuclearcells)hhFicoll-PaqueNH|^C1lysis
I

1|6

EDTA

20.0

31.0

98.0

97.0

98.0

91+.0

he

Defibrination

18.1

2£.2

99.0

98.0

100.0

99.0

111+

EDTA

13.3

21+.8

97.0

97-0

97.0

87.0

iii+

Defibrination

21+.2

30.7

99.0

99.0

100.0

98.0

II

1+6

EDTA

22.6

2^.1

98.0

97.0

100.0

88.0

1+6

Defibrination

21.6

28.8

98.0

99.0

100.0

99.0

111+

EDTA

20.5

29.5

97.0

97.0

99.0

86.0

111+

Defibrination

17.5

28.1

99-0

98.0

99.0

99.0

DotapresentedasMeanoftwocounts



115.

Table 10 Rosette formation by PBL and SRBC treated in different

ways

Percentage of lymphocytes forming rosettes
with SRBC treated as indicated below:

Source of PBL
SHBC-AET SEBC-IgG SRBC-IgG-C

(E-Rosettes) (EA-Rosettes) (EAC-Rosettes)
*Mean ± S.D. *Mean ± S.D. *Mean ± S.J).

Defibrinated blood 56.6 ± 3.0 19-0 ± 3.5 13.3 ± 3.8

EDTA blood 1+1.1 ± 2.6 26.0±1+.1 20.3 ± 1+.8

*Mean ± S.D. of three replicates

SEBC = Sheep red blood cells
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Plate 1 Bovine peripheral blood leucocytes (PBL) isolated
from defibrinated blood on Ficoll-Paque. Mono¬

cytes are arrowed. The rest of the cells are

lymphocytes.

(Giemsa stain, x 600)
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5.2.1+ Conclusion

The results presented in this study have shown that the

three anticoagulants used did not influence the final cell yields

in terms of quantity. However, in terms of purity, heparin gave

slightly less pure preparations of mononuclear cells than the other

two when cells were isolated by ammonium chloride lysis. This would

imply that there is less selection for mononuclear cells at the

buffy coat stage when blood is collected into heparin than when

the other two anticoagulants are used. Of interest to note was the

fact that defibrinated blood yielded EBL with over 38% mononuclear

cells even when the cells were isolated by the ammonium chloride

lysis method. This indicated that defibrination removed nearly all

the granulocytes. Defibrination also removed some of the cells

with Fc and receptors. This was reflected by the lower percent¬

ages of cells with these receptors in the defibrinated blood in

comparison with cells isolated from EDTA-treated blood.

5.3 Separation of Bovine Peripheral Blood Leucocytes (PBl) into

B- and T-enriched populations using E-rosette sedimentation

5.3.1 Introduction

Identification of lymphocyte sub-populations is of great

importance in understanding their function in health and disease.

Formation of spontaneous rosettes between human lymphocytes and

sheep erythrocytes (E-rosettes) has been demonstrated as a marker

for human T lymphocytes (jondal, 1976). It has also been reported

that the presence of receptors for B-rosette formation represents

a satisfactory marker for most if not all bovine T lymphocytes
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(Grewal et al., 1976; Wardley, 1977; Higgins and Stack, 1977a,b;

Paul et al., 1979a,b). Other workers have demonstrated that the

presence of the receptor for peanut agglutinin (PNA) on peripheral

blood lymphocytes is a reliable marker for bovine T lymphocytes

(Pearson et al., 1979a). As with other species, the presence of

surface immunoglobulin (SIg) has been used as a marker for bovine

B lymphocytes (Muscoplat et al., 197^-5 Kumar et al., 1978; Kately

and Bazzell, 1978; Paul et_ al., 1979a).

E-rosettes formed by bovine T cells and untreated sheep ery¬

throcytes are fragile and do not permit T cell purification by

separation from non-rosetting cells on density gradients (Higgins

and Stack, 19798). However, it has recently been demonstrated

that treatment of sheep erythrocytes with 2-aminoethylisothiouronium

bromide (AET) enhances formation of stable E-rosettes (E^grp), allowing

the separation of E-rosette forming cells (E-REC) and non-E-RFC by

gradient centrifugation (Madsen et al., 1980; Belden et al.. 1981).

This report describes the use of AET-treated sheep red blood

cells (SBBC) and Picoll-Paque gradient centrifugation to separate

bovine PBL into T-enriched and B-enriched cell populations.

5.3.2 Materials and methods

(a) Preparation of sheep red blood cells (SEBC): Sheep

blood was drawn aseptically into an equal volume of Alsever* s

solution (see Appendix 2 ) and the red blood cells (RBC) were

pelleted by centrifugation at i+OOg, I|°C for 15 minutes. Plasma

and all the buffy coat were carefully removed and discarded. The

EBC pellet was washed three times with PBS, pH 7*3 at 1+OOg, 15°C
for five minutes.
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(b) AET treatment of SRBC: The method of treatment was modified

after Kaplan and Clark (197U)• Briefly, a 1i+3mM solution of AET

(Sigma Chemicals Co.) was made by dissolving 0.9 g crystalline AET

in 12.5 ml of BBS. The pH was adjusted to 9-0 with 1 M NaOH

solution, and the resultant solution was sterilized by filtration.

One volume of packed SRBC was mixed with four volumes of freshly

prepared AET solution in a plastic universal bottle. The suspension

was thoroughly mixed and incubated for 20 minutes at 37°C, with

repeated mixing at five minute intervals. Following the 20 minutes

incubation period, the cells were washed four or more times with

cold PBS (i+°C) until the supernatant was clear. A 1% v/v suspension

of AET-treated SRBC was made in growth medium. This suspension was

kept at l4°C and was always used on the same day as it was prepared.

Peripheral blood leucocytes (PBL) were prepared from defibrinated

blood by the Ficoll-Paque centrifugation technique. The final cell

yield was adjusted to !|. x 10 viable cells/ml in growth medium.

(c) E-rosette technique: To detect E-rosette forming cells,

0.5 ml of PBL suspension at i| x 10^ cells/ml was mixed with 0.5 ml

of V/o AET-treated SRBC (SRBCA-prp) or untreated SRBC. The mixtures

were centrifuged at 200g, l4°C for five minutes, followed by incubation

at l4°C for 0, i, -J-, 1, 2 or 2iq hours. After each incubation period,

cells were gently but thoroughly resuspended. Aliquots were obtained

from each tube, mixed with an equal volume of 0.2% trypan blue and

after gentle resuspension using a wide-bore pasteur pipette, cells

were dispensed into an improved Neubauer haemocytometer counting

chamber and counted. Lymphocytes with three or more SRBC firmly
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attached were counted as rosettes (E-rosettes). All tests were

done in triplicate. At least 300 lymphocytes per sample were

counted.

The AET-treated SEBC gave b3-S% (see also Plate 2b) and 1+7•9%

rosettes after two hour and 21+ hour incubation periods respectively.

Untreated SEBC gave k% rosettes after a two hour incubation period

(see also Plate 2a) and a maximum of 18% rosettes after a 2l+ hour

incubation period. A 21+ hour incubation period and AET-treated

SEBC were therefore used in all the subsequent experiments.

(d) Separation of E-rosette-forming cells (E-EFC) and non-E-

rosette-forming cells (non-E-EFC): For the separation of E-BFC

and non-E-EFC using EBL from defibrinated blood as starting material,

rosette formation was accomplished as for enumeration except that

10 ml of each PBL and AET-treated SEBC suspensions were pooled in

a universal bottle and incubated at 1+°C for two hours. After the

incubation period, 8 ml of cell-free supernatant was removed from

the bottle and the cells were gently resuspended in the remaining

12 ml. The cell mixture was gently layered onto 8 ml of Ficoll-

Paque and the interface was centrifuged at 800g for 20 minutes at

i+°C. Non-rosetting cells were harvested from the interface (Figure

5) and washed in 20 ml PBS.

The remaining Ficoll-Paque was discarded. The pellet and the

bottom of the gradient contained mainly the lymphocytes that formed

rosettes with SEBC and free SEBC. The pellet was resuspended by

vigorous pipetting in 5 ml of cold PBS and then subjected to 0.17M

NH^Cl treatment to lyse SEBC. Non-rosetting cells were also subjected
to 0.17M NH^Cl treatment. After two washes in cold PBS, cells were
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suspended in cold growth medium and counted in 0.2% trypan blue.

In order to test the efficacy of the separation procedure, rosette

and non-rosette fractions were characterised by surface receptors

and functional properties.

(e) Characterisation by surface receptors: (i) Sequential

E-rosette formation - Cells recovered from the interface and the

pellet were re-rosetted with AET-treated SEBC and the E-rosettes

were quantified.

(ii) Quantification of cells bearing surface immunoglobulin

(SIg) or peanut agglutinin (PNA) receptors - Determination of per¬

centages of cells in EBL, E-EEC and non-E-REC bearing SIg or PNA

receptors was done using a direct immunofluorescence test. Cells

were adjusted to a concentration of 2 x 10^/ml in the growth

medium. To 0.5 ml of these cells, 0.1 ml of a one in ten dilution

of fluorescein isothiocyanate-conjugated rabbit-antibovine imnruno-

globulin (PITC-IgG) (Miles ) or a one in 20 dilution of FITC-

conjugated peanut agglutinin (FITC-ENA) (Tissue Culture Services
27

Ltd. ) was added. The suspensions were mixed thoroughly and incubated

at 37°C in a water bath for five minutes then at ij.0C in an ice-bath

for 30 minutes with frequent mixing. Following incubation, the cells

were washed three times in cold FBS (l4°C) containing 0.02%(w/v)

sodium azide. The latter was used to stop capping (Hudson and Hay,

1981)- All supernatants were discarded and each cell pellet was

resuspended in 2-3 drops of 50% (v/v) cold, glycerol-FBS. A drop

was then transferred to a clean slide and covered with a coverslip.

The cells were examined under oil immersion for membrane fluorescence
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by alternating phase contrast microscopy and Ploem-incident light

fluorescence microscopy. The microscope used was a Leitz Orthoplan
23

(Ernst, Leitz ), equipped with HBO 200 mercury bulb, BG12, BG38

and KP500 interference filters, xi|0 phase contrast objective and

x10 periplan eyepieces.

The percentage of cells positive for SIg or PNA receptors

was determined by counting at least Ij.00 cells. Each test was done

in triplicate.

(f) Functional properties of PBL, E-RFC and non-E-EFC: Unsep-

arated PBL, E-KFC and non-E-EFC were assessed functionally by

their response to Con A stimulation and infectibility with T. ann-

ulata (Ankara or Hissar) sporozoites.

(g) Lectin stimulation: Various numbers of viable PBL, E-EFC

or non-E-EFC suspended in growth medium were plated out into the

wells of a flat bottom microtitre plate. Each well received 100 pil

of cell suspension. Cell densities ranged from 0.5 x 10^ to x 10^/
ml per well after addition of mitogen aliquots. Aliquots of 100 q.1

of the growth medium containing 5*0> 10.0, 20.0 or I4O.O Mg/ml Con A

were added to different wells. Each test was done in triplicate;

and the control wells received 100 nl of medium without mitogen.

Cultures were incubated at 37°C in a humidified atmosphere of 5% CO^
in air for three days and were then pulsed for 18 hours with 1.0 p.Ci

1 3
of H-TdE. Cultures were then harvested and H-TdE incorporation

was determined as described in Section 3*12.2.
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5.3-3 Results

(a) Separation of E-REC and non-E-REC on Ficoll-Paque: FBL

isolated from defibrinated blood were separated on the basis of

their capacity to form rosettes with AET-treated SRBC, into E-rosette-

forming cells (E-REC) and non-E-rosette-forming cells (non-E-REC).

The cell yield from the separation procedure and the percentage

rosettes for the different cell populations are presented in Table 11.

As can be seen from the table, k7 •9% of cells in unseparated EBL

formed rosettes with AET-treated SEBC (SRBC^grp). The E-RFC-enriched
and E-RFC-depleted populations comprised 51-9% and 23.1% respectively

of the initial EBL input.

(b) Characterisation of E-REC-enriched and E-REC-depleted cell

populations: (i) Sequential E-rosetting - E-RFC-enriched and E-REC-

depleted cell populations were assessed for rosette formation using

SEBCaeT' an^ "the results are presented in Table 11. The percentage
of rosettes was significantly increased (P < 0.01, t test) in the

REC-enriched population and significantly decreased (P < 0.01, t

test) in the RFC-depleted population, in comparison with EBL.

(ii) Detection of SIg and PNA-receptor bearing cells - PEL,

E-REC-enriched and E-REC-depleted cell populations were stained

and examined for SIg and PNA receptors, and the results are shown

in Table 12. The percentage of PNA positive cells in unseparated

PBL was I4.6.3%. After a single rosetting procedure, the E-REC-

enriched population contained a higher percentage of PNA positive

cells (79-0%) than the original PBL. On the other hand, signifi¬

cantly more cells were SIg positive in the E-REC-depleted population

than in either the unseparated PBL or the REC-enriched population

(Table 12).
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(iii) Mitogenic assay - To further characterise the separated

cells, their functional activity was assessed using in vitro blast

transformation. PBL and the separated cell populations were

cultured with mitogenic doses of Con A and the results of the assay

are presented in Figures 6 and 7 and. Appendix Table 5. From the

figures and the table, it can be seen that the proliferative

response to the T mitogen, Con A, was significantly higher in the

E-EFC than in either EBL or non-E-EFC. The non-E-RFC were the

least responsive of the three cell populations.



Table11TheCompositionofPopulationsofLymphocytesandPercentagesofLymphocytesformingE-rosettesbeforeand afterfractionation Non-fractionatedLymphocytes
ExperimentFBLusedin No.Rosetteassay

E-RFCwith SRBCNT (%)

E-RFC Recovered

FractionatedLymphocytes
E-RFC %

NonE-RFC Recovered

%

oftotalFBL
Non E-RFC

9.2x10'

88-0

8.7*10'

3.8x10
8

31.3x10' 82.8x10® 51.9x10®
89.02.5x10° 83-35-5x107 51.11.5x10® 51.99.7x107

51.3 65.5 82.6 53-7 51.3

80.0 77.7 80.8 72-3 72.2

1.2x10' 1.1x10® 2.6x107 9.3x107 8.1x107

12.8 29.7 18.6 32.7 21.7

90.2 91.2 95.8 92.1

Mean*S.D.2.1*1.2x10®87-9*8.01.2*0.8x10®51.9*8.276.6*8.15.7*8.3x10723.1*8.191.5*2.f E-RFC=Erosetteformingcells SRBCAET=SRBCtreatedwithAET
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Table 12 Characterization of the lymphocytes, separated by

E-rosette sedimentation, for their surface immuno¬

globulin (SIg) and peanut agglutinin (PHA) receptors

Cell population

Percentage of cells positive for:

SIg receptors
*Mean ± S.D.

PNA receptors
*Mean ± S.D.

Unseparated EBL

E-rosette-forming
cells (E-EFC)

23.8 ± 2.5

9.0 * h-2

U6.3 ± 3-9

79-6 ± 9.6

Non-E-rosette forming r-a r- + Q a

cells (Non-E-EEC) 5°*5 9-9 8.0 ± :.k

*Mean S.Do of three replicates
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MEDIUM

NON-ROSETTE-FORMING CELLS

FICOLL-PAQUE

ROSETTE-FORMING CELLS
+ SRBC

Figure 5 Schematic representation of E-rosette sedimentation on

Ficoll-Paque gradients after centrifugation (20 min, 800 g,

l4°C). The non-rosette-forming cells (B enriched) float on

the surface of the Ficoll-Paque while the E rosetted cells

(T enriched) settle to the bottom of the Ficoll-Paque along
with the free sheep red blood cells (SEBC).
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Figure 6 Con A stimulation and H-Tcffi. incorporation by FBI,

E-rosette-forming cell (E-BFC) enriched and E-BFC-

depleted cell populations: effect of cell concentration.
o o E-EFC-enriched

a A ebl
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Figure 7 Con A stimulation and -^H-TdR incorporation by FBL,
E-rosette—forming cell (E-RFC) enriched and E-RFC-

depleted cell populations: dose response

O o E-RFC-enriched

a A pel

• • B-RFG-depleted

Cells were seeded at 2.0 x 10^/ml

100
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Plate 2a E-rosettes formed by bovine lymphocytes and
untreated sheep red blood cells (SEBC). A

lymphocyte firmly binding three or more SEBC
was scored as an E-rosette (arrows),
x i+00

Plate 2b E-rosettes formed by bovine lymphocytes and
AET-treated SEBC. Note the enhancement of

E-rosette formation following the treatment
of SEBC.

x 1+00
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B'3-h Conclusion

The results of the present investigation have confirmed

earlier observations that treatment of SEBC with AET enhances

and stabilises E-rosettes formed by bovine lymphocytes and

SEBC (Paul et al., 1979t>* Belden et al., 1981). The difference

in density between the rosetted and non-rosetted lymphocytes

permitted their separation on a density gradient in a manner analo¬

gous to mononuclear cell isolation. Functional and immunofluores¬

cence tests carried out on the separated cell populations demon¬

strated that the E-rosette enriched cell population was mainly T

lymphocytes and the E-rosette depleted cell population was mainly

B lymphocytes.

5.k Cell Populations of Bovine Lymphocytes Separated by Plastic

Surface and Nylon Wool Adherence

5.^.1 Introduction

Cell separations may be positive or negative depending on

the method of selection being used. Positive selection may result

in a well defined and relatively homogeneous cell population, but

further purification of this cell population may result in concomi¬

tant loss of relevant cells. Negative techniques depend on the

depletion of cell sub-populations. The negative techniques have

been used to remove monocytes from blood or PBL. Methods commonly

used include treatment with carbonyl iron and removal of phagocytic

cells with a magnet (Usinger et al., 1981), and adherence to glass

surfaces, plastic, Sephadex G-10 columns, or nylon fibres (Bloom

et al., 1978). Generally, adherence treatments deplete not only
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the monocytes, but also variable percentages of lymphocytes, parti¬

cularly B cells (Bloom et al., ibid.). Nylon wool columns have been

used to separate lymphocytes into T cell depleted (adherent) and T

cell enriched (non-adherent) populations ( Grewal et al., 1976;

Greaves et al., 1976).

In most of the studies involving separation of cells into

different populations, the efficacy of the separation technique has

been assessed by enumerating B and T cells in each population using

surface-membrane markers. On a few occasions the separated cells

have been characterised for their functional properties.

The present study was undertaken to separate bovine EBL into

adherent and non-adherent cell populations using plastic surfaces

and nylon wool columns. The separated cells were characterised

for their surface receptors using the rosette techniques, and

functionally by the phagocytosis test and infectibility with T. ann-

ulata sporozoites.

5.4.2 Materials and methods

(a) Treatment with carbonyl iron to deplete monocytes: EBL

used were isolated from defibrinated or heparinised blood by Ficoll-

Paque sedimentation or ammonium chloride lysis as already described.

The method for depleting phagocytic cells from EBL was modified after

Usinger et al. (1981). A suspension of EBL at 5 x 10^ cells/ml was

prepared in MM supplemented with 5% autologous plasma. A total of
Q

10 cells in a volume of 20 ml were dispensed in a plastic universal

bottle followed by 500 mg of sterile carbonyl iron, particle size

4.5-5-0 n(Sigma Chemical Co.). The suspension was thoroughly mixed

followed by incubation for 45-60 minutes at 37°C with gentle rocking.
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At the end of the incubation period, the contents of the universal
t

bottle were poured into several sterile petri dishes placed over

strong magnetic plates. The cells that ingested carbonyl iron

together with excess iron settled at the bottom of the dishes. The

supernatants were harvested and subjected to two further treatments

with magnets. Cells in the supernatants were recovered, washed and

adjusted to the required concentrations. They were assessed for

viability using the trypan blue exclusion test, and cytocentrifuge

smears were made, stained and examined for differential counts. To

test the efficacy of the monocyte depletion procedure, the recovered

cells were tested for their capacity to form E-rosettes or phago-

cytose Staphylococcus aureus. The rosette assay was done as already

described.

(b) Phagocytosis test: Cells were suspended at 2-5 x 10 /ml in

RPMI 16i+0 supplemented with 5% PCS. Twenty ml of cell suspension

was dispensed into a universal bottle followed by 1 ml of Staphylo-
Q

coccus aureus suspension containing about 2-5 x 10 bacteria. After

thorough mixing, the suspension was incubated on a shaker at 37°C
for 30-1)5 minutes. Following incubation, cells were pelleted at 300g

for five minutes, washed in warm RFMI 161+0/5% PCS, then pelleted

again. Samples were taken from each pellet for making thin smears.

Three replicate smears were made from each pellet. The smears were

air-dried and then stained by flooding with 0.5% Sufranin solution

for about two minutes. The stain was rinsed off with Giemsa buffer

and smears were blotted dry. Assessment of phagocytosis was done

by counting the number of cells that contained Staph, aureus in

their cytoplasm. At least L|00 cells were counted on each slide at

x1000 magnification.
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(c) Separation by plastic surface adherence: Two preliminary

•experiments were done in order to define optimal conditions that

would effect maximum adherence.

In the first experiment, a comparison was made between the

use of MEM and EPMI I6J4O, each supplemented with ECS and autologous
2

plasma at 5% and 50%« The containers used were 75 cm flasks.

Adherent cells were recovered using a rubber policeman or 0.02%

ersene.

In the second experiment four different containers were used in

order to determine their suitability for use in subsequent adherence
2

experiments. The containers used were: a 75 cm flask, a glass bottle
2

with a culture surface area of—A-100 cm , and two plastic petri
2

dishes of base area approximately 55-5 cm . One of the petri dishes

was pre-treated. Pre-treatment consisted of coating with 2 ml FCS

at !|°C for four hours followed by three rinses with PBS (Kamagai

et al., 1979). Each unit area of the containers received an equal

number of cells. Adherent cells were recovered using a rubber

policeman.

As the detailed procedure for the adherence technique was the

same in both the preliminary and subsequent experiments, a detailed

methodology is only given in the latter. The use of untreated

petri dishes for the adherence and recovery of cells using a rubber

policeman, gave the best results. This combination was therefore

used in all the subsequent experiments for the preparation of adher¬

ent and non-adherent cells. PEL isolated from defibrinated blood

were not used in these experiments because less than J/o of the cells

were adherent in preliminary experiments.
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Two experiments were conducted using EBL isolated from heparin-

ised blood by Ficoll-Paque gradient centrifugation. Cells were

adjusted to 5 x 10 /ml in MEM supplemented with 50% platelet-free

autologous plasma. In the first experiment, 5 nil aliquots of cell

suspension were dispensed into petri dishes. The petri dishes were

then incubated in a humidified atmosphere of 5% 00^ in air at 37°C
for two hours. Two or more petri dishes were used for each experi¬

ment. At the end of the incubation period, each petri dish was

swirled and the supernatant medium was recovered and saved. The

petri dishes were then given several rinses with warm growth medium

and each time the medium was recovered and saved. Cells in the

supernatant medium and the rinses were pelleted at a low g force,

resuspended in the growth medium, pooled together and finally adjusted

to the required concentration. This pool constituted the non-adherent

cell population. The adherent cell population was scraped off the

petri dishes using a rubber policeman, and then adjusted to the

required concentration in the growth medium. Aliquots were obtained

from suspensions of both cell populations for use in the rosette

assays and for making cytocentrifuge smears used in the differential

counts.

In the second experiment 10 ml of EBL suspension were seeded
2 -

into each of the several 75 cm flasks used. The cultures were

gassed as before and then incubated at 37°C for two hours. At the

end of the incubation period, each flask was rocked and the super¬

natant medium was harvested and discarded. The flask was given two

rinses of 20 ml of the growth medium and finally the adherent cells

were fed with 10 ml of the growth medium, gassed and incubated again
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at 37°C for eight days. The supernatant medium was changed every

second day during this culture period. On day 9, the supernatant

medium was discarded, the flask was rinsed two times with 20 ml of

growth medium and the adherent cells were recovered using a rubber

policeman. They were adjusted to the required cell concentration.

These constituted the precultured adherent cells. Aliquots were

taken for making cytocentrifuge smears and also for use in the

rosette assays. Fresh adherent cells, non-adherent cells and PBL

were also prepared on the day that precultured cells were harvested

for comparative studies.

(d) Cell characterisation: Following separation of EBL by the

adherence technique, different cell populations were characterised

morphologically by differential counts and for their surface markers

using the rosette techniques. Their functional activity was deter¬

mined by assessing their infectibility by T. annulata sporozoites.

In the differential counts, cells with vacuolated cytoplasm and

roundish (Plate 3a,p 170), bean-shaped or indented nuclei were counted

as macrophages (Tizard, 1982). Large mononuclear cells with

convoluted (Plate 1), band-, kidney- or horse-shoe-shaped nuclei

(Schalm et al., 1975) and abundant cytoplasms were counted as

monocytes. Mononuclear cells with a round or slightly indented

nucleus surrounded by a narrow vein of cytoplasm were scored as

lymphocytes. Sometimes it was difficult to distinguish a large

lymphocyte from a monocyte, and in such a situation, the decision

was made in favour of the lymphocyte (Schalm et al., ibid.).
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(e) Rosette technique: The indicator SRBC used were treated

with AET for the E-rosettes, with antibody for the erythrocyte-

antibody (EA-) rosettes and antibody and complement for the (EAC-)
OQ

rosettes. SRBC were treated with trypsin (Difco, Detroit ),

following the method of Weiner et al. (1973)> before being coated

with antibody or antibody and complement. Coating of the SRBC

with rabbit anti-sheep RBC IgG (light and heavy chains, Sera
OQ

Laboratory ) or rabbit anti-sheep RBC IgG and complement from

horse serum was done following the method of Higgins and Stack

(1978). Horse serum proved to be the source of complement that

gave the highest number of EAC rosettes (13«3-20.3%) following a

preliminary run in which guinea-pig, horse, mouse and rabbit sera

were tested as sources of complement. The rosette procedure was

carried out using each of the indicator SRBC following the method

already described for the E-rosettes.

(f) Fractionation of PEL by a nylon wool column: The method of

Julius et al. (1973) was used with minor modifications. The nylon

wool (Leuko-Pak, Fenwal Laboratories ) was washed for two days in

many changes of DDW; dried in an oven for two days, loosened, and

500 mg were packed to the 8-ml mark in a 10-ml plastic disposable

syringe. The entire column assembly was wrapped in aluminium foil

and sterilised by autoclaving. Subsequently the sterile nylon wool

column was washed several times with 20 ml of warm (37°C) MEM

supplemented with 5% FCS. Any air pockets were removed with a

sterile pasteur pipette. The column was drained of excess medium

and then sealed at the lower end with a 26-gauge needle enclosed

at one end, and at the upper end with the syringe plunger. The
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assembly was incubated in an upright position at 37°C for 1)5-60

minutes to equilibrate the medium and nylon wool before loading the

cells.

FBL isolated from heparinised blood were depleted of phagocytic

cells by the carbonyl iron treatment technique, while no treatment

was given to EBL isolated from defibrinated blood. A total of
Q

1-2 x 10 cells in a volume of 2 ml were loaded onto the column,

which remained vertical throughout the experiment, and subsequently

washed into the nylon wool with 2 ml of warm medium. The plunger

was replaced and the assembly was once again incubated at 37°G for

1+5-60 minutes. Following incubation, cells were eluted with 50 nil

of MEM, washed through slowly so as not to generate a fluid head,

and the effluent was collected in several universal bottles. Cells

in the effluent were pelleted, resuspended in medium and pooled.

The resultant cell suspension was referred to as the nylon wool

effluent or non-adherent cells. The cells which did not elute were

recovered by adding 10 ml of medium to the column and then pressing

the nylon wool down with the plunger. The nylon wool was spread

again using a sterile pasteur pipette and the elution process was

repeated several times. The supernatant fluids containing the

adherent cells were recovered in universal bottles, the cells were

pelleted, then resuspended in medium and pooled together. These

cells were called nylon wool adherent cells. Counts were made of

the total and viable numbers of the adherent and non-adherent cells

recovered.

(g) Characterisation of nylon wool adherent and non-adherent

cells: The nylon wool separated cells were characterised by
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quantitation of E-, EA- and EAC—rosette-forming cells using treated

SRBC; and for their infectibility using T. annulata sporozoites.

Results of infectibility will be presented in another section of

this chapter.

5.1*.3 Results

(a) Carbonyl iron depletion of phagocytic cells: PBL were

depleted of phagocytic cells by carbonyl iron treatment. Assess¬

ments were made of the percentages of monocytes, lymphocytes, E-

rosettes and phagocytosis of Staph, aureus in cells before and

after carbonyl iron treatment.

As shown in Table 13» there was a decrease in the percentage

of monocytes in PEL isolated from both heparinised and defibrinated

blood following carbonyl iron treatment. However, a significant

decrease (P <0.0$, t test) was only recorded in PEL isolated from

heparinised blood. But defibrination itself had reduced the per-

centage of monocytes to approximately that of carbonyl iron treated

heparinised blood. In both types of PBL, the percentage of phago¬

cytic cells was significantly reduced (P < 0.05, t test) and the

percentage of E-RPC increased following depletion of phagocytic

cells. Significant increase in E-RPC was only noted in PBL isolated

from heparinised blood (P < 0.05, t test).

(b) Separation of PBL into populations of adherent and non¬

adherent cells: The results of the preliminary experiments are shown

in Tables 11; and 15. Detachment of adherent cells with a rubber

policeman gave a higher cell recovery than the use of 0.02% versene

(Table 1lj.). The viability of recovered cells was little affected
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by either method. There were no significant differences in the

number of adherent cells observed when MEM or RPM 161+0, supplemented

with FCS or autologous plasma at 5% or 50%o concentration were used

(Table 15)- Pre-treatment of the plastic surface did not increase

the number of adherent cells (Table 16). In contrast, the untreated

plastic surface gave the highest percentage of adherent cells (38.1%).

It also gave the greatest reduction in the non-adherent population

(50.0%). The untreated plastic surface was therefore used in all

the subsequent experiments. In these experiments, recovery of fresh,

non-adherent cells was 62.0%, 38.8% for fresh adherent cells and

13.6% for the day 8, cultured adherent cells (Table 17).

(c) Cell characterisation: Results of the differential cell

counts showed that the majority of cells in the pre-cultured,

adherent cells were macrophages, the majority of cells in the fresh,

adherent population were lymphocytes and the fresh, non-adherent

population consisted mainly of lymphocytes (Table 17)* The results

of the phagocytosis test using Staphylococcus aureus as the marker

are shown in Tables 17 and 18. As can be seen from Table 18, the

fresh adherent cell population had significantly more phagocytic

cells than either PBL or the non-adherent cell population. The

latter contained the fewest phagocytic cells.

The results of the rosette assay are presented in Table 19«

The pre-cultured adherent cell population contained the highest

number of cells which were positive for EA-rosettes (93-5%) > the

fresh adherent cell population had £6.7% cells positive for EA-

rosettes while the EBL had only 22.4% cells positive for EA-rosettes.
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Fresh and pre-cultured non-adherent cell populations had approxi¬

mately the same number of cells positive for EA-rosettes: 6.5% and

1;.6% respectively. On the other hand, the fresh, non-adherent cell

population had the highest number of cells positive for the ID-

rosettes using AET-treated SEBC (58.8%) followed by FBL (J+0.0%).

The pre-cul tured adherent cell population had the lowest number of

cells positive for E^-grp-rosettes. Trypsin treatment of SEBC abro¬

gated their ability to rosette with the cells tested.

(d) Separation of EBL into nylon wool adherent and non-adherent

cells: The results of nylon wool column separation of EBL into

adherent and non-adherent (eluted) cells are shown in Table 20.

In these experiments, the mean yields of eluted and adherent cells

were 67.2% and 12.5% respectively. The eluted and adherent cells

were tested for their surface markers using the rosette techniques

(Table 21). Non-adherent (eluted) cells exhibited an increased

number of E-rosettes compared with unfractionated EBL or the adher¬

ent cells. In a single experiment, the adherent cells contained a

higher percentage of EA- and EAC-rosettes than EBL or the eluted

cells in which this population was markedly reduced.



Table13CarbonylirondepletionofphagocyticcellsfromEBLandsequentialassessmentofcell compositionbyE-rosetteformationandphagocyticactivity
DifferentialCounts

SourceofEBL*Treatment— %Lymphocytes%Monocytes%Phagocytosis%B-EEC
Defibrinatedblood
None

96.1

+

1.U

3-9

+

2.8

5.8

+

1.5

31*.1*

+

3.1

Defibrinatedblood
Carbonyliron
98.8

+

0.9

1.2

+

0.5

o.5

+

0.1

39.0

+

2.1+

Heparinizedblood

None

86.0

+

5.3

11+.0

+

5.3

17-5

+

1+.2

32.1*

+

1.8

Heparinizedblood
Carbonyliron
96.1+

+

1.7

3.6

+

1.7

2.0

+

0.2

1*6.1*

+

1*.2

DataexpressedasMean-S.D.offourdifferentexperiments.Thepercentageofthenumberofcells recoveredaftercarbonylirontreatmentwasalwaysabove75%andtheviabilitywasabove95%. *SeparatedonFicoll-Paque



Table1USeparationofH3Lintoadherentandnon-adherentcellpopulationsandrecoveryofadherent cellsusingarubberpolicemanor0.02%EDTA(versene)
SourceofFBL

MethodofEBLIsolation
1

%Adherentcells recovered Mean*S.D.

2

%Non-adherent cellsrecovered Mean±S.D.

Methodof recovering adherentcells

Heparinizedblood
Ficoll-FaqueCentrifugation
2b.h13-7

55.2-5.7(3)
0.02%EDTA (versene)

Heparinizedblood

NH^Cl-lysis

27.7-8.U

51.3-1+.5(3)
0.02%EDTA (versene)

Heparinizedblood
Ficoll-PaqueCentrifugation
33.0-3.8

60.0-5-1(2)

Rubber policeman

Heparinizedblood

NH^Cl-lysis

36.1-0.1|

56.1±U-3(2)

Rubber policeman

N.B.DataexpressedasMean-S.D.oftwoorthreeseparateexperimentsasindicatedinbrackets.
1

Thisfigurerepresentsthe%oftheoriginaltotalcellswhichwererecoveredbyremovaloftheadherent population.
2

Thisfigurerepresentsthe%oftheoriginaltotalcellswhichwererecoveredbyremovalofthenon¬ adherentpopulation.



Table15SeparationofEBLintoadherentandnon-adherentcells. SourceofEBLandMethodof Isolation

Medium

%Adherent CellsRecovered *Mean-S.D.

%Non-adherent CellsRecovered *Mean-S.D.

Heparinizedblood Ficoll-FaqueCentrifugation
MM+5%autologousplasma REMI161|0+5%autologousplasma MEM+9/oFCS REMI161+0+$%ECS MM+50%autologousplasma REMI16^0+50%autologousplasma

29.0-5.6 27.3-b'l 29.8-3.2 30.6-8.0

62.7-10.2 60.0-7.1+ 57.3i6.i| 55.6-h.$ 52.k-8.2 56.0-3.8

Thecellinputandadherencesurfaceswerethesameinallcases.Adherentcellsweredetachedusinga rubberpoliceman. *MeaniS.D.offourreplicates



Table16SeparationofPBLintoadherentandnon-adherentcellsusingdifferentsurfaces. SonrnpofÂdherent%Phagocytosis%Non-adherent%Phagocytosis Typeofsurfacecellsrecoveredbyadherentcellscellsrecovered°non~ ^eren *Mean-S.D.*Mean-S.D.*Mean-S.D.*Mceii® _
Mean-S.D.

HeparinisedPlasticpetridish38.1-3«71+8.0-5.1£0.0±3.^2.3-1.2blood HeparinisedSerumcoatedplastic28.1*-5.82i+.5-7«561.0-1+.51.8*1.0bloodpetridish
2 ,

HeparinisedPlastic75cmtissue23.1*6.1+3l|.0±1+.959.2±6.92.3±1.5bloodcultureflask HeparinisedGlassbottle19.0-7.225.6-6.265-5-5.22.0-0.0blood

*Mean-S.D.ofthreereplicates
P13LwereisolatedbyFicoll-Paquecentrifugationmethod



Table17DifferentialcountsofFBI,adherentandnon-adherentcells %Totalrecovery*Macrophages/Monocytes%Itfmphooytes JMean±S.D.Mean±SaD.
Pre-culturedadherent
13-6

+

2.7

83.3

+

6.7

16.7

+

2.6(3)

Freshadherent

35-8

+

3-6

38.5

+

61.5

+

5.2(3)

Fresh,non-adherent
62.0

+

5.8

2.3

+

1.5

97.7

+

0.5(3)

EBL*

-

12.5

+

3.6

87.5

+

1.2(3)

Numbersinparenthesisdenotethenumberofindividualexperiments *EBLwereisolatedfromheparinisedbloodbytheFicoll-Paquecentrifugationmethod



Table18PhagocytosisofStaphaureusbyfreshadherentcells,freshnon-adherentcellsandFBL MethodofPBLisolation

PercentagePhagocytosis
PBL

*Mean-S.L.

Adherentcells *Mean-S.L.

Non-adherentcells *Mean-S.D.

Ficoll-Paquegradientcentrifugation NH^Cl-lysis

$.k-1.6 9.8-2.7

53-2-1.1+ 56.6-0.9

1.5-1.1* 2.5-0.1

Table19Rosetteformationbyadherentcells,non-adherentcellsandPBLwithSKBCtreatedin differentways
Celltype

PBL Freshadherent Freshnon-adherent Pre-culturedadherent Pre-culturednon-adherent
PercentageofrosettesformedwithSKBCtreatedasindicatedbelow SRBC-AETmSRBC-IgG *Mean-S.D.*Mean-S.L.

7-9±2.3 2.1±1.1+ 6.5±2.6 0 0

1+0.0±7.8 9.2±3.1 58.8±3.7 6.3±2.8 23.U±3.1*

0.9±1.2 0

0.21±0.3 0 0

22.1+±0.7 56.7±1*.1 6.5±0.5 93.5±11.h 1+.6±1.6

+PBLwereisolatedbytheFicoll-Paquemethod *Mean1S.L.ofthreereplicates



Table20SeparationofEBLisolatedonFicoll-FaquebyfiltrationthroughnylonwoolcolumnB Expt. No.

SourceofTotalcell EBLinput
No.ofcells eluted

%Cells Eluted

Adherentcells recovered

%Recovered adherentcells
Totalcell recovery

I*

Lefibrinated blood

1.6x10®

1.1x108

70.3

1.9x107

12.0

82.3

Heparinised blood

1.1x108

7.2x107

65.0

1.5x107

11+.0

79.0

p-
CO

•

II

Lefibrinated blood

1.2x108

8.0x107

66.3

1 .l+x107

11.u

77-7

Mean-S.L.1
.3*0.3x108

8.7*0.2x107

67.2-2.8
1.6±0.3X107

12.5*1.1+

79.6*2.2

Eachfigurerepresentsameanoftworeplicates *InthefirstexperimentEBLweredepletedofphagocyticcellsbycarbonylirontreatmentbeforeputting themthroughthecolumn.



Table21Percentageofrosetteaformedbynylon-wool-elutedcellsandnylon-wool-adherentcellswith SKBCtreatedindifferentways

*%Rosettesformedwith:

1/•

No.

SourceofPBL

Celltype

SRBC-AET (E-Rosettes)
SRBC-Trypsin

SRBC-IgG (EA-Rosettes)
SRBC-IgG-C (EAC-Rosettes)

I

Defibrinatedblood
PBL

1+5.3±
3.3

N.D.

N.D.

N.D.

ELuted

69.0±
7.5

N.D.

N.D.

N.D.

Adherent

31+-9±
1+.1

N.D

N.D.

N.D.

Heparinisedblood
PBL

1+1.1+±
1.9

N.D.

N.D.

N.D.

Eluted

63.0±
2.1+

N.D.

N.D.

N.D.

Adherent

31.1±
1.1

N.D.

N.D.

N.D.

II

Defibrinatedblood
PBL

50.6±

3.3

0

19.0±3-5

13.3±3-8

Eluted

70.3±

2.5

0

2.6±0.7

1.8±1.0

Adherent

30.1+±
8.1

0

1+1.0±2.3

21+.1±5.5

N.D.=Notdone
*Datapresentedasmean-S.D.ofthreereplicates
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S-b'b Conclusion.

These results have demonstrated that carbonyl iron treatment

of PEL isolated from heparinised blood on Picoll-Paque or isolation

of EBL from defibrinated blood on Picoll-Paque yielded cell popul¬

ations with approximately the same percentage of monocytes.

Treatment of PEL isolated from defibrinated blood with carbonyl

iron did not significantly increase the percentage of E-rosetting

cells in the treated cell population compared with the untreated

cells. However, the percentage of E-rosetting cells was increased

following the treatment of PEL isolated from heparinised blood with

carbonyl iron.

The use of an untreated plastic surface for adherence yielded

the highest percentage of adherent cells and approximately S0% of

these were phagocytic. The rest of the adherent surfaces used gave

lower percentages of adherent cells which were significantly less

phagocytic than the cells recovered from the untreated plastic suiv

face. This indicated that the untreated plastic surface and the

recovery procedure did not affect the phagocytic activity of the

adherent cells. Presh, non-adherent PEL were enriched for E-EFC

while the pre-cultured, non-adherent PEL contained fewer E-BPC than

the fresh PEL. This could be explained by the suggestion that E-EPC

do not survive well in the non-stimulated cell cultures. On the

other hand, pre-cultured adherent cells were enriched for cells with

Pc receptors (EA-rosette-forming cells), an indication that these

cells survived better than E-RPC in the unstimulated cell cultures.

The separation efficiency of the two methods, nylon wool and plastic

surface adherence, were approximately the same. The percentage of



151.

E-HFC in the non-adherent cells increased by about 20% over the

unseparated EBL in both cases.

5.5 Infectibility and Characterisation of Bovine EBL and EBL-
derived Populations by Theileria annulata Sporozoites

5.5»1 Introduction

Theileria parasites have been cultivated in vitro in trans¬

formed lymphoblasts for about the last i;0 years. However, until

recently, one central question, that of the nature of the cell type

(T or B lymphocytes) infected by the parasites, had been neglected.

The identification of the target cell(s) of Theileria parasites is

pertinent to understanding the pathogenesis of the disease they

cause in their mammalian hosts. In particular this would give a

clue to the receptor sites for the parasites, if such exist, and

the type of the host immune responses mounted against the infected

cells, which are influenced by the target cell surface antigens.

Duffus et al. (1978b) compared the staining characteristics of

the T. parva C2 cell line with calf thymocytes using FITC-rabbit

anti C2 antisera and FITC rabbit anti-thymocyte antisera. Their

results showed that the C2 cell line and the calf thymocytes shared

some of their membrane antigens. Although the exact meaning of

their results could not be interpreted; the implications were that

the C2 cell line might be T lymphocyte derived. Other studies have

shown that a cell line of T. parva-infected lymphoblastoid cells

(line E17U) did not bear surface Ig, did not have cytoplasmic Ig

and did not secrete Ig (Roelants et al., 1978)• However, it did

bind peanut agglutinin (PNA) which is a peripheral T lymphocyte
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marker in the bovine (Roelants et al., 1978; Pearson et al., 1979a).

Mahan (1980) compared the staining characteristics of T. parva (32+,

46) and T. annulata (46, 219) cell lines using FITC-PNA. He came

to the conclusion that Theileria-infected cells were T lymphocytes

because they all stained positively with PITC-PNA, albeit with

varying intensity.

To date the few attempts that have been made to characterise

target cells for Theileria parasites have used, as starting material,

Theileria-transformed cell lines. This study describes investigations

that were undertaken to determine the target cell(s) for Theileria

parasites. To this end, the infectibility of different cell popul¬

ations, separated as described above, was assessed using T. annulata

sporozoites. Then T. parva and T. annulata cell lines were char-

acterised for B or T lymphocyte properties with assays for cell

surface markers using rosetting techniques and staining with FITC-

rabbit anti-bovine IgG or FITC-PHA.

5-5.2 Materials and methods

(a) Preparation of PBL and different cell populations:

Details of preparation of PBL and different cell populations used

in infectibility tests have already been given above. In addition

Con A blasts were used.

(b) Preparation of Con A blasts: EBL were isolated by centri-

fugation of buffy coat cells through Ficoll-Paque. They were then

suspended in growth medium at 1 x 10^ cells/ml and incubated with

Con A at a final concentration of 5 Hg/ml. Cultures were maintained

at 37°C for either three or five days after which they were washed
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free of lectin and used in the infectibility test. The controls

included (a) EBL cultured in growth medium for three days,(b) fresh

EBL, (c) FBI cultured over a bison lung feeder layer (lMR-31). In

another experiment, washed Con A blasts harvested six days after

primary stimulation were seeded in wells of a culture plate (Costar).

They were maintained in growth medium, growth medium supplemented

with 10 qg/ml Con A, or growth medium supplemented with 50% con¬

ditioned medium derived from spleen cells stimulated with Con A

for 2l+ hours. At the end of incubation, the blasts were infected

with T. annulata sporozoites.

(c) Sporozoites: It had been intended to test the infectibility

of cells in question using both T. annulata and T. parva sporozoites.

However, the R. appendiculatus ticks at hand were old and had very

low T. parva infection rates. Results of T. parva infectivity were

inconclusive and the infection protocol and results are therefore

not presented.

T. annulata (Ankara or Hissar strain) sporozoites prepared as

detailed in Chapter 3 were used. A four tick equivalent per ml

GUTS was obtained and serial log^Q dilutions (10^-10 were pre¬

pared.

(d) Infection procedure and assessment of transformation: Fresh

EBL, pre-cultured HBL, separated cells and day 3 or 5 Con A blasts

were each suspended at 8 x 10^ viable cells/ml. An aliquot of 0.25 ml

of cell suspension was seeded in each well of a culture plate followed

by 0.25 ml of the appropriate dilution of GUTS.
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To infect the blasts that were already being maintained in

the plate, all but about 0.25 ml of medium was removed from each

well and replaced with 0.25 ml of GUTS.

Cultures were maintained at 37°C in an atmosphere of 5% 0^2
in air. Medium changes involved the addition of 0.5 ml of growth

medium on day 1 and 1 ml on day 3* Culture assessment was based

on infection and metabolic rates. Macroschizont infection rates

were assessed by counting at least I4.OO cells on Giemsa-stained

cytocentrifuge smears. Infected and transformed lymphoblasts have

a higher rate of metabolism than uninfected, non-transformed cells.

A high metabolic rate leads to changes in the colour of the medium

from pink to yellow. Moreover, rapidly metabolising cells synthesise

increased amounts of nucleic acids incorporating nucleic acid pre¬

cursors. Hence incorporation of tritiated thymidine was also used

to assess metabolic rates. Cultures used for this test were

obtained from two experiments, one comparing infectibility of

adherent and non-adherent cells and the other comparing infectibility

of E-rosette-forming and non-E-rosette-forming cells. On day 3

after infection 200 pi aliquots of thoroughly mixed culture material

were transferred from each well of culture plates into wells of

3
microtitre plates. One pCi H-TdR was added to each well; cultures

were then incubated at 37°C and 18 hours later cells were harvested

and the incorporation of ^H-TdR was determined. Incorporation of

3
H-TdR was reported both as the mean counts per minute of triplicate

cultures, and as stimulation indices. Control cultures consisted

of appropriate cells cultured without sporozoites.
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(e) The formation of E, EA and EAC rosettes between Theileria-

infected cell lines and treated SRBC: The methods used for these

rosette tests were the same as those already described above.

(f) Staining of Theileria-infected lymphoid cells by FITC-PNA

or EITC rabbit anti-bovine IgG: A similar method was followed to that

for the staining of PBL, E-RFC and non-E-RFC already described

above.

(g) Statistical analysis: Results were expressed as means -

standard deviations (S.D.) of replicates. Analysis of the data

obtained for the infection rates of different cell populations was

done either by Student's t test or the conventional one-way analysis

of variance (Sokal and Rohlf, 1981) and Duncan's multiple range

test.

5.5.3 Results

(a) Infectibility assessment: All the data presented are of

cultures inoculated with a four tick equivalent/ml sporozoite

suspension diluted 1 in 10 with MFM/3.5% BPA.

(b) Infectibility and transformation of FBL and adherent and

non-adherent cell populations: (i) Infectibility of unfractionated

FBL - Cells from defibrinated blood and blood collected into the

three different anticoagulants, isolated by both Ficoll-Paque

gradient centrifugation and ammonium chloride lysis, were infected

with T. annulata (Hissar) sporozoites. Only the data for infection

rates assessed on day I4 of infection are presented (Table 22).

Cells from anticoagulated blood were significantly more infectible
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than cells from defibrinated blood (P < 0.01, t test) of which only

approximately half as many cells were infected by day i;.

(ii) Infectibility of fractionated populations - Two experiments

were conducted. In the first experiment, freshly prepared adherent

cells, non-adherent cells and PBL were infected using T. annulata

(Ankara) sporozoites. In the second experiment, adherent cells

pre-cultured for eight days, freshly prepared adherent cells, non¬

adherent cells and PBL were infected with T. annulata (Hissar). The

data presented in Table 23 shows the infection rates on day I4. of

infection. In the first experiment, two significant subsets were

obtained, viz: non-adherent cells and PBL,and freshly prepared

adherent cells. Freshly prepared adherent cells were significantly

more infectible than PBL or the non-adherent cells. In the second

experiment, four significant subsets were obtained, viz: freshly

prepared adherent cells, pre-cultured adherent cells, PBL, and non¬

adherent cells. Both the pre-cultured and freshly prepared adherent

cells were significantly more infectible than the PBL or non-adherent

cells. Moreover, PBL were significantly more infectible than the

non-adherent cells.

(iii) Other observations - By day I4, cultures of pre-cultured
0 -1

and freshly prepared adherent cells inoculated with 10 and 10

GUTS were metabolising well as indicated by the change in colour of

the medium from pink to yellow. Cultures of the non-adherent cells

and PBL did not change colour until day 7- Non-phagocytic, adherent,

lymphoid cells were readily infected by the sporozoites and subse¬

quently they transformed into lymphoblastoid cell lines. Examples

of infected cells from day 2 cultures of pre-cultured and freshly
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prepared adherent cells inoculated with 10^ GUTS are shown in

Plates 3a, 3t> and I4. respectively. Some of the adherent macrophages

were initially readily infectible, but by day 5 most of them had

started to disintegrate, releasing schizonts into the culture medium,

leaving behind infected cells free of macrophages (Plate 5). The

schizont nuclear numbers by day I4 of culture were greater in infected

macrophages than in the lymphoid cells.

(iv) H-TdR incorporation - Cultures in the second experiment

were pulse-labelled with JH-TdR on day 3 and harvested 18 hours
3later. The results of the H-TdR incorporation are presented in

Table 21;. As can be seen, the highest amount of H-TdR was incoi>-

porated in the freshly prepared adherent cell cultures; this is an

indication that these cultures were metabolising faster than the

others. The rate of metabolism in PBL cultures was higher than in

the non-adherent cell cultures, but the highest stimulation index

was in pre-cultured adherent cells in which the base line metabolism

was very low.

(c) Infectibility of nylon wool-adherent and non-adherent cells:

PBL isolated from heparinised blood were first depleted of monocytes

by carbonyl iron treatment and then separated into nylon wool-adherent

and non-adherent cells. PBL, nylon wool adherent and non-adherent

cells were infected with Oh annulata (Ankara) sporozoites. The

results from smears made from the cultures on day 1; of infection are

shown in Table 25. Statistical analysis showed that nylon wool

adherent cells and PBL were significantly more infectible than the

effluent cells (P < 0.05). Moreover, no significant differences
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were observed between the infectibility of EBL and the nylon wool

adherent cells.

(d) Infectibility and transformation of PEL, E-REC and non-E-

RFC: (i) Infectibility - To test the infectibility of unseparated

EBL, E-RFC and non-E-REC two experiments were done. In the

first experiment, infection was with T. annulata (Ankara) sporo-

zoites and in the second, T. annulata (Hissar) sporozoites were used.

The results are presented in Table 26. Statistical analysis of the

data showed that in the first experiment, where T. annulata (Ankara)

sporozoites were used, non-B-REC were significantly more infectible

than the E-RFC or EBL (P < 0.01). There were no differences

between the infectibility of E-RFC and EBL. In the second experi¬

ment, the non-B-REC were significantly more infectible than the E-

RFC or EBL, and the E-RFC were significantly less infectible than

the EBL (P < 0.01 ).

(ii) Metabolism - By day I4 cultures of non-E-REC were metabol¬

ising well as indicated by the change in the colour of the medium

from pink to yellow. The colour of the medium in the EBL and E-REC

cultures did not change until days 6-8. Such culture plates are

illustrated in Plate 6. In the second experiment, cultures were

3
pulse-labelled with "H-TdR in the same way as described above. The

3
results of the H-TdR incorporation are presented in Table 27. It

can be seen from the table that the non-E-REC cultures incorporated
3

higher levels of H-TdR than the EBL or non-E-REC cultures, an

indication that the former had a higher metabolic rate. E-REC

0 -1
cultures inoculated with sporozoites at 10 and 10 incorporated

significantly higher levels of -%-TdR (P < 0.05) than the corresponding
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PBL cultures although the latter had high infection rates.

(e) Infectibility of Con A blasts, pre-cultured EBL and fresh

EBL: The infectibility of Con A blasts, pre-cultured EBL and fresh

PBL was tested using T. annulata (Hissar) sporozoites. The results

of the test read on day 6 of infection are presented in Table 28.

Analysis of the data produced four significant subsets in order of

increasing infectibility, viz: Groups 2, 3> 1» Groups 2+, 5> Groups

6, 8 and Groups 8, 7* The upper two subsets overlapped. At the

lower end of the scale, day 5 Con A blasts were the least infectible

and at the upper end of the scale, day 3 pre-cultured EBL were the

most readily infectible.

(f) Determination of E and Pc receptors on Theileria-infected

cell lines: The presence of E and Pc receptors on the surface of

Theileria-infected lymphoblastoid cell lines was determined by the

E- and EA-rosette assays as already described. A bovine lympho¬

sarcoma (BL20) cell line was also included in the test. Fresh

EBL from steer 2+6 were used as controls. Results of the test are

presented in Table 29. Prom the table it can be seen that the

T. parva (Muguga) cell lines had more cells with E-receptors than

1+6 EBL and the T. annulata (Ankara) infected cell lines, while BL20

exhibited no E-rosettes (E < 0.01). Both the T. annulata cell lines

and the BL20 lines had more cells with Fc receptors than the control

EBL (P < 0.05). The T. parva-infected cell lines did not exhibit

any Pc receptors.

(g) Detection of surface immunoglobulin (SIg) and peanut

agglutinin (PNA) receptors on Theileria-transformed cell lines and

BL20: The T. parva, T. annulata and BL20 cell lines were tested for
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the presence or absence of surface membrane immunoglobulin (SIg)

and peanut agglutinin (PRA) receptors. Results are shown in Table

30. Over 35% of the T. parva cells were PHA. positive and they

stained uniformly with a bright green colour under fluorescence.

Five per cent of the BL20 cells and 15% of the T. annulata cells

were PRA positive, but they stained with a dull green colour under

fluorescence. Rone of the cells tested stained positively for SIg

with the PITG rabbit antibovine Ig.



Table22InfectibilityofEELisolatedfromanticoagulatedanddefibrinatedbloodbyT.annulata (Ankara)sporozoites
SourceofPBL

FBLSeparationMethod

Numberofinfectedcellsper1+00 *Mean±S.D.

ACDblood

Ficoll-Paquesedimentation

68.0±8.9

EDTAblood

Ficoll-Paquesedimentation

71.7*19.1

Heparinizedblood

Picoll-Paquesedimentation

65.0±11.5

Defibrinatedblood

Ficoll-Paquesedimentation

35.316.3

ACDblood

NH^Cl-lysis

73.0±11+.7

EDTAblood

NH^Cl-lysis

62.3±17.O

Heparinizedblood

NH^Cl-lysis

6I4..O±16.0

Defibrinatedblood

NH^Cl-lysis

31.7±5.5

*Mean*S0D.ofthreereplicates
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Table 23 Infection of adherent cells, non-adherent cells and FBI

with T. aramlata (Ankara) sporozoites

Experiment
No.

Cell Type
Infected cells/i+00

*Mean ± S.D.

I Fresh adherent 1+9-3 ± 10.1

Fresh non-adherent 6.3 + 1.5

FBI (Control) 21.7 ± U.2

II Fresh adherent 115.0 ± 6.0

Pre-cultured adherent 90.0 ± 8.0

Fresh non-adherent 16.0 ± 7.0

FBI (Control) 1+6.0 ± 12.0

*Mean ± S.D. of three replicates
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Table 21+ Metabolic rates of T. annulata-infected adherent cells, non-

adherent cells and FBL cultures, measured by -hi-T&R

incorporation between days 3 and 1+

Cell type Sporozoite
dilution

3
H-TcLR incorporation
CEM Stimulation

*Mean ± S.D. index (S.I.)

Pre-cultured
adherent

0

10°
219.0 ±

185,776.3 ±

26.6

3,397.9

1.0

81+8.3
10~1 17,980.7 ± i+,672.5 82.1

10~2 299.0 ± 11+6.3 1-3
10~3 27I+.O ± 21+.6 1.2

Freshly
prepared
adherent

0

10°
10"1

1,310.3 ±
253,61+2.0 ±
207,701.7 ±

361+.9
1+9,077.0
25,61+0.0

1.0

193.6
158.6

10~2 31+,389.7 ± 7,989.1 26.3
10~3 13,029.7 ± 1,172.5 9-9

Non-adherent 0 3,266.3 ± 1,262.1+ 1.0

10° 28,271+.3 ± 6,938.9 8.7
10"1 1+3,023-3 ± b,315.1 13.2

10~2 22,869.0 ± 1,969.1+ 7.0

10_3 11+,532.3 ± 1,098.1+ l+.o

EBL (Control) 0 1,335.3 i 285-6 1.0

10° 11+0,1+77-3 1 36,16I+.0 105.2
10~1 181,600.0 ± 30,237.2 136.0
10~2 28,91+8.7 ± 3,072.3 21.7

10~3 13,729.7 ± 2,285.2 10.3

*Mean ± S.D. of three replicates

3H-TdR = Tritiated thymidine

Undiluted sporozoite concentration (10^) = 1+ tick equivalent/ml
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Table 25 Infection of unseparated EBL, nylon wool adherent and

non-adherent cells by T. annulata (Ankara) snorozoites

Cell population
Number of infected cells per 500

*Mean * S.h.

Nylon wool adherent

Nylon wool non-adherent

EBL

91.3 ± 9.1

55-3 ± 6.5

75.0 ± 10.1

*Mean * S.D. of three replicates
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Table 26 Infection rates in cell populations separated by

E-rosette sedimentation

(a) Infection with T. annulata (Ankara) sporozoites

„ ,, . Number of infected cells per 1+00Cell population *Mean ± g^

Non-rosette-forming cells 113-3 ± 7.2

Rosette-forming cells 3l+»0 ± 7-8

EBL (control) 1+6.3 * 17*8

(b) Infection with T. annulata (Hissar) sporozoites

n I . Number of infected cells per J+00Cell population *Mean ±

Non-rosette forming cells 2l|0.0 ± 10.8

Rosette-forming cells 29.0 ± 13*5

PBL (control) 13-9-0 ^ 8.5

*Mean * S.D. of three replicates



Table27MetabolicratesofT.annulata(Hissar)-infectedculturesmeasuredby3H-TdRincorporation betweendays3and.1+ofinfection
Cellpopulation

Sporozoite dilution

H-TcLRIncorporation
CPMStimulationindex

*Mean±S.D.(S.I.)
Non-E-rosette-foxming

0

1,833.0
±

0

•

co

cr\

1.0

10°

319,807.7
±

29,683.7

171+.5

10"1

278,199.3
±

15,313.1+

151.8

10~2

103,511+.8
±

2,183.2

56.5

10~3

58,282.7
±

6,950.3

31.8

E-Rosette-forming

0

1,777.3
±

866.0

1.0

10°

252,l+5l+.6
±

81,379.0

11+2.1

10~1

231,31+0.3
±

102,656.0

130.2

10~2

69,51+5.0
±

17,015.3

39.1

10~3

12,580.7
±

3,670.5

7.1

EBL(Control)

0

1,317.0
±

73.0

1.0

10°

91+,851.7
±

721.5

72.0

10~1

61,1+1+2.0
±

3,902.0

1+6.7

10~2

51,1+57.0
±

961.0

39.1

10"3

35,090.0
±

1,81+9.0

26.0

*Mean=•=S.D.ofthreereplicates



Table28InfectionofConAblasts,pre-culturedFBLandfreshFBLwithT.anmlata(Hissar)sporogoites Group

Celltype

Numberofinfectedcellsperi+00 *Mean±S.D.

1

Day3ConAblasts

16.7

A

1+.0

2

Day5ConAblasts

5.0

±

2.6

3

Day1i|ConAblasts+ConACM(TCGF)

8.7

±

U.o

4

DayII4ConAblasts+ConAat10pg/ml
81.3

±

10.1

5

Day1i|ConAblasts+growthmedium

107.3

±

Uk.2

6

Day5ex-IMRfeederlayerEBL(pre-culturedFBL)
291.7

±

21.5

7

Day3Pre-culturedFBL(withoutafeederlayer)
335.0

±

15.0

8

FreshFBL

290.3

±

15.0

*Mean*S.D.ofthreereplicates



Table29DeterminationofEandFcreceptorsonTheileria-infectedcelllinesusin#E-andEA- rosetteassays

%Cellsrosettedwith
NormalSEBCAET-treatedSRBCIg-coatedSRBC (E-rosettes)(E-rosettes)(EA-rosettes) *Mean±S.D.*Mean±S.D.*Mean*S.D.

3hT.parva(Mu^wca)

8.7

±

3.1

67-9±13-3

0

35T.parva(Mu^u^a)

5-3

±

1.9

53.9±12.3

0

1+6T.parva(Mu^^a)

11.9

±

2.2+

53-5±9-3

0

220T.parva(Mu£u+?a)

6.0

±

3.0

58.2±6.8

0

BL20

0

0

32.6±10.^

FreshEBL(Control)

5.3

±

3.0

U5.3±11.9

13.8*2.6

U6T.annulata(Ankara)
0.7

±

1.2

3.9±5.5

23.0±1+.1

15UT.annulata(Ankara)
1.1

±

1.2

1.7±0.6

N.D.

155T.annulata(Ankara)
1.1

±

0.6

2.5±1.8

26.3±k-2

159T.annulata(Ankara)
1.1

±

1.0

1.3±1.2

NoD.

*Mean±S.D.ofthreereplicates
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Table 30 Tmrntmofluorescence of Theileria-infected cell lines and

BL 20 with FITC-PNA and FITC-IgG

% Cells staining with
FITC-IgG FITC-PNA

*Mean ± S.B. *Mean ± S.D.

BL 20 0 5.0 ± 1.2

ij.6 T. annulata (Ankara) cell line 0 15.2 - 3*7

I4.6 T. parva (Muguga) cell line 0 96.0 ±1.8

*Mean ± S.B. of three replicates
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Plate 3a A T. annulata schizont (arrow) in a Lay 8
precultured adherent cell two days after

infection, and a non-infected macrophage

(M).
(Giemsa stain, x 650)

Plate 3h A T. annulata schizont (arrow) in a Lay 8
precultured adherent cell two days after
infection.

(Giemsa stain, x 1,270)
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Plate 1+ T. annulata schizonts (arrows) in fresh adherent
cells two days after infection.

(Giemsa stain, x 1,200)

Plate 5 T. annulata schizonts in transformed Day 8
precultured, adherent cells, six days after
infection.

(Giemsa stain, x 1,270)
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Plate 6a Cultures of Non-E-rosette forming cells (non^E-RPC)
and E-RFC infected with T. annulata; colour changes
from orange to yellow indicate increased metabolic
rates (Columns 1-3 are non-E-RFC, 1+-6 E-RPC).
Rows A-D represent respectively sporozoite dilutions
of 10^, 10~\ 10-2 and 10"^ of the I|. tick equivalent/
ml suspension.

Plate 6b Cultures of PBL infected with T. annulata; Colour

changes from orange to yellow indicate increased
metabolic rates. Rows A-D represent respectively

0 -1 -2 -2
sporozoite dilutions of 10 , 10 ,10 and 10
of the k tick equivalent/ml suspension.
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S-5-k Conclusion

Results of the infectibility tests have shown that cell

populations enriched for B cells and/or cells exhibiting Fc receptors

were more infectible by either strain of T. annulata used than the

FBI and the T cell enriched populations. The majority of cells in

the T. parva cell lines were positive for E rosettes and PHA receptors,

implying that they were T cell derived. The T. annulata cell lines

were negative for these tests, thus demonstrating that the two

parasites infected different cell types in vitro.

5.6 Discussion

The present study has shown that lymphocytes were best puri¬

fied from defibrinated blood. Such preparations contained no

platelet contamination, negligible red cell contamination and over

97% of the cells recovered were lymphocytes. In contrast, the blood

collected into the three anticoagulants used yielded less pure cell

populations. The method used in isolating the PBL seemed to influ¬

ence the final cell yield both in terms of quality and of quantity.

Thus the differential counts and the yields of cells isolated by the

Ficoll-Paque technique and ammonium chloride lysis were different.

However, the differences observed were not as big as expected.

These results were surprising since the ammonium chloride method

does not lead to any selection of the cell populations from the buffy

coat (Kenyon, 197&) whereas the Ficoll-Paque technique yields almost

exclusively mononuclear cells. However, the washing of the cells

prepared by ammonium chloride at a low g force could have led to

trapping of some of the cells by the platelets in the supernatant
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and hence their subsequent loss. On the other hand, the amount of

buffy coat harvested influences the purity of the cell yield

(Carlson and Kaneko, 1973). The upper portion of the buffy coat

contains more than J8% mononuclear cells. In the present study,

only the upper portion of the buffy coat was used in each case.

Mononuclear cells from EDTA-treated blood contained more

cells with Fc and receptors than cells from defibrinated blood,

but cells from defibrinated blood contained more cells with E-

receptors. This would indicate that defibrination removes most of

the cells with Fc and receptors, which are mainly monocytes and

B lymphocytes. Different methods were used to separate bovine FBL

into different cell populations. FBL from heparinised blood were

depleted of nearly all the monocytes using carbonyl iron. However,

the use of defibrinated blood achieved similar results thus pre¬

cluding the use of carbonyl iron. A plastic surface was used to

fractionate FBL into adherent and non-adherent cell populations.

Morphologically a greater percentage of adherent cells were lymphoid,

but on keeping them in culture for several days most of the lymphoid

cells detached leaving behind mainly macrophages. The number of

cells forming EA-rosettes among adherent cells exceeded the numbers

of macrophages/monocytes observed. The likely explanation for this

is that adherent cells were mainly macrophages/monocytes and B cells

and possibly a few other cells with Fc receptors. It has been

observed that among the lymphocytes, there is a marked heterogeneity

in adherence with B lymphocytes at the positive end of the scale

(Julius et al., 1973). Thorough removal of monocytes with adherent

surfaces results in substantial lymphocyte loss, preferentially of
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B cells (Bloom et al., 1976). Hence monooytes prepared by

differential adherence tend to be contaminated with B lymphocytes.

Functionally, the adherent population was more phagocytic than

unfractionated EBL or the non-adherent population. The viability

of adherent cells was little affected by mechanical or chemical

detachment; and this was in contradistinction to what other workers

have observed (Bodel et al., 1977).

In the past, nylon adherence has been used to obtain populations

enriched for B and T cells, where confirmation of enrichment was

based on surface immunoglobulin and on mitogen responses (Rouse and

Babiuk, 197^-)• Other workers (Grewal et al., 1976; Paul et al.,

1979a) have used separation by nylon wool adherence to support the

contention that bovine E-rosetting cells are T cells, corresponding

to spontaneous E-rosette-forming cells in the human system.

It has also been shown that nylon wool non-adherent cells were

enriched for E- and depleted of EA- and EAC-rosette-forming cells.

However, as noted in an earlier report (Grewal et al., 1976), sepan-

ation by nylon wool had limitations in that not only many of the

non-adherent cells, but also a significant percentage of the adher¬

ent cells formed E-rosettes. Moreover, it has been observed that

nylon wool separation results in lymphocyte activation causing

non-specific cytotoxicity (Wardley et al., 1976). This method,

therefore, might not be suitable for separation of cells to be

used in cytotoxicity tests.

In several species where optimal conditions for E-rosette

formation have been carefully determined, it is known that the vast

majority of thymocytes form E-rosettes (Renshaw, 1981). However,
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controversy exists about the efficiency of different methods used

for detection of bovine T lymphocytes, for example, quantification

of bovine peripheral blood T lymphocytes as determined by E-rosett-

ing is variable, ranging from b% (Higgins and Stack, 1977a) to

approximately 70% (Wardley, 1977) of the total lymphocyte population.

Neuraminidase treatment of SEBC or lymphocytes (Grewal et al., 1976)

and incorporation of dextran (Wardley, 1977) or dextran and AET

(Grewal and Babiuk, 1978; Paul et al., 1979a) into the test medium

have been reported to increase E-rosette formation by PBL or thymo¬

cytes. However, it has not been fully explained whether treatments

employed may actually increase the number of non-T cells that rosette,

rather than increasing the numbers of detectable T lymphocytes. It

is likely that the treatment either enhances the bond between the

fragile E-rosettes, thus making them detectable, or exposes more E-

rosette sites. Belden erfc al. (1981) used AET-treated SEBC in their

sequential rosetting and depletion of E-rosetted cells to obtain

different T cell subsets at each stage. Moreover AET-treated SEBC,

and AET-treated SEBC supplemented with dextran, detected different

subsets of T cells (Paul et al., 1979b).

In the present study, AET-treated SEBC and a single depletion

procedure were used in an attempt to obtain a homogeneous population

of T cells. The fractionation procedure was quite efficient, taking

just over 2 hours to complete, and yielded cell populations enriched

for T cells (E-EEC) and B cells (non-E-BEC) as characterised by

tests for the PNA and SIg receptors respectively.

EAC-rosettes have been used for the characterisation of bovine

B lymphocytes. Kenyon (1976) obtained 10-27% EAC-rosettes from
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peripheral blood of healthy cattle; and good correlation was seen

between the test for EAC and SIg. He used horse serum as a source

of complement. Biggins and Stack (1978) used mouse complement in

their study of bovine EBL and EAC-rosettes and obtained 7*3-60.7%

EAC-rosettes. In the present study several complement sources

were tested and horse serum was found to be the most suitable, giving

13.3-20.3% EAC-rosettes. Quantitative differences might explain

the efficiency of the various complement sources, but also there

could be preferential reception of horse complement by bovine lympho¬

cytes.

Theileria-infected cell cultures are usually initiated using

heterogeneous cell mixtures derived from the spleen, lymph node or

peripheral blood of infected cattle or by infecting cells in vitro

with sporozoites (Brown, 1979). This results in the eclipse of the

parasite in the primaiy culture and confuses the cellular origin

of the line (Kurtti et al., 1981). It has been demonstrated that

cells susceptible to T. parva are associated with the leucocyte

fraction of bovine peripheral blood (Brown et al., 1978b). Moulton

and Be Martini(l973) showed that T. parva sporozoites infect and

cause transformation of small lymphocytes. They also demonstrated

that early stages of macroschizonts develop in non-phagocytic cells.

Other workers have shown that T. parva parasites transform a sub-

population of T lymphocytes (Pinder et al.,1981b). However, the best

way to characterise target cells for Theileria parasites would be

first to fractionate heterogeneous cell populations into discrete

sub-populations and then try to infect the resultant sub-populations.
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The present study has demonstrated that fractionation of EBL

results in cell populations which differ in their infectibility

when they are co-cultivated with T. annulata sporozoites. The non-

phagocytic, adherent cell population was more readily infectible

than non-adherent cells or EBL. Since the majority of cells in

this population were B lymphocytes, one could then conclude that

B lymphocytes are more readily infected by T. annulata than T

lymphocytes. The rate of metabolism in cultures of freshly isolated

cell populations corresponded with the infection rates; cultures

with higher infection rates were metabolising faster. However, the

pre-cultured, adherent cells had a very low base line metabolism and

this made the stimulation indices (Si) of cultures of these cells
0 -1

inoculated with sporozoites at 10 and 10 appear to be very high.

Nylon wool adherent (B enriched) cells and EBL were more

infectible than the effluent (T enriched) cells. This again clearly

demonstrated that the enrichment of T cells reduces the infectibility

of the cell population by T. annulata. There was no significant

difference in infectibility between EBL and nylon wool adherent cells.

This might be attributed to the presence of a substantial number of

T cells that did not elute during the separation procedure.

In the two experiments where EBL were fractionated into E-REC

and non-E-REC, E-REC were less infectible than non-E-REC or EBL.

However, in the second experiment, non-E-REC were more infectible

than EBL, while no differences were noted between these two cell

populations in the first experiment. This would imply that E-REC

(T cells) were not efficiently depleted from non-E-REC in the first

experiment. Since non-E-REC are predominantly B cells (Grewal and
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Babiuk, 1978), these observations suggested that B enriched cell

populations were more readily infectible with T. annulata than the

T enriched populations. Generally the infected non-E-KFC cultures

had higher metabolic rates than infected cultures of E-EPC or EBLa
0 -1

However, E-RFC cultures inoculated with sporozoites at 10 and 10

had higher metabolic rates than the corresponding PBL cultures

although the latter had higher infection rates. This could be

explained by the suggestion that the infected, transformed cells

stimulated some of the non-infected T cells to transform into blasts;

a situation analogous to an autologous mixed lymphocyte reaction as

observed by Pearson et al. (19798).

It was also demonstrated that PBL isolated from anticoagulated

blood were more infectible than PBL isolated from defibrinated blood.

The most likely explanation for the differences observed is the

presence of a higher percentage of B lymphocytes in the PBL from

anticoagulated blood.

Con A is a specific T cell mitogen that stimulates T cells

into blast transformation (Pearson et al., 1979a). Pre-cultured,

Con A blasts used in this study were therefore predominantly T cell

lymphoblasts. Prom the foregoing account, it is not surprising that

Con A blasts were less infectible with T. annulata than fresh or pre-

cultured EBL. PBL pre-cultured for three days were more infectible

than all the other cell types tested in this study. The likely

explanation for this observation is that B lymphocytes survive

better than T cells in cultured, unstimulated PBL. However, the

differences observed between the infectibility of day 3 or 5 Con A

blasts and day II4 Con A blasts maintained in three different media,
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are hard to account for. The rosette assays demonstrated that the

T. parva cell lines contained higher percentages of cells with E

receptors than the T. annulata cell lines. On the other hand, T.

annulata cell lines contained a higher percentage of cells with Fc

receptors than the T. parva cell lines. T. parva cell lines pre¬

dominantly stained with FITC-PNA, while vezy few T. annulata-infected

cells stained with FITC-PNA. None of the cell lines stained with

FITC-IgG.

The uninfected BL20 cell line had the highest number of cells

with Fc receptors and it also had the least number of cells that

stained with FITC-PNA. This suggests that BL20 has its origin in

B cells. Only 53-5-67>9% of cells in T. parva cell lines formed E-

rosettes and 95% stained with FITC-PNA.. Also 23-0-26.3% of cells

in annulata cell lines expressed Fc receptors. The possible

explanation for this is that in a continuously growing cell line,

cells are at different phases of their division cycle -unless they

are synchronised. This means that the expression of surface pheno-

types is not uniform and certain surface markers may or may not be

present at a given moment.

On the basis of the data presented, one could conclude that

T. parva and annulata infect different cell types. T. parva

infects a sub-population of T lymphocytes. This can be said on

the basis that PNA is a bovine T cell marker (Pearson _et al., 1979a)

and nearly all the cells in _T. parva cell lines were positive for

PNA. This observation agrees with what others have observed (Pinder

et al., 1981b). Results of infectibility tests and rosette assays

suggest that JT. annulata infects mainly B lymphocytes. This
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contradicts the observation made by Mahan (1981) that both T. parva

and T. annulata infect T lymphocytes. Elsewhere, evidence has been

presented showing that EBL depleted of adherent cells (Kurtti _et

al., 1981; Stagg et al., 1982) were more infectible with T. parva

than whole EBL. In the present study T. annulata infected adherent,

lymphoid cells more readily than non-adherent cells or whole EBL.

This lends support to the contention that the two parasites infect

different cell types.

While these studies have shown that T. parva and T. annulata

infect different cell types, more studies are needed to accurately

define cell sub-populations that are the target cells for the two

parasites. Identification of the cell subsets infectible by the

parasites would provide a clue to the receptor sites for the para¬

sites, and the cell surface antigens that influence the type of

the host immune response against the infected cells.
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CHAPTER SIX

PRODUCTION OP BOVINE T CELL GROWTH FACTOR (INTERLEDKEN 2)
AND ITS USE IN PROPAGATION OP T CELL BLASTS

6.1 Introduction

Following the discoveiy that plant lectins stimulated the

proliferation of human T lymphocytes (Nowell, i960) soluble mito-

genic factors (MPs) were later found in alloantigen-stimulated

human leucocyte culture supernatants (Goldon and McLean, 19&5;

Kasakura and Lowenstein, 1965)• However for quite some time, the

functional significance of these mitogenic factors remained an

unanswered question. Later, it was reported that conditioned medium

(CM) from phytohaemagglutinin (PHA)-stimulated human peripheral

blood leucocytes (EBL) contained a mitogenic factor that supported

the continuous, exponential proliferative growth of T lymphocytes

from normal human PBL or bone marrow cells (Morgan _et al., 1976;

Ruscetti et al., 1977)• PHA alone was not able to promote cell

growth (Ruscetti et al., 1977; Bonnard et al., 1978). Coutinho

et al. (1979) demonstrated that conditioned medium obtained from

concanavalin (Con A)-stimulated murine spleen cell cultures main¬

tained mitogen-derived T cell blasts in exponential growth for a

long time. The factor in the conditioned medium responsible for T

cell proliferation was named T cell growth factor (TCGF) (reviewed

by Smith, 1980 ). A revised nomenclature for TCGP was proposed at

the Second International Lymphokine Workshop held in Ermatigen,

Switzerland, May, 1979» and TCGP was renamed Interleukin 2 (IL2)

(De Week et al., 1980). However, for purposes of clarity of refer¬

ence in this thesis TCGP will be used throughout.
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Recent reports have described optimum conditions for the pro¬

duction of TCGF in the murine system (Gillis _et al., 1978; Rosenberg

_et al., 1978) and in the human system (Alvarez et al., 1979; Ruscetti

et al., 1980). The same workers have also reported sensitive methods

for the microassay of TCGF activity in the conditioned medium pro¬

duced in the two systems.

TCGF has been utilized to propagate specific cytotoxic T cell

blasts in murine (Gillis and Smith, 1977) and in human (Strausser

and Rosenberg, 1978) systems following in vitro sensitization of cells

in mixed leucocyte cultures using tumour or allogeneic cells.

The present work was undertaken to define the requirements for

the production of conditioned medium, in the bovine system, containing

optimal amounts of TCGF that would support long term growth of

lymphoid cells, and also to develop a method for the microassay of

the TCGF activity in such conditioned medium. It was hoped that the

system would be used to grow large numbers of specific cytotoxic T

cell blasts that would be used in the in vitro evaluation of cyto¬

toxicity against T. annulata-infected cells.

6.2 Standardisation of Lectin Rose and Cell Concentration for

Optimal Production of T cell Blasts

6.2.1 Introduction

Results of the studies carried out in the murine system

have shown that generation of conditioned medium containing maximal

titres of growth factors depended on incubating optimal cell con¬

centrations in specific concentrations of Con A for a defined period

of time (Rosenberg et al., 1978).
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In the present study, similar experiments were conducted to

define lectin and cell concentrations necessary for the production

of optimal blast transformation of the bovine EBL, a precursor to

the production of TCGF. The growth medium used in this study and

in the rest of this chapter was given an additional supplementation

of 5 x 10~^M 2-mercapto-ethanol (2-ME) (Sigma Chemical Co.) because

of the constant improvement of cell viability which it seems to

provide (Kristensen et al., 1982).

6.2.2 Materials and methods

Different cell concentrations of viable EBL suspended in

the growth medium were dispensed into wells of flat bottom micro¬

ti tre plates. Each well received 100 ql of cell suspension. Cell

densities ranged from 0.5 x 10^ to 1+ x 10^ per ml after the addition

of mitogen aliquots. Yarious concentrations of mitogens in 100 pi

of growth medium were added to each well. The following final con¬

centrations of mitogens were used: Concanavalin A (Con A) 2.5> 5»

10 and 20 pg/ml; PHA 1, 10, 25, 50, 100, 200, 1+00 and 1000 qg/ml.

Each of the control wells received 100 pi of the growth medium

without mitogen. All tests were done in triplicate. The plates

were incubated in a humidified atmosphere of 5% CO2 in air at 37°C
for three days, after which each well received 20 pi of growth

medium containing 1 p Ci tritiated thymidine (^H-TcLR) and the plates

were incubated for 18 hours. The cells were then harvested, the

3amount of -\E-TdR incorporation was determined in a liquid scintill¬

ation counter and the results were expressed both as mean counts per

minute(MCEM) and stimulation indices (Si) as described in Chapter 3-
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Student's t test was used to analyse the data; and in the

analysis, individual SI obtained for the three replicates at each

of the lectin and cell concentrations were used. The data obtained

for PHA was first transformed into natural logarithms before the

analysis was done.

6.2.3 Results

(a) PBL response to PHA stimulation: The results are summar-

ised in Figure 8a and the detailed data in Appendix Table 6. Good

response to the lectin was noted at 10 |ig/ml and above when cells

were used at 0.5 x 10^ and 1.0 x 10^/ml, while good response was

noted at 25 (ig/ml and above when cells were used at 2.0 x 10^/ml.
The response of cells at 1+.0 x 10^/ml was poor at all the lectin

concentrations used. The response of cells at 0.5 x 10 /ml was

significantly higher at lectin doses of 25, 100, 200 and 1+00 (ig/ml

than the corresponding response of cells at 1.0 x 10^/ml (P < 0.05).
g

Again the response of cells at 1.0 x 10 /ml was significantly higher

at lectin doses of 10, 50, 100, 200 and I4OO (ig/ml than the corres-

g
ponding response of cells at 2.0 x 10 /ml (P < 0.05). Cells at

g
I4.O x 10 /ml were significantly less responsive at doses of 25, 50,

200 and 1+00 |ig/ml than cells at 2.0 x 10^/ml (P < 0.05).

(b) PBL response to Con A stimulation: The results are summar¬

ised in Figure 8b and the detailed data in Appendix Table 7• At

all cell densities used the best responses were observed when the

lectin was used at 2.5 and 5*0 |ig/ml. The responses of cells at
g

2 x 10 /ml were significantly higher (P < 0.05) than the responses

6
of cells at I4..O x 10 /ml at all the lectin doses used. Also the

response of cells at 2 x 10 /ml was significantly higher than all the

other cell densities at the lectin dose of 10 ug/ml.
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Figure 8a Bovine PEL response to PHA. stimulation: effect

of starting cell concentration.
• • 0.5 x 10^ cells/ml
o o 1.0 x 10^ cells/ml
n a 2.0 x 10^ cells/ml
a a i|.0 x 10^ cells/ml
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CON A CONC ( p9/M L)

Figure 8b Bovine FBL response to Con A stimulation: effect of
starting cell concentration.

• #0.5 x 10^ cells/ml
c

O o 1.0 x 10 cells/ml
□ □ 2.0 x 10^ cells/ml

£

A a I4..0 x 10 cells/ml



188.

6.2.1+ Conclusion

This study has given indications as to what doses of the

lectins produce optimal blast transformation of bovine PBL, which

is a precursor to TCGF production.

Gillis _et al. (1978) have shown that in the murine system,

mitogenic concentrations of Con A that effected the maximum SI also

elicited the greatest quantities of TCGF. However, where purifi¬

cation of TCGF in the CM is not anticipated, the use of a higher

cellular concentration should be considered. It has been observed

that CM produced at high cellular density are more deprived of

residual lectin than those produced at lower cell concentration

(Alvarez et al., 1979)• This is presumed to be due to a better

absorption of the lectin by the high number of cells present in the
g

culture. Therefore 2 x 10 cells/ml, 100 pg/ml PHA and 10 pg/ml

Con A were the cell density and mitogenic concentrations selected

for use in the subsequent experiments.

6.3 Microassay for TCGF Activity

6.3.1 Introduction

The capacity of different supernatants to promote the MA

synthesis of cultured T cells (CTC) was used as a basis for measuring

TCGF activity (Bonnard et al., 1978; Gillis et al., 1978). For this

purpose, CTC that had been growing for at least ten days were used

as target cells for TCGF. The present study which was based on the

methodology of Dr. J<,M. Faed of South East Scotland Blood Trans¬

fusion Service, Royal Infirmary, Edinburgh (personal communication,

1981), was undertaken in order to establish a microassay for TCGF
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activity in the bovine system. Con A-stimulated FBL blasts were

used as the target cells after six days of culture and the CM har¬

vested from the 2i|.-hour, Con A-stimulated FBL cultures was used as

the source of the TCGF.

6.3-2 Materials and methods

(a) Production of conditioned medium (CM): For production
6

of CM, FBL suspended in 10 ml of the growth medium at 2 x 10 cells/

ml were cultured with 10 pg/ml Con A in 25 cm flasks.

The supernatant medium was harvested 2k hours later by spinning

the culture aliquots at 3000 g for 20 minutes at 20°C. The sugar

a-methyl-D-mannoside (a-MM) (Sigma Chemical Co.), a specific Con A

inhibitor (Alvarez et al., 1979; Andersson et al., 1979) was added

to the CM at a final concentration of 20 mg/ml. After thorough

mixing, the mixture was incubated at 37°C for 30-^5 minutes, then

filtered through a sterile 0.22(0. MF and the filtered CM was stored

in 5 nil aliquots at -20°C until used.

(b) Preparation of T cell blasts for use in the microassay:
g

Bovine T cell blasts were prepared by culturing 2 x 10 viable FBL/

ml with Con A at 10 qg/ml final concentration. Human Con A T cell

blasts were included in the test as a positive control. They were

also prepared using FBL and Con A. Briefly, 20 ml of heparinised

blood were collected from the author and FBL were isolated by the

Ficoll-Paque technique. FBL obtained were then cultured at 2 x 10^
cells/ml, with Con A at 10 \xg/ml. After five days of culture, both

bovine and human culture aliquots were harvested and spun at 300 g

for five minutes at 20°C. The cell pellets were washed in growth

medium and then refed in the same volume of fresh growth medium



without lectin. Thus the blasts were "rested" from further stimul¬

ation. Cultures were gassed and incubated again and 2k hours later,

i.e. day 6 after initial culture with the mitogen, the blasts were

pelleted. The pellets were then washed several times in growth
£

medium and the concentrations were adjusted to 0.8 x 10 viable

blasts/ml of the same medium.

(c) Testing of TCGF activity in CM; 100 pi aliquots of blast

suspensions prepared as above were added to each well of flat bottom

microtitre plates followed by 100 pi of CM containing the putative

TCGF. Thus the concentration of CM was used at a 1 in 2 final dilution

with fresh growth medium. The controls included fresh growth medium;

Con A suspended in growth medium at 10 pg/ml and supernatants from

bovine FBL cultured for 2ip hours. Further controls included a

partially purified human TCGF, as a positive control (kindly supplied

by Dr. J.M. Faed) and a partially purified mouse TCGF (courtesy

of Dr. W.H. McBride of Bacteriology Department Medical School, Univer¬

sity of Edinburgh). Each of the bovine and human TCGF was tested

on self blasts and blasts from the other species. Mouse TCGF was

tested on both types of blasts. The bovine CM was used at a single

concentration of 1 in 2; human TCGF was used in twofold final

dilutions ranging from 1 in 1+ through to 1 in 32 while the mouse

TCGF was used at a single dilution of 1 in 1+. All tests were done

in four replicates. Cultures were incubated at 37°C in a humidified

atmosphere of 5% CO^ in air. After 2i+ hours of culture, each well
received 20 pi of growth medium containing 1 pCi ^H-TdR and the

incubation continued for 18 hours. Cultures were harvested and

3
H-TdR incorporation was determined as before. Results were expressed



191.

3
as mean counts per minute of -H-TcLR incorporation by Con A blasts

in an 18 hour microassay for TCGF activity. Stimulation indices

were also worked out as before.

6.3.3 Results

Conditioned medium obtained from bovine FBL cultured with

10 +ig/ml Con A for 21+ hours induced the greatest proliferative

response when tested on self blasts (Figure 9 and Appendix Table 8).

A 1 in It human TCGF also induced the greatest proliferative response

when tested on self blasts (Figure 10 and Appendix Table 9). The

control medium containing Con A produced a greater response than

human TCGF when both were tested on bovine T cell blasts. However,

human TCGF dilutions up to 1 in 16 produced a greater response than

Con A control medium when both were tested on human T cell blasts

(Figure 10). In both bovine and human target blasts Con A control

medium induced a certain amount of response although the response

was lower when compared to the one induced by self TCGF. However,

bovine TCGF was more potent on human blasts than the Con A control.

Moreover, both bovine and human blasts cultured in the presence of

3
decreasing amounts of human TCGF incorporated ^H-TcLR in a dose

dependent manner (Figures 9 and 10).

The mouse TCGF elicited a response below the lowest dilution

of human TCGF and just above the control medium when it was tested

on both types of target blasts.
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Figure 9 Assay of TCGF activity in conditioned medium

(CM) from 21+ hour Con A-stimulated bovine PEL
using bovine day 6 Con A blasts as target
cells.

1 Fresh growth medium
2 21+ hour FBI CM

3 Mouse TCGF

1+ 10 \ig/ml Con A

5 2l+ hour Con A-stimulated bovine PBL CM

Figure 10 Assay of TCGF activity in conditioned medium

(CM) from 21+ hour Con A-stimulated bovine
PBL using human day 6 Con A blasts as target
cells.

1 Fresh growth medium

2 21+ hour PBL CM

3 Mouse TCGF

1+ 21+ hour Con A-stimulated bovine PBL CM
+ a-methyl-D-mannoside

5 21+ hour Con A-stimulated bovine PBL CM



6.3.1+ Conclusion

These results have shown that day 6 Con A blasts are suit¬

able targets for use in the TCGF microassay. It has also been

demonstrated that murine TCGF is not effective when tested on

bovine or human target blasts. Con A control induced a certain

amount of proliferative response when it was tested on both bovine

and human blasts, although such a response was less than the one

induced by self TCGF. Such a response to Con A possibly indicates

that among the target cells used were some that were still responsive

to Con A. Bovine or human TCGF were more effective on self than non-

self blasts. However, bovine TCGF was reasonably potent on human

target blasts.

6.1+ Determination of Best Time for Harvesting Conditioned Medium

for use in Microassay for TCGF Activity

6.1+.1 Introduction

It has been observed that one of the factors that influence

TCGF production is the incubation time for the mitogen and TCGF-

producing cells prior to the recovery of the factor in CM (Gillis

et al., 1980; Ruscetti et al., 1980; Tanaka et al., 1981; Gullberg

et al., 1981). Although these workers have given conflicting

results in connection with the kinetics of TCGF production, they have

all come to the conclusion that a minimal amount of TCGF is produced

following an incubation period of less than 12 hours. The present

study was undertaken in order to define the optimal incubation time

for TCGF production in the bovine system. A comparison was made

between 21+ hour and 1+8 hour incubation periods, the two periods
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that have "been reported as "being optimal in the human and murine

systems (Gillis et al., 1980; Tanaka et a2., 1981; Gullberg et al.,

1981).

6.1+.2 Materials and methods

Replicate cultures of 10 ml PBL suspensions at 2 x 10^
cells/ml were stimulated with either 10 (ig/ml Con A or 100 ng/ml

PHA for 21+ hours or 1+8 hours. Conditioned medium from each of

these time points was harvested and assayed for TCGE activity on

target blasts. Washed, day 6 Con A blasts or PHA blasts were used

as target cells in the test. Each CM was tested on homologous

blasts in order to avoid the possibility of unreacted cells in the

target blasts reacting with residual lectin present in CM derived

from another lectin. The assay was carried out as already described

above. Each test was done at least in triplicate. The controls in¬

cluded blasts in medium alone, blasts in medium harvested from

unstimulated EBL cultured for 21+ hours, and lectin suspended in

medium at a concentration similar to that used in the preparation

of the test CM.

6.I+.3 Results

Conditioned media from each of the incubation time points

was assayed for TCGE activity and the results are shown in Tables

31 and 32. As can be seen, the 21+ hour PHA- or Con A-derived CM

induced a higher proliferative response in the target blasts than

the 1+8 hour CM.



Table31ProliferativeresponseofbovineTcellblastsculturedinconditionedmediumderivedfrom ConA-stimulatedbovineFBL

3

H-TcLRincorporation

TargetblastsMediumaddedCPM**StimulationIndex *Mean±S»D.(S.I.)

ConAblasts

Growthmedium(control)
2,205.0±

i+52.8

1.0

ConAblasts

2I4I1EBL-derivedmedium(control)
1,985.0±
317.4

0.9

ConAblasts

10(ig/mlConA(control)
3U3,800.0±
12,700.0

155.9

ConAblasts

2l|hConA-stimulatedEBLCM
798,210.0±
18,703.1

362.0

ConAblasts

i|8hConA-stimulatedPBLCM
520,380.0±
6,367.1

236.0

*Mean-S.D.ofthreereplicates **S.I.istheratioofmeancountsperminute(test)tomeancountsperminute(control)



Table32ProliferativeresponseofbovineTcellblastsculturedinconditionedmediumderivedfrom PHA-stimulatedbovinePBL
Targetblasts

Mediumadded

3

H-TdRincorporation
CPMStimulationIndex

*Mean-S.D.(S.I.)

PHA-blasts

Growthmedium(control)
1,81+8.3f

56J+.1

1.0

PHA-blasts

2l\h.PBL-derivedCM(control)
2,033.0±
1^2.6

1.1

PHA-blasts

100(jg/mlPHA(control)
153,38^.0±
1,175.3

83.0

PHA-blasts

2i|hPHA-stimulatedPBLCM
225,02^.0±
2,030.0

138.0

PHA-blasts

ij.8hPHA-stimulatedPBLCM
219,912.0±
2,958.1

119.0

*Mean*S.Doofthreereplicates
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6.1|..l+ Conclusion

The results of this study have shown that 2i+ hour-conditioned

medium from Con A- or PHA-stimulated cultures had more TCGF activity

than 1+8 hour CM. In the subsequent experiments, a 2l+ hour incubation

period was chosen as the time point for harvesting lectin-derived CM.

6.5 A Simplified Method for the Production of Bovine CM-containing

lectin-free TCGF

6.5.1 Introduction

The lectin present in TCGF-containing supernatants has

several direct effects on cellular interactions that can interfere

with the studies of the role of TCGF itself in immunological pro¬

cesses (Tartof, 1980). Several techniques for removing Con A

(Watson et al., 1979) and PHA (Fagnani and Bratz, 1980) from TCGF-

containing CM have been described. However, these techniques are

quite laborious to perform. More recently, Spiess and Rosenberg

(1981) have described a simplified method for the production of

murine TCGF free of lectin. In this method, murine splenocytes

were exposed to 10-20 pg/ml Con A for two hours before washing the

cells and incubating them in medium for an additional 20 hours to

produce TCGF-containing CM. An attempt was made in the present study

to prepare lectin-free, TCGF-containing CM, in the bovine system,

based on the method described by Spiess and Rosenberg (1981).

6.5.2 Materials and methods

(a) Production of lectin-free CM: A suspension of PBL in
c.

growth medium was adjusted to 2 x 10 viable cells/ml and 10 ml
2

aliquots were dispensed in 25 cm culture flasks. PHA was added to
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each flask at a final concentration of 100 ng/ml. Cultures were

gassed with 5% CO2 in air and incubated at 37°C for one or two hours.
Following this incubation, cultures were harvested and centrifuged

in sterile plastic universal bottles at 300 g for five minutes at

20°G. Each pellet was then washed twice in 10 ml of MEM at 300 g

for five minutes at room temperature. Each final pellet was resus-

pended in fresh growth medium, without the lectin, back to the

original volume of PHA incubation. The cells were not recounted.

Cultures were gassed as before, and incubated at 37°C for 2l+ hours.

The supernatants were harvested, centrifuged at 3000 g for 20

minutes at 20°C, filtered through a 0.22|i MF and stored at -20°C.

(b) Preparation of lectin-containing CM: FBL suspended at

2 x 10^ cells/ml in growth medium were cultured with 100fig/ml PHA.

After 2I4 hours incubation, the supernatants were harvested and

treated as above. The resultant CM was filtered through a 0.22q MF

and stored at -20°C until used.

(c) Demonstration that one of the two types of CM prepared

above was lectin free: The mitogenic response of fresh lymphocytes

to PHA. was used as a bioassay for the presence of PHA in CM. Ali¬

quots of 100 |al of PBL suspensions at 2 x 10^ cells/ml were added

to each well of a round bottom microtitre plate followed by 100 jj.1

of test or control CM. The test CM were the 2k hour CM harvested

from PBL following initial stimulation with PHA for one or two hours.

The controls were: (l) fresh growth medium; (2) supernatants har¬

vested from PBL cultured for 2i+ hours in medium alone; (3) PHA sus¬

pended in medium at 100 ng/ml and (U) 2i+ hour CM harvested from PBL

cultured with 100 pg/ml FHA„ All cultures were done in triplicate.
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3
After 72 hours of culture, cultures were pulsed with 1.0 p Ci H-TdR,

incubated again and 18 hours later cells were harvested and the
3

amount of H-TdR incorporated was determined as before.

(d) Assay for TCGF activity in lectin-free CM: TCGF activity in

the putative lectin-free CM was determined by an assay, based on

3
H-TdR incorporation by blast cells, similar to the one already

described. Washed, day 6 PHA-blasts were used as target cells in

the assay. The test CM and control media were similar to the ones

used in the previous experiment.

6.5.3 Results

(a) Demonstration of absence of PHA in the putative lectin-

free CM: The results presented in Table 33 show that regular CM

derived from PHA-stimulated lymphocytes elicited a higher prolifer-
3ative response reflected in the high levels of H-TdR incorporated

by fresh lymphocytes cultured in the CM; while preparations of

"lectin-free" CM stimulated a low level of proliferative response.

Moreover, there were no significant differences in the amount of

3
H-TdR incorporated by lymphocytes cultured in the two types of

"lectin-free" CM tested when individual counts per minute were

compared by Student's paired t test (P < 0.05). However, the

proliferative response of PBL cultured in medium alone was signifi¬

cantly lower than the response of PBL in each of the two "lectin-

free" CM (P < 0.05). This was an indication that the supposedly

lectin-free CM contained at least a certain amount of residual free

lectin that stimulated some of the fresh lymphocytes to proliferate.
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(b) Assay for TCGF activity in lectin-free CM: A clear differ¬

ence in TCGF activity was observed between the lectin-free and

lectin-containing CM, with a much higher level of activity in the

latter (see Table 3i+). Furthermore, blasts cultured in lectin-
3

containing CM incorporated higher levels of ^H-Tdfi than the blasts

in medium supplemented with 100 (ig/ml PHA.



Table33Proliferativeresponseoffreshlymphocytesculturedindifferentconditionedmedia Targetcells

Mediumadded

3

H-TdRincorporation
GPMStimulationIndex

*Mean*S„D.(S.I.)
EBL

Growthmedium(control)

1,319.0±66.0

1.0

FBL

2l+hPBL-derivedCM(control)
1,1+21.7±363.5

1.1

EBL

100pg/mlPHA(control)
35,613.0±810.0

27.0

PBL

2l+hPHA-stimulatedPBLCM
1+1+,81+6.0±389.3

3b.0

PBL

1hPHAstimulation,2l+hCM ("lectin-free"CM)

3,03l+.0±233.5

2.3

PBL

2hPHAstimulation,2l+hCM ("lectin-free"CM)

3,69I+.0±165.5

2.8

*MeaniS.D.ofthreereplicates



Table3l+TCGFactivityin"PHA-free"andPHA-containingconditionedmedium(CM) Targetcells

Mediumadded

3

H-TdRincorporation
CountsperminuteStimulationIndex *Mean±SoD.(S.I.)

PHA-blasts

Growthmedium(control)

2,31+8.0±301+.3

1.0

PHA-blasts

2l+hPBL-derivedCM(control)
2,11+8.0±161.9

0.9

PHA-blasts

100(Jg/mlPHA(control)

10,866.0±1,622.2

6.8

PHA-blasts

2l+hPHA-stimulatedPBLCM
50,996.0±1,916.5

21.7

PHA-blasts

1hPHAstimulation,2l+hCM ("lectin-free"CM)

3,908.0±663.3

1.7

PHA-blasts

2hPHAstimulation,2l+hCM ("lectin-free"CM)

3,931+-0±1+30.2

1.7

*Mean*S.D.ofthreereplicates TCGF=Tcellgrowthfactor
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6.5.1* Conclusion

Although the method was effective in removing nearly all the

lectin from the CM, it produced CM with very low TCGP activity. A

one to two hour exposure of EBL to PHA followed by a 21* hour incu¬

bation period did not lead to the production of TCGP in the same

quantity as would have been produced if PHA were continuously pre¬

sent. These results contradict observations made by Spiess and

Rosenberg (1981).

Because of the low levels of TCGP produced, the method was not

adopted for use in the subsequent experiments.

6.6 Comparison of TCGF Activity in CM Produced by Stimulation of

PBL with Con A or PHA

6.6.1 Introduction

It has been observed that in the human system, stimulation

of cells with PHA leads to a higher TCGP production than stimulation

with Con A (Alvarez, 1979). However, mouse or rat cells were brought

into maximal TCGP production after Con A rather than after PHA

stimulation (Gillis et al., 1978). This study was undertaken in order

to compare the activity of TCGP in CM produced using Con A and PHA.

6.6.2 Materials and methods

Washed, day 6 Con A or PHA blasts were used as target cells

in the standard TCGP microassay as already described above. CM

produced using each lectin and EBL were tested on self blasts and on

blasts produced using the other lectin. Controls included medium

alone and each of the lectins suspended in medium at concentrations

similar to the ones used to produce CM. Each test was done in tri¬

plicate.
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6.6.3 Results

Conditioned medium produced following stimulation of FBI

with Con A induced a higher proliferative response in both types

of blasts used as target cells in the test (see Table 35)• As can

be seen, the lectins also induced proliferative responses in the

blasts, but these responses were lower compared to the ones elicited

by the lectin-derived CM (P < 0.05, t test).



Table35ProliferativeresponseofTcellblastsculturedinconditionedmedium(CM)producedbyConA orPHA-stimulatedbovinePBL

3

H-TcLRincorporation

TargetcellsMediumaddedOPMStimulationIndex *Mean±S.D.(S.I.)

ConAblasts

Growthmedium(control)1

1,1+02.0
±

91-5

1.0

ConAblasts

10fig/mlConA(control)
21+,668.0
±

956.1

17.6

ConAblasts

2l+hConA-stimulatedPBLCM
1+7,1144.0
±

1,1+00.0

33-6

ConAblasts

100+ig/mlPHA(control)

12,189.0
±

1,017.2

8.7

ConAblasts

2i4hPHA-stimulatedPBLCM
32,11+7.0
±

612.6

22.9

PHA-blasts

Growthmedium(control)

1,282.0
±

111.2

1.0

PHA-blasts

100+ig/mlPHA(control)

17,270.0
±

691.6

13.5

PHA-blasts

2l+hPHA-stimulatedPBLCM
32,000.0
±

743.2

25.0

PHA-blasts

10|ig/mlConA(control)
11+,320.0
±

1+27.1

11.0

PHA-blasts

2l+hConA-stimulatedPBLCM
31+,320.0
±

389.3

26.8

*Mean-S.D.ofthreereplicates
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6.6.k Conclusion

This study has shown that in the bovine system, stimulation

of PBL with Con A led to production of CM with higher TCGP activity

than stimulation with PEA. This difference presumably reflects the

distinctive responses to Con A and PHA by bovine cells. Because

Con A-CM induced higher responses in the blasts than PHA-CM, Con A

was used for production of CM in subsequent studies.

6.7 Growth of T cell Blasts in CM Prepared from Bovine PBL and

Spleen Cells

6.7.1 Introduction

The following study was designed to compare the efficacy

of CM prepared from bovine PBL or spleen cells in supporting the

growth of T cell blasts.

6.7.2 Materials and methods

(a) Preparation of conditioned media (CM): CM were prepared
c

by incubating bovine PBL or spleen cells at 2 x 10 /ml with 10 qg/

ml Con A for 2k hours. Cell-free supernatants were harvested: some

were treated with a-MM (20 mg/ml) and then filtered through a 0.22jj.

MP; some were simply filtered and others were not treated at all as

indicated in individual results.

(b) Testing the ability of CM to support growth of T cell

blasts: A series of three experiments was done. Washed, day 6 Con

A blasts were suspended at I4 x 10 cells/ml in growth medium. In

the first two experiments, 0.5 ml of blast cell suspension was added

to each well of tissue culture plates, followed by 0.5 ml of the



207.

relevant test CM or control medium. In the first experiment, the

CM were not treated with a-MM while in the second experiment two

of the three test CM were treated with a-MM. In both experiments

controls were: (1) fresh growth medium; (2) 10 [ag/ml Con A sus¬

pended in growth medium. Each test was done in quadruplicate.

In the third experiment, 10 (j.1 aliquots of blast cell sus¬

pension were added to each well of round bottom microtitre plates,

followed by 100 pi aliquots of test CM or control media. The test

CM were: (1) unfiltered; (2) filtered; (3) treated with a-MM and

then filtered. The control Con A suspension was also filtered.

(c) Culture handling: On alternate days, 0.5 ml of cell-free

supernatant medium was carefully removed from each well in the

first two experiments and replaced with 0.5 ml of the relevant

medium.

(d) Evaluation of cultures: On days indicated in the results,

cultures in each well in experiments 1 and 2 were thoroughly mixed

with a pasteur pipette and a 0.1 ml aliquot was removed and used

for total and viability counts. Results were expressed as a mean

of total viable cells of the four replicates.

In the third experiment, plates were incubated for 22+, 2+8 and

72 hours and after each incubation, cultures were pulsed with 1 nCi

H-TdR for 18 hours, cells were then harvested and the amount of

3
H-TdR incorporated was determined as before. Results were expressed

as mean counts per minute (CRM) and stimulation index (Si).



Table36ProliferativeresponseofbovineTcellblastsculturedinconditionedmedia(CM)derived fromConA-stimulatedbovinePBLorspleencells
3

H-TcLRincorporation:StimulationIndex

Targetcells
Mediumadded

Pulseday 1

Pulseday 2

Pulseday 3

ConA-blasts
Growthmedium(control)

1.0

1.0

1

.0

ConA-blasts
Filtered,10p,g/mlConA(control)
25-3±6.9

20.7±3-9

10.3

±1.5

ConA-blasts
UnfilteredConA-stimulatedPBLCM
U9.3*5.0

31.8±2.6

13.7

±1.0

ConA-blasts
FilteredConA-stimulatedPBLCM
Ul.Q±2.2

31.6±6.6

11+.0

±1.3

ConA-blasts
FilteredConA-stimulatedPBLCM+aMM
36.8±3.7

32.6±12.3
16.2

±1.1

ConA-blasts
UnfilteredConA-stimulatedspleencellsCM
63.1±13.9
73-1±9-8

18.0

±0.8

ConA-blasts
FilteredConA-stimulatedspleencellsCM
81.8±31.0

82.3±7.6

53.0

±9.1

ConA-blasts
FilteredConA-stimulatedspleencellsCM+aMM
62.9±10.6
73-5±9.2

JL+0.6

±h.l

^StimulationIndexgivenasMean±S.D.offourreplicates aMM=a-Jiethyl-D~mannoside
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6.7-3 Results

Initially cell viability decreased rapidly in all cultures

(Figures 11 and 12). However, after three days of culture, cells

incubated with CM from Con A stimulated spleen cells or FBI started

to increase in number. In the first experiment, cell number in¬

creased from day 3 after initiation of blast cultures only where

CM derived from the spleen cells was used (Figure 11). In the

second experiment, all the CM had stimulated a proliferative re¬

sponse in the cultured blasts by day 9 (Figure 12). In both

experiments, however, cell density declined progressively where

the fresh growth medium and the control Con A were used. In the

third experiment, all the CM tested were very active; even the

least active ones stimulated a significantly higher proliferative

response of the blasts than the control Con A (P < 0.0$, t test)

as reflected by the stimulation indices (Table 36). From the

table, it can also be seen that each of the spleen CM tested stim¬

ulated a significantly higher proliferative response than the

corresponding EBL-derived CM (P < 0.01, t test). The blast pro¬

liferative response was monitored better when the cells were pulsed

3
with H-TdR on day one or two than when they were pulsed on day

three of culture.



Figure 11 Growth of day 6, bovine Con A blasts in
conditioned medium (CM)

□ □ Growth medium

• •lO i±g/ml Con A

o——o 2h hour Con A-stimulated bovine EBL CM

■— -'»2k hour Con A-stimulated bovine spleen
cell

Each point represents mean of three replicates

Figure 12 Growth of day 6, bovine Con A blasts in
conditioned medium (CM) derived from 2b, hour

Con A-stimulated bovine EBL or spleen cells.
d a Growth medium

• «10 (ag/ml Con A
o 0 2l; hour Con A-stimulated EBL CM + a-MM

+ y 2i+ hour Con A-stimulated spleen CM + a-MM
■ ■ 2i+ hour Con A-stimulated spleen cell CM

Each point represents mean of three replicates
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6.7.1+ Conclusion

The conclusions drawn from the three experiments were that:

(1) bovine spleen cells produced CM containing significantly higher

amounts or more potent TGCP (and possibly other mitogenic factors)

than CM from PEL; (2) in the initial stages of culture, filtered CM

induced a lower proliferative response, but with increased time of

culture, the filtered CM elicited a better response than unfiltered

CM. A similar effect was noted with CM treated with a-MM to

inactivate the residual lectin.

In subsequent studies, spleen cells were used for the pro¬

duction of CM.

6.8 Use of Conditioned Medium (CM) to Propagate T Cell Blasts

6.8.1 Introduction

The successful initiation and maintenance of T cells in

continuous cultures is strictly dependent upon the presence of

conditioned medium which contains high titred TCGF (Smith, 1980).

However, T cells require priming with antigens or lectins before

they can respond to TCGP (Smith, 1980 ; Hardt et al., 1981).

After the initial signal has been received, the original acti¬

vating ligand(lectin or antigen) is no longer necessary for pro¬

liferation of TCGP-responsive cells; TCGP rather than the ligand

provides the necessary mitogenic stimulus to the cell (Smith, 1980).

Having successfully demonstrated that conditioned medium from

lectin-stimulated mononuclear cells induced a proliferative response

in bovine T cell blasts, an attempt was made to propagate long term

T cell blasts in CM.
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First the influence of starting cell numbers on the growth of

blasts in CM was investigated; this was followed by attempts to

maintain T cell blasts in CM for a long time.

6.8.2 Materials and methods

(a) Preparation of conditioned media (CM): Conditioned media

were prepared from EBL or spleen cells as already described. The

cell-free supernatants recovered were either treated with a-MM then

filtered or they were filtered without any treatment. They were

then stored at -20°C until used. Storage for several months in this

way did not affect their T cell growth-promoting activity.

(b) The influence of starting cell numbers on growth of T cell

blasts in CM: Washed, day 6 Con A-FBL blasts were assessed for their

viability and then adjusted to 2 x 10^, 2 x 10^, 1 x 10^, 2 x 10^
and x 10^/ml. Aliquots of 0.5 ml of cell suspension at each con¬

centration were added to wells of tissue culture plates, followed

by 0.5 ml of the relevant test CM. Thus the final cell concentration

varied from 10^ through to 2 x 10^ cells/well. Each test was done

in triplicate. On alternate days, 0.5 ml of cell-free supernatant

was removed from each well and replaced with 0.5 ml of relevant medium.

On days 1, 3 and 6 of culture, total viable cells per well were

counted and the mean of the replicate for each test was obtained.

(c) Continuous growth of T cell blasts in CM: T cell blasts
g

prepared as above were suspended at 1+ x 10 cells/ml in growth

medium. Aliquots of 0.5 ml of cell suspension were seeded in each

well of a culture plate, followed by 0.5 ml of one of the following:

(1) fresh growth medium, (2) fresh medium supplemented with 10 (jg/ml
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Con A and (3) CM derived from Con A-stimulated spleen cells. Each

test was done in quadruplicate. The plate was incubated at 37°C
in a humidified atmosphere of 5% CO2 in air. Medium changes in¬
volved doubling the relevant medium in each well on day 3* Subse¬

quent changes involved removing 1 ml of cell-free medium from each

well and replacing it with an equal volume. The total number of

viable cells per well were counted, using the trypan blue dye

exclusion test, on every second day starting with day 1 of culture.

The results were expressed as a mean of the four replicates. Sub-

culturing was done only when a cell density of 1+ x 10 /well or over

was attained. The experiment was terminated on day 21 because of

bacterial contamination.

(d) Continuous growth of T cell blasts in CM with and without

residual Con A: In this experiment, the culture method was the same

as the one used in the previous experiment except that only two types

of cultures were initiated: one in which T cell blasts were esta¬

blished in CM treated with a-MM and the other in non-a-MM-treated

CM. Cells were seeded at 2 x 10 /well and the CM were used at a 1

in 2 final dilution with fresh growth medium. No control medium or

Con A-supplemented medium was used since these had previously been

ineffective in sustaining cell growth. Culture maintenance, sub¬

culture and culture assessment were all done as in the previous

experiment.

Additionally, cultured blasts were tested for the presence of

surface markers using treated sheep red blood cells in the E-, EA-

and EAC-rosette tests using the techniques already described in

Chapter 5* The rosette tests were done at the beginning of
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propagation of the cells in CM and thereafter at selected intervals

as recorded in the results. Giemsa-stained cytocentrifuge smears

were also made at selected intervals and the morphology of cultured

cells was evaluated with light microscopy at x 1000 magnification.

6.8.3 Results

(a) The influence of starting cell numbers on growth of T

cell blasts in CM: The results presented in Figures 13 and 1l+ clearly

demonstrate that cells seeded at low densities had very low viability

in culture. A consistent increase in cell numbers was only observed

when cultures were initially seeded at 2 x 10^ cells/ml. Hence in

all subsequent experiments, 2 x 10 cells/ml was used as the start¬

ing cell density.

(b) Continuous growth of T cell blasts in CM: The results pre¬

sented in Figure 15 show that in all cultures, cell density had

decreased rapidly below the seeding rate by day 1. Thereafter, only

the CM from Con A-stimulated spleen cells was capable of sustaining

exponential cell growth. Cells grown in the growth medium alone

never increased in number above the seeding density; while cultures

supplemented with Con A showed an increase in cell number above the

seeding rate on a single occasion.

(c) Continuous growth of T cell blasts in CM with and without

residual Con A: The growth pattern of T cell blasts in the two types

of CM used is shown in Figure 16. Both types of CM induced a pro¬

liferative response in the target cells with two peaks recorded after

the second and the fifth weeks.
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Examination of Giemsa-stained smears showed that the cells

were lymphoblastoid in appearance. They also displayed some mitotic

figures and about 15-20% of the cells had reddish, big (Azurophilic)

granules in their cytoplasm from the second week of culture. To

delineate further the nature of these cells, tests for the presence

of lymphoid cell surface markers were carried out; and the results

are presented in Table 37a« As can be seen, after six weeks of

culture, the vast majority of the cells (88%) were positive for

E receptors, a widely accepted marker for T lymphocytes (WHO, 197^+5

Higgins, 1981). The cells were negative for EA- or EAC-rosettes

throughout the culture period.
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Table 37a Formation of E-, EA-, and EAC-rosettes between blast

cells cultured in conditioned medium and treated SBBC

Time of test % E-rosettes % EA-rosettes % EAC-rosettes
*Mean ± S.D. *Mean ± S.D. *Mean ± S.D.

Beginning of
culture

Three weeks
of culture

Six weeks
of culture

25.0 ± 2.7

75-1 ± 3-2

88.0 ± 6.8

2.0 ± 0.7

*Mean - S.D. of three replicates

Table 37b Formation of E-, EA-, and EAC-rosettes between blast

cells and treated SBBC after 6 weeks in culture

% E-rosettes % EA-rosettes % EAC-rosettes
*Mean ± S.D. *Mean ± S.D. *Mean ± S.D.

Blasts +

■n'CM + a-MM

Blasts + CM
+ a-MM

Precultured
FBL + CM

Precultued
EBL + CM
+ a-MM

78.0 ± 2.3

82.1 ± 2.8

86.3 ± 3.1+

81.1+ ± 1.1+ 0

*Mean - S.D. of three replicates

j j
CM was derived from bovine spleen cells stimulated with Con A
for 21+ hours



Figure 13 Effect of starting cell density on growth of
Con A blasts in Con A-derived conditioned

medium.

• • 1.0 x 10^ cells/ml starting cell density

o o 1.0 x 10^ cells/ml starting cell density
g

► ► 1.0 x 10 cells/ml starting cell density

Each point represents mean of three replicates.

Figure 1l|. Effect of starting cell density on growth of
Con A blasts in Con A-derived conditioned

medium.

• #0.5 x 10^ cells/ml
g

O O1.0 x 10 cells/ml

► ^2.0 x 10^ cells/ml

Each point represents mean of three replicates.
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Figure 15 Growth of day 6, washed bovine Con-A blasts
in CM.

□ a Growth medium

• • 10 (jg/ml Con A
o o Bovine spleen cell-derived CM

Each point represents mean of three replicates.

S = Subculture
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Figure 16 Growth of day 6, washed bovine Con A-blasts
in CM derived from Con A-stimulated bovine

spleen cells.

O O CM + a-MM

• • CM

Each point represents mean of three replicates.
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6.8.1+ Conclusion

The results presented have shown that lectin-derived CM

could maintain lectin-primed cells in culture for a long time and

the cells maintained were lymphoblastoid in nature.

6.9 Growth of Cells Pre-cultured With and Without Con A in CM

6.9.1 Introduction

It has previously been shown that TCGF chemically freed

of lectin is not capable of causing proliferation of resting spleno-

cytes (Smith et al., 1979; Rosenberg et al., 1980). It has also

been noted that only activated T cells will proliferate in lectin-

free TCGF (Andersson et al., 1979). The present study was undertaken

in order to test the hypothesis that pre-culturing of normal bovine

FBL in the growth medium might render them responsive to TCGF.

6.9.2 Materials and methods

EBL were isolated from heparinised (10 i.u./ml of blood)

venous blood by the Ficoll-Paque gradient centrifugation technique.

Some of the FBL were cultured at 2 x 10^ cells/ml with 10 (ig/ml Con

A. The remaining FBL were cultured in growth medium alone at
6

2 x 10 cells/ml. On day 5 of culture, Con A-stimulated cultures

were washed, resuspended in the same volume of the fresh growth

medium without Con A and incubated again. On day 6, Con A-stimulated

cultures were thoroughly washed with IBS containing 20 mg/ml a-MM;

while FBL cultures in medium alone were washed in unsupplemented

FBS. The resultant cell pellets were each resuspended at 1+ x 10

viable cells/ml in growth medium. Aliquots of 0.5ml of cell suspension
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were added to each well in a culture plate, followed "by 0.5 ml ali¬

quot s of either CM in which residual Con A had been inactivated with

a-MM, or CM with residual Con A. No control medium was used. Each

test was done in quadruplicate. Incubation, medium changes and

assessment of cell numbers and morphology were all done as in the

previous experiment. However, cell characterisation for surface

markers using the rosette techniques was done once only after the

fifth week of culture.

6.9.3 Results

In all types of cultures, a decline in the viable cell

populations to levels below the seeding density was observed up to

the second week of culture (Figure 17)- Thereafter cell numbers

started to increase in all cultures. However, after the third week,

cell viability in cultures originally initiated from lectin primed

cells and a-MM-supplemented CM started declining. On the other hand,

cell numbers in cultures of primed cells and non-a-MM-supplemented

CM reached a peak after the fifth week of culture and thereafter

started declining (Figure 17). In the remaining two cultures,

however, there was a steady proliferative response.

Initially the non-primed cells consisted of macrophages and

lymphoid cells, but with increased time of culture, the macrophages

disappeared and by the third week the remaining cells were all lympho-

blastoid cells, but the macrophages were fewer; and disappeared by

the end of the second week. At the end of the third week, some

mitotic figures were observed in all cultures. The majority of cul¬

tured cells were positive for E-rosettes at the end of the fifth

week as shown in Table 37^, page 216.
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Growth of bovine day 6 washed Con A blasts and

day 6 precultured PBL in CM.

• • Blasts + CM

° ° Blasts + a-MM

□ □ Precultured PBL CM

a a Precultured PBL + a-MM

Each point represents mean of three repli
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6.9.U Conclusion

The initial decline in viability observed in cultures

initiated from cells not primed with Con A could be attributed to

the loss of macrophages and the unresponsiveness of unprimed lympho¬

cytes to TCGF. This may have led to some of them dying with

increased time of culture. On the other hand, the initial decline

in viability observed in cultures initiated from primed cells could

be mainly explained by the fact that not all the seeded cells were

initially responsive to TCGP; especially as the cells had been iso¬

lated from heparinised blood. Heparinised blood gives FBL with a

higher proportion of B cells than defibrinated blood; and B cells

do not respond to Con A stimulation. The eventual proliferative

response observed in the cultures of unprimed cells maintained in

the two types of CM was an indication that both types of CM con¬

tained residual Con A which rendered EBL responsive to TCGF stimul¬

ation.

6.10 Discussion

In this study, a series of experiments was done in order to

define parameters for optimal production of TCGP in the bovine

system. It was demonstrated that bovine lymphoid cells could be

grown in cultures for a long time, with the aid of factor(s) re¬

leased into conditioned medium (CM). The CM was obtained from

21+ hour Con A-stimulated lymphoid cultures. The main feature about

such CM was its ability to initiate and maintain a proliferative

response in lectin-primed target cells. The basic requirement for

the production of the growth factors was the use of mitogenic
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concentrations of the lectin to stimulate lymphoid cells for 21+

hours. The microassay of TCGF activity in such CM was based on an

increase in DNA synthesis by the target cells grown in CM, re¬

flected in the increased -^H-TdR incorporated by such target cells.

The assay was performed by pulsing target cells with JH-T&R for 18

hours after initially culturing in CM for 2i+ hours; and this was

found to be satisfactory. The CM obtained from cultures of spleen

cells stimulated with Con A contained more potent TCGF than CM

from PBL cultures stimulated with Con A. Again CM from Con A-

stimulated cultures contained more potent growth factors than CM

from PSA-stimulated cultures. Similar observations have been

recorded in the murine system where cells were brought into maximal

TCGF release after Con A rather than PHA stimulation; and murine

thymocytes were poor producers of TCGF while spleen and lymph node

cells were quite satisfactory (Gillis et al., 1978). On the other

hand, Con A represents a weaker or restricted stimulus in the human

system and maximal TCGF is produced with PHA (Alvarez et al., 1979)•

Recent studies by Baker and Knoblock (1982) have shown that bovine

spleen cells were poor producers of TCGF. Their findings could have

been influenced by the manner in which their CM were prepared. The

CM tested in their work were harvested after two days of culture.

Results of recent studies by Gullberg et al. (1981) have shown that

in the murine system maximum TCGF production takes place in the

first 18-21; hours of culture. Thereafter, there is a decrease in

both production and activity of TCGF. The decrease in production

is attributed to the inactivation of TCGF-producing cells by the

suppressor cells that appear in culture after 21; hours. The decrease
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in activity could, be due to absorption of some of the factor out

of the CM by cells that acquire the TCGP-receptor sites.

In this study it was noted that the continuous presence of

lectin for 21+ hours was necessary for TCGP production. The 2i+-hour

CM harvested from cultures that had initial PHA stimulation for one

or two hours did not show TCGP activity. In this respect, it is

noteworthy that these results were in apparent contradiction to

other observations on the ability of Con A-activated murine spleno-

cytes to produce TCGP after removal of the lectin (Spiess and

Rosenberg, 1981). On the other hand, it could be argued that in

those experiments, the removal of lectin was not complete; or the

discrepancies might be due to differences in the requirements of

cells from different sources, all competent to produce TCGP.

Mitogenic concentrations of the lectin that effected maximum

stimulation index (Si) also elicited the greatest quantities of

TCGP (Gillis et al., 1978). But higher cellular concentrations

(up to 5 x 10^/ml in the human system) than those effecting maximum

SI had other advantages (Alvarez et al., 1979)- Higher cellular

concentrations were presumed to be able to absorb residual lectin

in CM better than lower cell concentrations. Por this reason,

2 x 10 cells/ml and 10 jjg/ml Con A were used in the present study

and this combination gave satisfactory results.

The conditions for the production of TCGP reported in the

present study cannot be said to be optimal since the experiments

were performed with crude CM; even though other workers (Alvarez et al.,

1979; Bonnard et al., 1980) have claimed to have shown optimal
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conditions for TCGF production based on tests using crude CM.

Results of such tests cannot be interpreted accurately, since crude

CM might contain a number of substances that have either stimulat¬

ing or inhibiting effects on cell growth, notably (l) residual

lectin, (2) other mitogenic factors, (3) interferon, and probably

others. This view has been corroborated by other workers (Ruscetti

and Gallo, 1981). Based on this argument, it is an oversimplifi¬

cation to use TCGF and crude CM interchangeably although this has

been the case in most studies reported in the literature to date.

For ease of following the literature, a terminology similar to that

used by other workers was adopted in this study.

Results presented in Figure 15 demonstrated that activated T

cells are not capable of elaborating their own growth factors, as T

cell blasts grown in growth medium did not proliferate at all. Such

cells needed a continuous supply of exogenous growth factor for

continuous proliferation. Repeated addition of lectin suspended in

growth medium to such cells did not produce a proliferative response.

This observation was in agreement with the findings of others

(Andersson et al., 1979).

Repeated addition of conditioned medium with and without

residual Con A inactivation to pre-cultured, non-stimulated FBL

resulted in an exponential proliferative response (Figure 17). This

was an indication that both types of CM contained residual Con A

and putative growth factor(s). Con A inactivation was therefore not

complete when the sugar, a-methyl-B-mannoside (a-MM) was used. The

residual lectin enabled the non-primed EBL to acquire TCGF-specific
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binding sites, as suggested by Smith ( 198O ). Consequently these

cells were able to absorb and utilise TCGP from the CM for their

exponential growth. This corroborated earlier observations reported

by Morgan et al. (1976) and Ruscetti et al. (1977)- They suggested

that TCGP selected specifically for T cell growth. In their experi¬

ments, normal human FBI or bone marrow cells were cultured with CM

from IRA-stimulated EBL. The CM therefore contained both PEA and

putative growth factor, the former sensitising the cells to the

action of the latter.

More recently, Bonnard et al. (1978) noted that contamination

of TCGP by residual lectin was detrimental to prolonged survival of

cultured T cells and also affected their functional capabilities.

The effect of residual lectin on growth of cells was also noted in

the present study. Both the rate of cell growth and viability of

the cultured cells declined towards the end of week 8 of culture.

The unwanted effects of residual lectin can be obviated by

purifying the factors present in the CM. Purification has other

advantages too. The purified factor can then be chemically analysed.

However, to date, no-one has purified to homogeneity any of the

factors present in the crude CM; only partial purification has been

achieved. The apparent molecular weights of the partially purified

TCGP have been found to be 23,000 daltons in the human system

(Lachman et al., 1977)» 30,000 daltons in the murine system (Watson

et al., 1979) and 20,000 daltons in the bovine system (Baker and

Knoblock, 1982). Mier and Gallo (1980) have shown that TCGP has

properties which indicate that it is a non-glycosylated, non-

proteolytic protein.



228.

The demonstration that both human and bovine TCGF preparations

were positive in microassays whose target cells were Con A-stimulated

bovine and human FBL indicated lack of target cell species specificity

of the factor. This lack of species specificity is further supported

by the observation that human TCGF also showed proliferative stimul¬

ation when assayed on mouse target cells (Morgan _et al., 1976).

Both rat and mouse TCGF were equally positive when assayed on murine

target cells (Gillis et al., 1978); and purified human TCGF was

apparently active on a wide range of human and animal cells (Ruscetti

and Gallo, 1981). Apparently there is no species restriction when

one moves down the phylogenetic tree whereas the reverse is not true

(Smith, 1980).

Studies on prolonged cultures of T cells in CM in both human and

animal systems demonstrated that the initial factor-to-cell ratio

was crucial for cell survival (Gillis et al., 1978; Rosenberg et al.,

1978). In these studies optimal seeding densities were 10^ to

3 x lO5 cells/ml. In the present study, 2 2 10 cells/ml was the

optimal seeding density.

The cells propagated were lymphoblastoid in appearance. The

majority appeared to be purely T cells since they were over 80%

positive for E-rosettes, a test specific for T cells (WHO, 197U)

and were negative for EA- and EAC-rosettes. Elsewhere, Ruscetti

et al. (1977) contended that human cells growing in vitro were T

cells, on the grounds that they were positive for E-rosettes, nega¬

tive for SIg and were capable of responding, but were not stimulatory

in one way mixed lymphocyte cultures.
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Many questions relating to TCGF production and its mode of

action remain unanswered. Although it appears that TCGF is a T

cell product, the mechanism of its release is totally unknown.

What is known is that a ligand (lectin or antigen) initiates the

release of TCGF and at the same time renders another subset of

cells responsive to TCGF (Smith et al., 1979; Smith, 1980). It

is possible that the T cell growth factor could be providing

essential stimuli for cell growth or counteracting inhibitory

regulatory mechanisms preventing T cell multiplication (Rosenberg

et al., 1978). The growth of activated T cells does not, however,

appear to be due to a permanent alteration of the cells since

removal of TCGF leads to cessation of cell growth and eventual

death. The implication of this model for the immune system would

possibly be that the magnitude of TCGF production after antigen

activation and the capacity to respond to the factor would dictate

the degree of expansion of activated T cells (Smith et al., 1978).

Therefore studies directed towards further understanding of TGGF

production and its action should provide new insight into T cell

immune responses (Smith et al., 1980).

While the results in the present study need further investi¬

gation, they do indicate that in the bovine system, as in other

systems already investigated, a T cell growth factor or factors

are produced by the lectin-stimulated T cells.
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CHAPTER SEVEN

CELL-MEDIATED IMMUNITY IN THEILERIA ANNPLATA INFECTION

7.1 Introduction

Little is known about the effectors of immune responses in

tropical theileriosis. The schizonts, which constitute a major

pathogenic stage of the parasite, are not always detectable in

recovered animals. This indicates that the host animal's immune

responses are able to either eliminate the parasitised cells or

to inhibit their multiplication. Earlier approaches to the study

of cellular immunity to theileriosis used techniques which involved

the assessment of in vitro correlates of cellular immunity, for

example, the migration inhibition test (Muhammed ejt al., 197U;

Muhammed, 1975>b; Singh et al., 1977). Hie ability of Theileria

sporozoites to infect and transform leucocytes from normal cattle

in vitro into lymphoblastoid cell lines (Brown et al., 1973) has

made it possible to examine cellular immune responses, in Theileria

parva infections, within an autologous system. Thus it has recently

been suggested that cytotoxic cells are responsible for the elimin¬

ation of infected cells in T. parva infections (Pearson et al.,

1979b; Eugui and Emery, 1981; Allison, 1981). Specific cytotoxic

cells have been generated in vitro following a mixed leucocyte

reaction, but only when the responder cells were from cattle immune

to T. parva (Pearson et al., 1979b; 1982). Other studies have

demonstrated that genetically-restricted cytotoxic lymphocytes

against autologous parasitised cells are produced in T_. parva-immune

cattle (Allison and Eugui, 1981; Eugui and Einery, 1981; Bnery at

al., 1981a,b). The effector cells in these responses have been
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shown to be T lymphocytes (Emery et al., 1981c). Antibody-dependent

cellular cytotoxicity (ADCC) has also been demonstrated when bovine

T. parva antisera and normal bovine PBL were tested against a T.

parva cell line (C2) (Duffus et al., 1978a). This raised the possi¬

bility of ADCC playing a role in recovery from Theileria infections.

While the majority of the work reported to date has been on T. parva,

in the present study three facets of cellular immune responses in

T. annulata infections, viz: in vivo and in vitro generation of cyto¬

toxic T lymphocytes, and ADCC, have been examined.

7-2 In vitro evaluation of cytotoxic activity of PBL and spleen

cells in patent tropical theileriosis

7.2.1 Introduction

Cattle infected with T. parva or T. annulata can recover

either spontaneously or after treatment. Spontaneous recovery has

been recorded in East Coast fever (Brocklesby _et al., 1961; Wilde

et al., 1968) and in tropical theileriosis (Adler and Ellenbogen,

1935; Sen and Srinivasan, 1937; Donatien and Lestoquard, 1938;

Rafyi et al., 1965). In other instances, recovery has been effected

by treatment with tetracyclines (Brown et al., 1977a-) menoctone

(McHardy et al., 1976; Dolan and McHardy, 1978), compound 993C

(McHardy et al., 1980) and halofuginone (Schein and Yoigt, 1979).

Recovered cattle are solidly immune to challenge with homologous

parasites for at least three years in the case of ECP (Burridge

et al., 1972) and about one year in tropical theileriosis (Sergent

_et al., 191*5; Hooshmand-Rad, 1973). Although the effector mechanisms

of immunity have not yet been fully investigated, there is increasing
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evidence that cell mediated immune mechanisms, first suggested by

Hulliger et al. (19&5) and later Wilde (19^7)s do operate against

schizont-infected cells in T. parva infections (Pearson _et al.,

1979b» 1982; Emery and Morrison, 1980; Emery et al., 1981a,b;

Eugui and Energy, 1981) and in T. annulata infection (Singh et

al., 1977; Preston et al., 1983).

Cytotoxic cells are presumed to be the major effectors of

immunity in theileriosis. Eugui et al. (1981) reported the pre¬

sence of a non-specific cytotoxic response in PBL of animals with

primary T. parva infection. The response was observed in both ani¬

mals which were destined to die and in those that recovered from

the infection. It was suggested that this non-specific cytotoxic

activity was due to activation of natural killer (EE) cells, but

activation of EK cells is not well correlated with protection

against disease agents. In contrast to the non-specific cytotoxi¬

city, other workers have reported the presence of specific cells

in T. parva-immune cattle that mount strong, genetically-restricted

cytotoxic responses against autologous parasitised cells (Eugui

and Emery, 1981; Emery et al., 1981a). Transfer of large numbers

of thoracic duct cells from immune donors to two Chimaeric twin

partners protected them from lethal ECE (Emery, 1981). Thus cyto¬

toxic responses appear to constitute a major component of cell¬

ular immune functions in resistance to T. parva infections.

Experiments were conducted to investigate whether cytotoxic

cells are produced, during clinical tropical theileriosis, which

kill autologous and allogeneic schizont-infected cells. Chromium
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release assays (CRA) were used to detect specific lysis of ^Cr-
labelled Theileria-infected cell lines by PBL or spleen cells taken

from calves immunised against T. annulata (Ankara). Effector cells

were used against autologous and allogeneic cell lines in order to

find out whether cytotoxicity was genetically restricted.

7-2.2 Materials and methods

(a) Cattle: Pour Ayrshire/Shorthorn weaned calves (15U>

155» 159 and 160), aged about 12 weeks, were used in the experiments.

A Jersey steer (1+6) was used as a donor of uninfected control PBL.

The four calves were immunised against T. annulata (Ankara) by

infection followed by treatment during the clinical disease, as

described in Chapter 1+.

(b) Effector cells: Peripheral blood leucocytes (PBL) from

all the four infected calves and from steer 1+6, and spleen cells

obtained from 159 on the day it was shot, were used as effector

cells. On day 0 and subsequently weekly, PBL were isolated from

159 and 160, and from 151+ and 155 on days 0 and 21 of primary in¬

fection. In each case, PBL from 1+6 were used as a control. PBL

were isolated from venous, heparinised blood (10 i.u./ml of blood)

by density gradient centrifugation on Picoll-Paque. PBL from 151+

and 155 were used in the preliminary experiment, while PBL from

159 and 160 were used in the definitive experiment.

(c) Target cells: T. annulata (Ankara) cell lines were

used. These were established by cocultivation of susceptible PBL

taken from all the four calves before infection (autologous) and

the control steer (allogeneic) with sporozoites freshly prepared
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from infected ticks as described in Chapter 3- Transformed cell

lines were selected in a phase of active growth, i.e. two days
31after passage, and were then labelled with Na^ ^rO^ before being

used as target cells.

(d) Microcytotoxicity test: EBL from each calf were tested

against autologous and allogeneic target cell lines. Cytotoxicity

was measured in an 18 hour microassay at an effector-to-target

ratio of $0:1. Target cells in medium alone provided a measure of

spontaneous release and the total releasable isotope was estimated

from the lysis of target cells in a 1% solution of sodium dodecyl

sulphate (SDS). The percentage ^ Cr release was calculated from

the formula already given in Chapter 3-

(e) Statistical analysis: A comparison was made between the

counts of the release in the presence of medium and effector cells

using Student's t test. The percentage specific lysis in each

case was presented as the mean - standard deviation (SD) of three

replicates.

7.2.3 Results

(a) Specific lysis of autologous and allogeneic T. annulata

(Ankara) cell lines by EBL from the immunised calves: In the pre¬

liminary experiment where EBL from 1$k and 155> taken on days 0 and

21 of primary infection, were tested against autologous and allo¬

geneic target cells, significant levels of specific lysis were re¬

corded with day 21 EBL against autologous cell lines (Table 38).

No specific lysis was effected by EBL against allogeneic cell lines.
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In the definitive experiment, the pattern of cytotoxic activity

detected using EBL from calf 159 which recovered from the primary

infection and calf 160 which died, suggested that specific cyto¬

toxic cells were present in peripheral blood of calf 159 from day

11 of primaiy infection (Figure 18a). Significant levels of specific

lysis were recorded using 159 HBL against the autologous target

cell line at two, three and four weeks, and against the allogeneic

1+6 target cell line using EBL harvested from 159 at four weeks

after primary infection. EBL from calf 160, which died on day 22

were only cytotoxic for the autologous cell line on day 18, four

days before the calf died (Figure 18b). Specific lysis between

1+6 EBL and the autologous cell line was not recorded (Figure 18c),

nor was there any significant activity of 1+6 EBL against each of

the 159 and 160 cell lines. Apart from the lysis noted between

159 FBL and 1+6 cell line after four weeks of infection, there was

no significant specific lysis observed between EBL from 159» 160

or 1+6 and allogeneic cell lines.

Spleen cells and EBL from 159 tested in parallel for cyto¬

toxicity on day 70 after primary infection were cytotoxic for the

autologous target cell line, but not for the allogeneic 1+6 cell

line (Table 39). However, the spleen cells were significantly

more cytotoxic than the EBL from the same calf (F < 0.01). The

control EBL from 1+6 did not lyse the autologous target cell line,

but mediated a low level of lysis against the allogeneic

159 cell line.
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(b) The relationship between specific lysis and clinical

disease: As the clinical data for 155j 159 and 160 have al¬

ready been presented in Chapter l|., only the features of the disease

in 159 and 160 pertaining to the present study are presented.

Lymphoid hyperplasia was first detected in lymph node biop¬

sies on day 5 and macroschizonts on day 6 after primary infection.

Temperature rises followed the appearance of macroschizonts by

two or three days and came down to normal just before death (calf

160) or before the disappearance of macroschizonts (calf 159)•

The disappearance of macroschizonts was followed by the appearance

of hyperplastic cells with large azurophilic granules in 159 -

In the immune calf 159> specific lysis was first mediated by

EBL harvested at a time when the greatest number of macroschizonts

were first seen. The highest specific lysis was, however, obtained

on day 28 when the parasitaenia was 3%» "the temperature was normal

(39.i+°C) and the parasitosis had disappeared. In 160, the highest

specific lysis (16.1$) was detected at a time (day 18) when the

parasitosis, parasitaemia and temperature were still high.
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Table 38 Cell-mediated lysis of autologous and allogeneic

T. annulata (Ankara) cell lines by EBL*

51**% specific Cr-release from:
Effector cells Target cell lines

1+6 151+ 155

151+ day 0 PEL 0 0 N.D.

151+ day 21 EBL 0 22.1+ ± 12.9 N.D.

1+6 EBL (control) 0 0 0

155 day 0 EBL 0 N.D. 0

155 day 21 EBL 0 N.D. 23.8 ± 5-8

1+6 EBL (control) 0 0 0

*Effector EBL were collected from 151+ and 155 on day 0 of
infection and day 21 after infection which was later followed
by treatment.

**Data presented as Mean - S.D. of three replicates
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Table 39 Cell-mediated lysis of autologous and allogeneic

T. annulata (Ankara)-infected targets by EBL and
1

mononuclear spleen cells

Effector cells Target cells ^ S-peC2^°ri ±^^-^e-1-ease

159 Day 70 EBL 1+6 0

159 Day 70 EBL 159 21+.7 ± 6.8

159 Day 70 mononuclear
spleen cells 1+6

159 Day 70 mononuclear „ ± _ -

spleen cells

1+6 EBL (control) 1+6 0

1+6 EBL (control) 159 5-8 ± 5-7

Test effector cells were obtained from an immune calf, 159» that
had been infected and challenged with T. annulata (Ankara) stabilate.

2Lata presented as Mean - standard deviation (S.D.) of three
replicates.
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Figure 18a Percentage specific lysis of autologous and allogeneic
T. annulata (Hissar) infected lymphoblastoid cell lines,

by EBL harvested from calf 159 during primary infection
with T. annulata (Ankara), and tested in an 18 hour-CRA

(o) autologous cell line, (□) 160 allogeneic cell line
and ( ▼ ) I4.6 allogeneic cell line.

OMean ± S.P. of three replicates
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Figure 18b Percentage specific lysis of autologous and allogeneic
T. annulata (Hissar) infected lymphoblastoid cell lines,

by FBL harvested from calf 159 during primary infection
with T. annulata (Ankara), and tested in an 18 hota>CRA

(O) autologous cell line, ( ▼ ) allogeneic 159 cell
line and (□ ) allogeneic 1+6 cell line.

Figure 18c Percentage specific lysis of autologous and allogeneic
T. annulata (Ankara) infected lymphoblastoid cell lines,
by PEL harvested from the susceptible, uninfected steer 1+6
(control) and tested in an 18 hour-CRA. (O) autologous
cell line, (□) allogeneic 159 cell line and (y) allo¬
geneic 160 cell line.
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7.2.1+ Discussion

There are indications from this preliminary study that calves

recovering from a primary infection with T. annulata, after chemo¬

therapy, generated cells which were cytotoxic for Theileria-trans¬

formed cell lines. The study also showed that individual animal

behaviour influenced the pattern of the cytotoxic responses mounted

against the infected cells. Thus calves 159 and 160 were infected

with the same parasite and then given the same treatment and yet 159

exhibited strong cytotoxic responses and survived the infection

while 160 exhibited weak cytotoxic responses and succumbed to the

infection.

Cytotoxicity was often very low or undetectable when allogeneic

targets were used, except on one occasion when EBL from 159 were

cytotoxic for the 1+6 cell line (Figure 18a); and EBL from 1+6 were

cytotoxic for the 159 cell line (Table 39). However, no significant

level of cytotoxicity of 1+6 EBL for the 159 cell line was detected

and it is possible that such lysis as was seen was due to natural

killer (NK) cells present in normal EBL. Significant levels of

cytotoxicity restricted to autologous target cells of 159» 151+ and

155 were, however, detected. It would have been interesting to

see whether the pattern of cytotoxicity of EBL from 151+ and 155

would have been similar to the cytotoxicity of EBL of 159» if the

former had also been tested regularly.

Three peaks of cytotoxic response were recorded in the EBL of

159» on days 1l+, 21 and 28, the last being the highest. Again it

would have been interesting to see if the response went up or down

after day 28; and whether the cytotoxic response pattern during the
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challenge infection would have been similar to, or different from,

the primary infection. However, the facilities available did not

allow for the continuation of the experiment on a regular basis.

The PBL and spleen mononuclear cells of 159 tested during the chall¬

enge infection were strongly cytotoxic for the autologous cell line

Table 39).

The observations suggested that cytotoxicity was genetically

restricted, although a weak cross-killing of allogeneic targets was

noted on some occasions. Similar findings with T. parva infections

were reported by Eugui and Emery (1981) and finery et al. (1981a),

whereby cytotoxic cells lysed only autologous cell lines and not

allogeneic cell lines. Cells from cattle dying of T. parva infections

were able to lyse allogeneic cell lines (Eugui and finery, ibid.).

Cytotoxicity in this case was thought to be due to activated HK cells

which are thought to be responsible for the lymphocytolysis which is

a prominent feature in theileriosis.

The restriction of cytotoxicity, in cells from immune animals,

to autologous infected target cells is analogous to the restriction

of T-lymphocyte mediated cytotoxicity of murine virus-infected cells

(Doherty and Zinkernagel, 1975)> hapten-modified syngeneic targets

(Shearer et al., 1975) or the cytotoxic HLA-A and HLA-B T cells

described in viral infections in man (McMichael, 1979; Moss et al.,

1981). This would indicate that cytotoxic lymphocytes from immune

cattle recognise complexes of parasite-specific antigens and host

major histocompatability antigens (BoLA) on the surface of infected

cells.
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The bovine lymphocyte antigen (BoLA) types of the cattle used

in the experiments were such that 159 and 160 were not matched;

159 and 1+6 shared only one BoLA (ED9I+) and 160 and 1+6 also shared

one BoLA (ED91) (Dr. R.L. Spooner, personal communication; see also

this chapter, section 7*3«2(g))» It is possible that the 159 H3L

that were cytotoxic for the 1+6 cell line were either UK cells or

T lymphocytes that recognised the shared BoLA. The 1+6 EBL that

were cytotoxic for 159 were possibly NK cells since 1+6 was not

immune.

The appearance and activity of specific cytotoxic cells would

indicate that these cells are involved in mechanisms of recovery

from infection. For immune calf 159 lytic activity was first de¬

tected in PBL 11 days after infection, while in the non-immune

calf 160 cytotoxic cells were detected on day 18 (1+ days before it

died). Presumably the cytotoxic cells in 160 were non-specific.

On the other hand, it is possible that these cells were specifically

cytotoxic for Theileria-infected cells, but developed too late to

arrest the situation in vivo.

7-3 Use of T-cell growth factor (TCGF) in an attempt to enhance

production of cytotoxic cells in vitro

7.3.1 Introduction

In the preceding experiments, it was shown that cytotoxic

cells are produced during Theileria annulata infections. It has

been reported that amplified numbers of cytotoxic lymphocytes were

generated in vitro when peripheral blood leucocytes (PBL) from _T.

parva-immune cattle were cultured for six days after stimulation
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with autologous T. parva-transformed cell lines (Pearson et al.,

1979^)• The cytotoxicity developed was strong with autologous

Theileria-transformed cells, hut was also manifest when allogeneic,

infected cells were used as targets (Pearson et al., 1982). However,

Emery et al. (1981a) failed to demonstrate additional generation of

cytotoxic cells in an autologous mixed leucocyte reaction (AMLR)

using the protocol of Pearson et al. (19798). Other studies aimed

at generating human cytotoxic cells in vitro against autologous

leukaemia cells showed that sensitised T cells cultured with T cell

growth factor (TCGE) exhibited a significant level of cytotoxicity

(Zarling and Bach, 1979)- This approach could be useful in other

systems in which cytotoxic cells may be stimulated but not in num¬

bers that can be detected before growth in the TCGE. Large numbers

of murine cytotoxic lymphocytes (CTL) capable of lysing tumour cells

have been generated in vitro (Watson e_t al., 1979)- These cells

were generated by culturing, in TCGP for five days, T cells that had

been sensitised by irradiated tumour cells.

Interest arose as to whether cell lines derived from an in

vitro mixed lymphocyte reaction (MLR) could produce their own TCGE

which would initiate their proliferative growth and induce their

differentiation into cytotoxic cells. Alternatively if, following

initiation of a MLR using PBL from Theileria-infected cattle and

irradiated autologous cell lines, TCGE were supplied to the system,

would large numbers of specific cytotoxic cells develop?

This study was undertaken to determine whether large numbers

of T cells, cytotoxic for autologous Theileria-infected cells, could

be generated in vitro by culture in conditioned media of T cells
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from immunised cattle following sensitisation with irradiated auto¬

logous Theileria-infected cell lines. The conditioned media used

were harvested from 2l|-hour Con A-stimulated EBL cultures and 211-

hour autologous mixed lymphocyte cultures initiated from EBL and

autologous irradiated T. annulata cell lines.

7-3»2 Materials and methods

(a) EBL: Calves 1 Shi 155> 159 and. 160 were the source of

test EBL. These calves were infected and immunised with T. annulata

(Ankara) as described in Chapter 1+. The steer I4.6 was the source

of control EBL. EBL were separated by the Ficoll-Eaque technique

from heparinised blood collected from each animal.

(b) Initiation of T. annulata (Ankara) cell lines: Before in¬

fection, normal EBL from each calf and steer I4.6 were transformed

in vitro into parasitised lymphoblastoid cell lines by infection

with tick-derived T. annulata (Ankara) sporozoites.

(c) Autologous mixed lymphocyte reaction (AMLR): To initiate

an AMLR, each infected cell line was irradiated at 5000 rads from

137 32
a 'Caesium source (Grav-ateom Industries ) at a dose rate of 3000

rads per minute, after which irradiated cells were cultured with

freshly isolated autologous EBL. The irradiated cell lines acted

as stimulators and autologous EBL were the responders. After pre¬

liminary trials using various responder:stimulator ratios, the

ratio of 10:1 responder EBL to stimulator cell line was found opti¬

mal for initiating blast transformation in responders. This ratio

was therefore used in all subsequent experiments.
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(d) Preparation of conditioned media (CM): Two types of con¬

ditioned media were prepared and used in the experiments.

(i) Con A-derived conditioned medium (CM) - This was prepared using

bovine spleen cells and Con A by a method already described in

Chapter 6. The residual Con A in the CM was inactivated using the

specific Con A inhibitor sugar, a-methyl-]D-mannoside (a-MM).

(ii) Autologous mixed lymphocyte reaction (AMLR)-derived CM - FBL

from steer 2+6 were adjusted to 2 x 10 cells/ml in growth medium

supplemented with 5 x 10 ^M 2-mercaptoethanol (2-ME) (Sigma Chemical

Co.). A suspension of irradiated, autologous T. annulata (Ankara)

transformed cells at 2 x 10^/ml in growth medium was also prepared.

Equal volumes of the two cell suspensions were mixed and 20 ml of

the cell mixture was dispensed into each of nine 75 cm culture

flasks. The cultures were gassed with 5% COg in air and then incu¬
bated at 37°C. Culture aliquots were harvested at 2i+, 1+8 or 72

hours and spun down at 2000 g for 20 minutes at 20°C. Culture

supernatants (conditioned media) were harvested and filtered through

a 0.22m. MP then stored at -20°C until tested for mitogenic activity

against day 6 Con A T-cell blasts following a protocol already des¬

cribed in Chapter 6. The conditioned medium (CM) obtained at 1+8

hours stimulated the highest proliferative response and it was used

in the subsequent experiments.

(e) In vitro sensitisation and culture of effector EBL: EBL

isolated weekly from heparinised blood of immunised calves 159 ajcd

160 and steer 1+6 were used in primary AMLR. A suspension of 30 ml

EBL in the growth medium (responder lymphocytes) at 2 x 10 cells/ml
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was mixed with 30 ml of irradiated (5000 R) autologous Theileria

cell lines (stimulators) at 2 s 10^ cells/ml. Cultures of mixed

cells from each animal were split into three 20-ml aliquots. One

aliquot received 20 ml of Con A CM, the second 20 ml of AMLR CM,

and the third 20 ml of the growth medium, making a total of I4.O ml

for each culture. Cultures were maintained in 75 cm flasks at

37°C in 5% CO^ in air. After two days of cultivation, 20 ml of cell-
free supernatant medium were removed from each flask and replaced

with the same volume of growth medium or a mixture of 10 ml growth

medium and 10 ml CM. After five days of culture, cells were har¬

vested, washed and resuspended in fresh growth medium. Cell via¬

bility was evaluated using the trypan blue dye exclusion test and

cell densities were adjusted to 1 x 10 viable cells/ml. These cells

were then used as effectors against autologous and allogeneic tar¬

gets in microcytotoxicity tests at an effector:target ratio of 50:1

as described in Chapter 3«

(f) Calculation of percent specific lysis: On some occasions,

incubation of target cells in medium alone led to high levels of

51
non-specific Cr release. To standardise the test, the values for

51
the Cr released by the target cells incubated with EBL of I46

were used as the background counts. Autologous EBL from 159 and

160 were not used because these calves had been infected and immun¬

ised against T. annulata (Ankara) and their EBL contained some

cytotoxic lymphocytes on some occasions.

51
In the test, significant levels of specific Cr release

(F <0.05) were taken to indicate killing of the target cells by

cytotoxic cells.
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(g) Bovine lymphocyte antigen (BoLA) typing: This was done by

Br. R.L. Spooner of the Animal Breeding Research Organisation, West

Mains Road, Edinburgh. The BoLA antigens of uninfected EBL and

autologous cell lines from the cattle used in this study were typed

for the 16 internationally agreed specificities (designated W), which

are alleles at the BoLA-A locus, using internationally recognised

antisera (Spooner et al., 1979; Oliver et al., 1981). These cells

were also typed for other specificities (designated EB) defined by

operationally monospecific sera; some but not all of which detect

additional putative alleles at the BoLA-A locus. The BoLA antigens

of uninfected EBL and autologous cell lines were identical. Cattle

sharing one or more BoLA antigens were designated matched, and cattle

with no common BoLA antigens as mismatched. The BoLA antigens of

the cells used were as follows:

i+6: Wl+, W6, EB85, ED91, EB103, EB693

159: W2, W-., EB10I+

160: W8, W11, EB71+, ED91, 691: W2, W-.

7.3.3 Results

(a) Assessment of day 5 primary AMLR cultures for cytotoxic

activity: The results of the cytotoxicity tests which were done weekly

using cells obtained from five-day primary AMLR as effectors against

autologous or allogeneic target cells are shown in Table 1+0. As

can be seen from the table, the in vitro generation of cytotoxic

cells was variable for each animal. Specific cytotoxic cells were

only generated in AMLR of 159 initiated on day 0 and maintained in

growth medium, Con A CM or AMLR CM, and in AMLR initiated on day 20

and maintained in growth medium. Other cytotoxic cells generated were

non-specific (see Section 7• 3-1+)•



Table1+OaCell-mediatedlysisofTheileria-infectedcellsbyprimaryAMLR-generatedeffectorcells Effector**Mean±S.D.%specificlysis ,,#TargetsMediumaddedbaysafterinfectionwhenday5AMLRwasinitiated 071320
FBL159

Line

159

Growthmedium(GM)
6.3

±

2.3

0

0

1*1.8

±

9.1*

Line

160

5-7

±

2.6

0

25.1

±

6.1+

25.0

ir

10.0

Line

U6

0

0

27.3

±

5.5

30.7

±

2.7

EBL160

Line

159

Growthmedium(GM)
23-3

+

5.7

39.5

+

7-5

0

0

Line

160

0

0

6.3

±

6.0

0

Line

U6

0

0

15.0

+

1*.3

12.2

±

7.2

EBLi|6

Line

159

Growthmedium(GM)
18.1+

±

6.3

19-3

±

1.1*

0

0

(control)

Line

160

8.6

+

7.3

26.8

±

13-1*

0

10.0

±

0

Line

1*6

0

0

0

0

*Effectorcellswereobtainedfromday5autologousmixedlymphocytereaction(AMLR)whichwas initiatedusingEBL(responders)andirradiated(5000r)autologousT.annulata(Ankara)cellline. **Mean•-S.D.ofthreereplicates



TableUObCell-mediatedlysisofTheileriar-infectedcellsbyprimaryAMLR-generatedeffectorcells Effector*Mean±S.D.%specificlysis lnTargetsMediumaddedDaysafter.infectionwhenday5AMLRwasinitiatedcellsQ7132Q
FBL159

Line

159

ConA

conditionedmedium
17.9

±

3.1+

0

0

0

Line

160

ConA

conditionedmedium
9-7

±

5.1+

0

0

0

Line

1+6

ConA

conditionedmedium
0

6.2±

2.7

0

0

EBL160

Line

159

ConA

conditionedmedium
17.2

±

1.1

26.7±
11+.0

7.1±i+.O

0

Line

160

ConA

conditionedmedium
0

0

0

0

Line

1*6

ConA

conditionedmedium
0

0

0

0

EBLU6

Line

159

ConA

conditionedmedium
20.3

±

1.8

21+.1+±
11.7

0

0

(control)
Line

160

ConA

conditionedmedium
0

1+3.6±
10.0

0

'12.0±

Line

1+6

ConA

conditionedmedium
0

28.8±
9.0

0

0

*Mean±S.D.ofthreereplicates



Table1+0cCell-mediatedlysisofTheileria-infectedcellsbyprimaryAMLR-generatedeffectorcells EffectorMean±S,I)ôspecificlysis ,TargetsMediumaddedbaysafterinfectionwhenday5AMLRwasinitiated 071320
PBL159

Line

159

AMLR-conditionedmedium
19.1+

1+.3

0

0

0

Line

160

(AMLR-CM)

0

0

8.2

±

0.7

0

Line

1+6

0

0

16.0

±

2.7

11.1

±

PBL160

Line

159

AMLR-conditionedmedium
11.3

±

2.1

31+.6±

27.0

7.3

±

5.2

25.8

±

Line

160

(AMLR-CM)

0

0

0

0

Line

1+6

0

0

0

0

EBL1+6

Line

159

AMLR-conditionedmedium
7.9

i:

1.6

12.1+±
5.8

0

0

(control)
Line

160

(AMLR-CM)

0

21.8±
6.1+

0

0

Line

1+6

0

20.1±
15.3

0

0
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7«3»U Discussion

This study showed that co-cultivation of the effector EBL

from each of the three animals with irradiated autologous, infected

cell lines did not lead to consistent production of cytotoxic cells.

Because of the variability in the production of cytotoxic cells from

the control steer 1+6, it was very difficult to interpret the results

obtained using cells from the infected and immunised calves in re¬

lation to the stage of infection and the in vitro generation of

cytotoxic cells. The three animals did not share any of the inter¬

nationally recognised BoLA (W specificity) antigens (R.L. Spooner,

personal communication). In this context, therefore, all the cyto¬

toxicity mediated against the allogeneic targets was not genetically

restricted. The addition of a bovine T-cell growth factor (TCGF)

produced from bovine spleen cells stimulated by Con A or from AMLR

cultures to the culture system used in this study did not lead to

an enhancement of generation of the cytotoxic cells compared with

cultures maintained in growth medium.

It is possible that the responses observed were due to non¬

specific killer cells generated following an AMLR since in vitro

stimulation may well lead to the generation of such non-specific

cytotoxic cells (Pearson et al., 1982). On the other hand, examin¬

ation, by blocking studies, of the specificity of lysis by effector

cells derived from an AMLR revealed that both genetically-restricted

and natural-killer (UK) activity had been generated against T. parva

target cells (Emery and Kar, 1983)- These authors used PBL from

either naive or immune cattle as responder cells in the AMLR.
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T lymphocytes with various properties, including specific cyto¬

toxic cells, have been cloned using TCGF (Smith, 1980). Eugui

(1981) cloned non-specific cytotoxic cells using cultures obtained

from mixed lymphocyte reactions (MLRs) against irradiated allogeneic

Theileria-transformed cells, and a bovine TCGF obtained from Con A-

or PHA-stimulated spleen cells. These observations suggested that

long term culture of MLR cells with the growth factor(s) may be

necessary before cytotoxic cells can be produced. This might ex¬

plain why cytotoxic cells were not regularly generated in this study

as cells were only maintained in cultures for five days. On the

other hand, it is possible that with the system used in this study,

more suppressor or helper cells than cytotoxic cells are initially

generated.

Several groups have reported the successful growth of cytotoxic

T cell lines (Gillis and Smith, 1977; Nabholz et al., 1978; Lennert

1979). In most cases these lines were derived from cultured T

lymphocyte populations which had been stimulated several times in

vitro with the appropriate antigens and then transferred into medium

containing TCGE. In another study, specific cytolytic cells were

generated in cell populations grown in TCGF for seven days after

stimulation of murine sarcoma virus-primed spleen cells with syn¬

geneic murine leukaemia virus-transformed cells (Cerottini and

MacDonald, 1981).

Using similar protocols, it should be possible to establish

large numbers of both long-term and short-term clones of cells

cytotoxic for Theileria-infected cells both in allogeneic and auto¬

logous systems. Clones of specific and non-specific cytotoxic cells



254-

are necessary to define their properties 'unambiguously.

7.4 Antibody-dependent cell-mediated cytotoxicity (ADCC) in cattle

infected with Theileria parva and Theileria annulata

7.4.1 Introduction

In most infectious diseases, there are two major categories

of immune responses: the cellular immune response which involves

the direct lysis of target cells by sensitised lymphocytes, a mech¬

anism which is regarded as a function of immune T lymphocytes

(Cerottini and Brunner, 1974)» and the humoral response, mediated

by antibody produced by activated B lymphocytes or plasma cells

(Roitt et al., 1969). Complement is involved in this latter response

(Muller-Eberland, 1968). The two systems have been the subject of

much investigation using in vitro models whereby appropriate target

cells have been lysed after exposing them to (a) T cells sensitised

in vitro or in vivo and (b) antibody and complement.

There exists, however, at least one additional effector system,

which results from interaction between antibody and unsensitised

(non-immune) lymphoid cells, leading to the destruction of target

cells (Perlmann and Holm, 19^9; Perlmann et al., 1972). It is known

that this method of antibody mediated cytotoxic killing (ADCC) by

lymphoid cells in the absence of complement is extremely efficient

in vitro; and the test can detect antibodies not recognised by the

complement-dependent lysis assays (Perreira, 1976). However, the

exact role that ADCC plays in vivo has been the subject of much

debate. Interest was also focussed on the possibility that ADCC

may represent a convenient model for in vivo tissue-destructive
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processes (Rouse et al., 1976a). These processes may "be instrumental

in controlling tumour cell growth (Pollack et al., 1972; Hellstrom

et al., 1973) causing certain auto-immune diseases (Calder et al.,

1973)j partly mediating the -unwanted effect of tissue allograft

rejection (Lighthody and Ruseriberg, 197^+)» and. may act as an import¬

ant mechanism of recovery from certain infectious diseases (Zisman

and Allison, 1973; Butterworth et al0, 1975). There is also evi¬

dence that ADCC is involved in the defence against parasites

(Madeira et al. 1979) and bacterial (Lowell et al., 1980) and viral

infections (Weston et al.. 1981).

Until recently, most of the reported work on cellular effector

mechanisms in cattle concentrated on the stimulation by mitogens of

separated peripheral blood leucocytes (PBL) (Lazary et al., 197^4-5

Muscoplat et al., 197U) and on the leucocyte migration inhibition

test (Muhammed _et al., 197^5 Muhammed, 1975b). However, results of

other studies have demonstrated the existence of antibody dependent

cell-mediated cytotoxicity (ADCC) in cattle against herpes virus-

infected target cells (Rouse et al., 1976a,b) and it was suggested

that this might be an important mechanism of recovery from the

infection. Duffus et al. (1978a) demonstrated a moderate AI)CC

against a T. parva cell line (C2) using bovine PBL and antisera pre¬

pared by inoculating cattle with the C2 cell line. However, they

did not indicate whether the cattle donating the antisera had been

effectively immunised against T. parva infections using this cell

line. It is possible that the cytotoxic activity they detected was

due to antilymphocyte antibodies induced when C2 was inoculated into

cattle in which case their findings would then not imply a role for

ADCC in protective immune mechanisms against _T. parva.
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The present study was undertaken to investigate whether

Theileria-immune cattle produce antibodies which mediate cytotoxi¬

city of infected cells by normal macrophages or killer cells which

may be present in the peripheral blood leucocytes (PBL) from a

susceptible animal.

7.1+.2 Materials and methods

(a) Sera: T. parva (Muguga) antisera were obtained at weekly

intervals for four weeks from two calves, 695 and 696, after inoc¬

ulation with infected tick-derived stabilate as described in Chap¬

ter 1+. T. annulata (Ankara) antisera were obtained from calves 15U

and 155 at weekly intervals for four weeks during each of the pri¬

mary and challenge infections following inoculation with infected

tick-derived stabilate as described in Chapter I4.. Pre-infection

sera from the four calves were used as controls. All sera were

heat-inactivated at 56°C for 30 minutes and were then diluted at 1

in ij. in growth medium before use in ADCC assays.

(b) Effector cells: PEL isolated from heparinised blood (10 i.u./

ml blood) of steer 1+6 by Ficoll-Paque centrifugation were used as

7
the effector cells. They were suspended in growth medium at 2 x 10

cells/ml before use.

(c) Target cells: The following cell lines were used as target

cells. T. parva (Muguga) and T. annulata (Ankara) transformed cell

lines were established by in vitro infection of peripheral blood

lymphocytes of steer 1+6. The 15^4 T. annulata (Ankara) transformed

cell line was derived from cells of calf 15U> before infection, in

the same way. They were each labelled with sodium chromate as already
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described (Chapter 3) and were finally resuspended in growth medium

at 2 x 10^ cells/ml before use.

(d) Testing sera against cell lines: Sera from calf 15U were

tested against 151+ T. annulata (Ankara) and I46 T. annulata (Ankara)

target cells, sera from 155 were tested against 15I4 T. annulata

(Ankara) target cells, while sera from 695 and 696 were tested against

I(.6 T. parva (Muguga) target cells. It was not possible to test sera

against autologous cell lines in all cases. Cell lines from calves

695 and 696 were not available and the 155 T. annulata (Ankara) cell

line was lost on thawing after liquid nitrogen storage.

(e) Antibody-dependent cellular cytotoxicity (ADCC) assay: The

assay was performed under sterile conditions in V-shaped wells of
51

microtitre plates. A 20 pi aliquot of Cr-labelled target cells

(U x 10^ cells) in growth medium was put in each well. Antisera or

control sera were added in 100 pi volumes, followed by aliquots of

100 pi of effector cell suspensions (2 x 10 cells/well), giving an

effector-to-target ratio of 50:1. Each target was tested with and

without both cells and serum as shown in Table I4.I. Each test was done

in triplicate. The plates were centrifuged at 100 g for 30 seconds

at 20°C, followed by incubation in humidified plastic boxes at 37°C
in 5% C02 in air. After 18 hours of incubation, the plates were centri¬
fuged again at 250 g for ten minutes at 20°C. An aliquot of 100 pi

of the cell-free supernatant was removed from each well and dispensed

into a labelled plastic Luckham tube. The tubes were transferred to
51

a gamma counter and the amount of Or released into the supernatants

by the lysed targets was determined. The results were computed as
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51
per cent specific Cr release. This was computed using the formula

51
in Table 1+1. The maximum releasable Cr was determined by measuring

the supernatant from target cells suspended in a 1% solution of the

detergent sodium dodecyl sulphate (STS) solubilised in distilled

water.

(f) Spontaneous release controls: Controls I and II as shown in

Table 1+0 are usually included in an assay in order to determine

whether the antibody alone is cytotoxic or not; and control III is

then used to give the spontaneous release values used in the calcul-

51
ation of specific Cr release. In the present study incubation of

the target cells in medium alone led to high levels of non-specific

51
Cr release. It seems the presence of a small number of target

51
cells alone in the well leads to non-specific release of Cr. For

this reason, control IV was used in the calculation of specific

51 51
Cr release. To test whether or not the release of Cr was due

to the presence of antibody in the sera, a comparison was made between

counts of the release in the presence of pre-infection serum and

test sera, using Student's t test.

7.1+.3 Results

ADCC assays were performed with sera at a single dilution

of 1 in 1+, from four calves exposed to T. parva (Muguga) and T. ann-

ulata (Ankara) sporozoite antigens. EBL from a single steer 1+6

were used as effectors at a single effector-to-target ratio of $0:1.

The results of the assays are presented in Tables 1+2-1+6 below.

The data presented in Tables 1+2, 1+3, 1+1+ and 1+6 clearly demon-

51
strate that minimal increases in per cent specific Cr release
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were recorded when release in the presence of effector PEL and

preinfection sera were compared with release in presence of

effector FBL and antisera. These increases were not statistically

significant (P > 0.05). The data presented in Table kS show that
51

there was no specific release of Cr at all when sera from calf

695 were used against the I4.6 j?. parva (Muguga) cell line.



Tablelj.1Controlsandtestseriesinantibodydependentcytotoxicity(ADCC) Target

Antibody

Effector

Control
I

Targetcells

Medium

Medium

Control
II

Targetcells

Serum

Medium

Control
III

Targetcells

Medium

Effectorcells

Control
IV

Targetcells

Preinfectionserum

Effectorcells

Test

Targetcells

Testserum

Effectorcells

%SpecificCrrelease=Experimentalrelease-Releaseinpresenceofpreinfectionserum x100Maximumreleaseinpresenceof1%SUA.-Releaseinpresenceofpreinfectionserum
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Table 1+2 Assay of ADCC activity in 151+ Theileria annulata (Ankara)
antisera against autologous cell line

(a) Using primary infection antisera

Lay of infection
when antiserum
was collected''

Effector
cells

% Specific ^1Cr release^
Mean ± S.L.

7 1+6 EBL 0

11+ 1+6 EBL 0

21 1+6 EBL 5.0 * 1+.1

28 1+6 EBL 8.8 ± 7.6

(b) Using challenge infection antisera

7 1+6 EBL 0

11+ 1+6 EBL 2.6 ± 2.1

21 1+6 EBL 1.0 ± 1.1

28 1+6 EBL 1+.8 ± 3-1+

Each antiserum was used at a single dilution of 1 in 1;

2
EBL isolated from heparinised blood of steer 1+6 on Eicoll-Paque
were used as effectors against 51Cr-labelled 151+ .T. annulata
(Ankara) targets at a single effector-to-target ratio of 50:1.

->

ADCC activity of the antiserum was computed as Mean ± standard
deviation (S.L0) of % specific -^Cr release of the three repli¬
cates for each test.

This protocol was used in all the ADCC experiments herein reported.
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Table 1+3 Assay of ALCC activity in 155 Theileria annulata

(Ankara) antisera against 1E>1+ T. annulata (Ankara)
cell line

(a) Using primary infection antisera

Day of infection
when antiserum
was collected

Effector cells
61

% Specific Cr release
Mean ± S.D.

7 1+6 EBL 0

11+ 1+6 EBL 0

21 1+6 EBL 0

28 1+6 EBL 0

(b) Using challenge infection antisera

7 1+6 EBL 0

11+ 1+6 EBL 0

21 1+6 EBL 0

28 1+6 EBL 12.1+ ± 10.7
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Table 1+1+ Assay of ADCC activity in 151+ antisera against 1+6

T. annulata (Ankara) target cells

(a) Using primary infection antisera

Day of infection
when antiserum
was collected

Effector
cells

% Specific
Mean

~*1Cr release
± S.D.

7 1+6 EBL 0

1 b i+6 EBL 0

21 i+6 EBL 0

28 1+6 EBL 0

(b) Using challenge infection antisera

7 1+6 EBL 0

1 b 1+6 EBL 0

21 1+6 EBL 0

28 1+6 EBL 5.8 ± 1+.8
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Table 1+5 Assay of ADCC activity in 69$ T. parva (Mugu^a) primary

infection antisera against h.6 T. parva (Mugujga) cell

line

Day of infection ^
when antiserum or % Specific Cr release

n 4. j cells
was collected

7 k6 EBL 0

Ik k6 EBL 0

21 k6 EBL 0

28 k6 EBL 0

Table U6 Assay of ADCC activity in 696 T. parva (Muguga) primary

infection antisera against k6 T. parva (Mtpyu^ga) cell

line

Day of infection
when antiserum
was collected

Effector
cells

51% Specific Cr release
Mean ± S.D.

7

21

28

k6 EBL

k6 EBL

k6> EBL

k6 EBL

5-9 ± 3.1

3.5 ± 2.2

3.5 ± 1.9

0
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7.1+.1+ Discussion

When attempting to correlate the importance of any in vitro

phenomenon with the in vivo situation, the task is made much easier

if the in vitro system mimics as closely as possible the in vivo

conditions. TJnder the conditions used in the present study, a

homologous system was chosen to investigate whether ADCC may play

a role in recovery from Theileria infections. Thus all the three

components of the test, notably, the target cells, the effector

cells and the antisera were of bovine origin.

Although a homologous system was used, the results presented

here did not demonstrate that ADCC occurred in the conditions in

which the experiment was conducted. It is possible that sporozoite-

initiated infections do not provoke production of antibodies that

can mediate cytotoxicity. Recently, Creemers (1982) also obtained

negative results in ADCC assays carried out using T. parva trans¬

formed cells as targets and bovine antisera raised against these

targets, even in an autologous system. She concluded that antibodies

against surface antigens of transformed cells are not involved in

protection against T. parva infections, and explained her results by

the absence of parasite specific antigens on the target cell surface.

On the other hand, Duffus et al. (1978a) were able to demonstrate

ADCC activity, albeit moderate, when they tested bovine 0?. parva

antisera and bovine EBL against a T. parva cell line (C2). How¬

ever, a strong ADCC activity was observed when bovine T. parva

antisera and bovine EBL were tested against chicken red blood cells

(CRBC) coated with T. parva piroplasm antigens. Using the same

system, they were also able to show titres up to 10 of cytotoxic
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antibody in cattle immune to T. parva infection.

It has been proposed that lack of antibody formation against

T. parva transformed cells suggests that the antigens on the cell

membrane are BoLA-associated (Creemers, 1982). Thus the animal

will not develop antibodies against the antigen, but will generate

a specific T-cell mediated response (Scott and Long, 1976). How¬

ever, evidence has been presented showing that T. parva cell lines,

infected with the schizont stage of the parasite, induce an anti-

lymphocytic response when they are inoculated into cattle (Wagner

and Duffus, 197^)- This response could mask the immune response

directed against parasite antigens expressed on the surface of the

schizont-infected lymphoblasts (Duffus et al., 1978a). One could

argue that the use of an autologous system would overcome this

problem. However, the use of homologous and autologous antisera

have failed to sensitise target cells for ADCC (Zighelboim et al.,

1973).

The methodology reported in this study does not seem to be

sensitive enough to be used for detection of presence or absence

of cytotoxic antibody in cattle immune to Theileria infections.

The use of CBBC coated with protozoal antigens affords an alterna¬

tive approach to study of the importance of ADCC reactions in an

immune response to protozoa and would possibly allow a more detailed

analysis of the antibody and antigens involved. Eut it would be

difficult to correlate such in vitro phenomena with the in vivo

conditions. Perhaps the in vivo situation might be better simul¬

ated with cells as well as serum from the same immune animal.
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7.5 General Discussion

The results presented in this chapter have shown that cyto¬

toxic cells were produced during clinical tropical theileriosis.

These cells, which only appeared transiently, at irregular times

after infection, were strongly cytotoxic against autologous cell

lines, hut less cytotoxic against allogeneic cell lines. This

suggested that these cytotoxic cells were genetically restricted,,

It is also possible that these cells are involved in the processes

that eliminate schizont-infected cells from recovered animals.

EBL taken from the animals before and at about the time when

direct, transient cytotoxicity was demonstrated were used in AMLRs

in order to generate cells in vitro that would mediate enhanced

cytotoxicity. The EBL blasts from day 5 AMLR cultures maintained

in growth medium were used as effector cells against autologous and

allogeneic target cells. The results obtained from this test demon¬

strated that these target cells mediated non-genetically restricted

cytotoxicity at irregular times, but this cytotoxicity was at a

higher level than that obtained in the preceding study. Addition

of T cell growth factor (TCGE), obtained from Con A-stimulated

spleen cells or AMLR cultures, to the AMLR culture system did not boost

the cytotoxicity mediated by the blasts obtained from such a system.

On the other hand the cytotoxicity mediated by effector cells from

such a culture system was irregular, non-genetically restricted and

less than that mediated by day 5 AMLR-effector cells maintained in

growth medium.

Pearson ^et al. (19798, 1982) demonstrated that culture of T.

parva-transformed cells with PBL from an autologous immune donor
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for six days resulted in the production of cytotoxic cells. These

cells, which were strongly cytotoxic for autologous cell lines and

less cytotoxic for allogeneic cell lines, were only generated follow¬

ing a secondary AMLR. However, these workers obtained their re¬

sults from one animal (713) which had been Immunised once against

sporozoites and three times against schizont-infected cells. It is,

therefore, possible that in the bovine system, cytotoxic cells with

enhanced activity are generated in vitro following an AMLR either

when responder cells are from a hyperimmune donor or when responder

cells are stimulated more than one time.

Failure in the present study to regularly generate in vitro

cytotoxic cells with enhanced activity perhaps means that TCGF ini¬

tially enhances generation of T cells with functions other than cyto¬

toxicity, for example suppressor or helper cells or even cytotoxic

cell precursors. These precursors would then need a longer time in

culture before maturing into cytotoxic cells.

In the antisera used, no antibody that mediated AHCC was detected.

This could mean that perhaps this mode of effector immune mechanism

does not operate in tropical theileriosis. Gn the other hand, it

might be concluded that there were technical reasons within the

experiment that led to the failure to detect the antibody that med¬

iates AHCC. For example the effector cells used might not have been

suitable for the test. These were FBL isolated by Ficoll-Paque, and

were therefore depleted of nearly all the granulocytes which are

good effectors of AHCC. Also the FBL used in this test might have

contained a relatively higher number of suppressor cells as a result

of depleting the granulocytes. Alternatively, there might be no
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parasite specific antigens on the surface of infected and transformed

cells. Such cells then would not "be able to provoke the formation

of specific antibodies against the parasite.
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CHAPTER EIGHT

THE EFFECT OF SERUM AMD PBL FROM CATTLE IMMUNE

TO THEILERIA ANNULATA ON INFECTIVITY OF SPOROZOITES

FOR BOVINE LYMPHOCYTES IN VITRO

8.1 Introduction

Previous studies have shown that high levels of circulating

antibodies are produced during clinical ECF (Burridge and Kimber,1973a;

Wagner et al♦, 197U) and tropical theileriosis (Pipano and Cahana,

1969; Pipano, 197J4). However, these antibodies do not protect the

animals against the disease (Wagner et al., 197U» Pipano, 1977)?

although recovered animals resist homologous T. parva challenge

for up to 3lg- years (Burridge et al., 1972) and homologous T. ann-

ulata challenge for about one year (Sergent et al., 191+5)-

Attempts to transfer immunity to naive animals using T. parva-

imrnune serum or gamma globulin preparations from immune serum

(Muhammed et al., 1975) or by colostrum feeding (Burridge and

Kimber, 1973b) were not successful. However, more recently, it

has been shown that antibodies produced by immunised cattle have

a neutralising effect on sporozoites of TL annulata in vitro (Gray

and Brown, 1981) and T. parva in vivo (Musoke et al., 1982).
Studies on related protozoa, namely, Plasmodium (Nussenzweig _et al.,

1969; Yoshida _et al., 1980; Freeman _et al., 1980; Perrin ert al.,

1981; Hollingdale et al., 1982) and Toxoplasma (Jones et al., 1975)

have demonstrated that antibodies have a direct inhibitory effect

on entry of sporozoites and trophozoites, respectively, into their

target cells. Campbell et al. (1979) showed that sera from Aotus



271.

monkeys immunised against P. falciparum inhibited in vitro growth

and reinvasion of merozoites into the erythrocytes. Moreover,

Gwatz _et al. (1979) demonstrated that P. knowlesi sporozoites could

be neutralised in Rhesus monkeys using immune sera. These tests

implied that neutralising antibodies play a role in immune mechan¬

isms in malaria. The necessity for the development of similar

tests in bovine theileriosis cannot be overemphasised. Recent

advances in tissue culture technology have made it possible for

investigations into humoral immune mechanisms against sporozoite

stages of Theileria to be undertaken in vitro.

In this study, a preliminary experiment was done in order to

assess the effect of pre-incubation temperature and time on infecti-

vity of sporozoites for bovine lymphocytes. Subsequent experiments

were then conducted to assess the effect of sequential antisera from

cattle, immunised by infection with T. annulata sporozoites, on the

infectivity of homologous or heterologous sporozoites for bovine

lymphocytes, and the combined effect of antisera and PEL from immune

cattle on infectivity of T. armulata sporozoites for bovine lympho¬

cytes in vitro.

8.2 Effect of pre-incubation temperature and time on infectivity

of sporozoites for bovine lymphocytes

8.2.1 Introduction

In virology, the neutralisation test comprises two systems:

(1) a reaction system where the virus and antiserum are allowed to

react and reach a state of equilibrium, and (2) a measuring or

indicator system represented by the susceptible host whose function
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is to reveal the presence of active or non-neutralised virus (Fiset,

1961;). However, controversy exists as to the length of time and

conditions under which the serum-virus mixtures should be incubated

prior to inoculation into the indicator system (Lennette, 19^9).

Evidence has been presented indicating that an incubation period of

30 to 60 minutes at room temperature is required for the mixture to

reach equilibrium (Lafferty, 1963). By analogy, sporozoites should

be exposed to antiserum for the longest possible period prior to

mixing them with target cells. Presumably this would produce the

most marked neutralisation effect of the antisera on the sporozoites.

Gray and Brown (1981) incubated T. annulata sporozoites with bovine

preinfection serum or antisera at 37°C for one hour before inoculat¬

ing them into lymphocyte cultures. Musoke et al. (1982) incubated

T. parva sporozoites with antisera or immunoglobulins for 90 minutes

on ice before inoculating them into cattle. In both cases, neutral¬

isation of sporozoite infectivity was achieved.

The preliminary experiment recorded here was done in order to

examine the temperature sensitivity of sporozoites when incubated

at 0-l+°C and at 37°C, for different time periods and in different

types of sera, as indicated by their subsequent infectivity for

bovine lymphocytes. The results obtained in this experiment were

then used in the next series.

8.2.2 Materials and methods

(a) PBL: PBL were isolated from defibrinated blood of steer

1+6 by the Ficoll-Paque gradient centrifugation method as detailed
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in Chapter 3« They were suspended in growth medium (RPMI I6I4.O/

20% FCS).

(t>) Sera: The sera used were collected before infection and

on days 36 and l±3 of infection from the two recovered calves, R13

and 159. These calves were infected and immunised with the Ankara

strain of T. annulata as described in Chapter 1*.

Pre-infection sera together with MEM/3*5% BPA were used as

negative controls; day 36 antiserum from calf R13 was used as a

known positive control (Gray and Brown, 1981) while 36- and l^-day

sera from calf 159 were used as test sera. All sera were heat-

inactivated at 56°C for 30 minutes and filtered through a 0.22MP

before use.

(c) Sporozoite suspension: A 1+ tick equivalent/ml sporozoite

suspension in MEM/3-5% BPA was prepared using 3 day fed adult H.

anatolicum anatolicum ticks infected with G?. annulata (Ankara) as

detailed in Chapter 3- This strain of the parasite was used in all

experiments described in this chapter.

(d) Dilutions: The sera were not diluted. The sporozoite

suspension was diluted 1 in 10 in each of the sera or MEM/3.5% BPA.

A 1 in 10 dilution was obtained by adding 0.6 ml of concentrated

sporozoite suspension to S-h ml of each of the serum samples or

MEM/3.5% BPA in a 10 ml plastic conical centrifuge tube.

(e) Incubation: Each sample mixture was divided into 2 x 3 ml

aliquots in 10 ml centrifuge tubes. One aliquot of each sample was

incubated in an ice-bath at 0-i|°C and the other in a water bath at

37°C. After 0, -3f, 1, 2 and Ij. hours incubation, each sample was
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thoroughly mixed and 0.25 ml aliquots were withdrawn and added to
6 2

0.25 nil of PBL suspension in growth medium (2 x 10 cells) in 2 cm

wells of a 2l+-well culture plate. Each test was done in triplicate.

The plates were incubated at 37°C in a humidified atmosphere of

5% C02 in air.

(f) Culture handling: Each well received 0.5 ml of complete

growth medium on days 1, 2 and 3-

(g) Assessment of cultures: Cytocentrifuge smears were made

on days 2, ij. and 6 of culture. Infection rates were determined by

counting the number of infected lymphocytes per 1,000 lymphocytes

counted on each slide.

(h) Statistical analysis: Data in this section and the rest

of this chapter were presented as mean - standard deviation (S.D.)

of replicates and analysed by Student's t test unless otherwise

stated.

8.2.3 Results

Examination of day 6 smears revealed that cell viability

in cultures where both control and test sera were used had declined

greatly in comparison with day smears, while cultures in MEM/3-5%

BPA had been little affected. No marked differences in infection

rate of the cultures were detectable in day 2 cultures. Comparison

of infection rates in this experiment and subsequent ones was

therefore confined to day i|. cultures.

(a) Pre-incubation temperature: The effect of pre-incubation

temperature and time on infectivity of sporozoites for bovine
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lymphocytes was evaluated using MEM/3 *5% BPA as the incubation

medium and the results are presented in Figure 19. Overall, sporo-

zoites pre-incubated at 37°C for 30 minutes and over were signifi¬

cantly less infective (P < 0.05) than pre-incubation controls and

sporozoites pre-incubated for the same time at 0-I|°C.

(b) Pre-incubation period: Infectivity of sporozoites pre-

incubated in MEM/3.5% BPA at each of the two temperatures for 0

hours was compared with infectivity of sporozoites pre-incubated

in the same medium for different time periods as indicated (Table

i+7)• No significant differences were detected between the infecti¬

vity of sporozoites incubated at 0-4°C for 0 hour and -g hour, one

hour or two hours (P > 0.05). However, there was a significant differ¬

ence between the infectivity of sporozoites pre-incubated at 0-i|°C
for 0 hour and 1+ hours (P < 0.05). The infectivity of sporozoites

pre-incubated at 37°C at each of the time points was significantly

less than the infectivity at 0 hour (P < 0.01), but did not decline

significantly between g hour and if. hours (P > 0.05).

(c) Effect of bovine serum on the infectivity of sporozoites

for bovine lymphocytes: Results of the test of infectivity of sporo¬

zoites pre-incubated in MEM/3.5% BPA, normal sera and sera from

immune cattle at 0-L|°C and 37°C for bovine lymphocytes are presented

in Table I48. The data for infection rates of cultures inoculated

with sporozoites pre-incubated for 0, g, 1, 2 and I4. hours in MEM/

3-5% BPA at the two temperatures were compared with the data for

infection rates of cultures inoculated with sporozoites pre-incubated

in immune and preinfection sera. There was a significant reduction
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in infectivity of sporozoites pre-incubated in both preinfection

and immune sera compared with infectivity of sporozoites pre-

incubated in MEM/3.5% BPA at both temperatures (P < 0.01). There

were no significant differences in infectivity between sporozoites

pre-incubated for 0 hour in preinfection and in immune sera at

0-l+°C (P > 0.05). There was a significant reduction in infectivity

of sporozoites pre-incubated for 0 hour at 37°C in immune sera

compared with infectivity of sporozoites pre-incubated in pre¬

infection sera at the same temperature (P < 0.01). Also the pre¬

infection serum of calf 159 was significantly more inhibitory than

the preinfection serum of calf R13 at this temperature (P < 0.01).

Sera taken on day 36 from R13 and day 1+3 from 159 were significantly

more inhibitory than the serum taken on day 36 from 159 (P < 0.05).
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Table hi Effect of pre-incubation time on infectivity of T.

annulata (Ankara) sporozoites+ for bovine lymphocytes

Pre-incubation
temperature

Pre-incubation
time (h)

||
Infected cells per
1000 cells counted

*Mean ± S.I).

0 70.7 ± 12.2

A
2 60.7 ± 12.5

o-U°c 1 76.3 ± 3.8

2 65-7 ± 11.0

it- 49.0 ± 7-2

0 82.7 ± 11+.6

1
2 29.O ± 8.2

37°C 1 27.3 ± 6.5

2 27.7 ± 8.3

h 19.7 + 5-7

+Sporozoites were pre-incubated in MEM/3 -5°/ BPA prior to their
inoculation into PBL cultures

| j
Infection rates were evaluated on day 1+ of culture

*Mean * S.D. of three replicates



Table1+8Infectivityofsporozoites,pre-incubatedinnormalseraandantiseraat0-[|°Cand37°C, forbovinelymphocytesafterday1+ofculture Numberofinfectedlymphocytesper1000cellscounted(Mean*S.D.)
Incubationmedium

0

Pre-incubationtimein £1
o-l+°c

hours

2

h

MEM/3-5%BPA(Control)

70.7*12.2

60.7*12.5

76.3*3.8

66.0*11.0

1+9.0*7.2

R13Pre-infectionserum(Control)
11.7*U.O

16.0*7.0

9.3*2.5

33.3*7.0

16.0*1+.0

R13Day36Serum

6.3*3.2

5.7*3.5

2.0*2.6

1.0*1.7

1.5*2.1

159Pre-infectionserum

9.7*5.0

20.7*11.0

26.0*12.2

27.0*3.0

15.0*6.0

159Day36Serum

9-7*U-7

6.7*3.8

11.7*3.8

6.7*2.5

5.0*2.6

159Day1+3Serum

11•7±2.3

16.3*1.5

U.3*1.2

1.3*1.5

1+.3*1.2

37°C

MElV3.5%BPA(Control)

82.7*11+.6

29.0*8.2

27.3*6.5

27.7*8.3

19.7*5.7

R13Pre-infectionserum(Control)
19.3*2.1

13.7*2.1

k.3*2.1

3-3*1.2

1.0*1.7

R13Day36Serum

2.0*2.6

0

0

0

0

159Pre-infectionserum

29.7*1.2

23.0*11.1+

12.7*2.5

6.3±l+.0

0

159Day36Serum

8.7*2.1

3-3*1-5

2.3*1.5

0

0

159Day1+3Serum

2.7*0.6

1.7*0.6

1.6*1.0

1.3*1.5

0

Normal=preinfection *Mean*S.D.ofthreereplicates
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Figure IS Effect of pre-incubation temperature and time on

infectivity of sporozoites for bovine lymphocytes.
Sporozoites were incubated at 0-l|°C (• •)
and 37°C (■ ■) before inoculation into EBL
cultures.

Each point represents the mean * S.h. of three

replicates.



280.

8.2.1+ Conclusion

Results of this preliminary study demonstrated that: (1)

infectivity of sporozoites for bovine lymphocytes pre-incubated at

37°C decreased with increasing time of pre-incubation; (2) high

concentrations of both normal and immune bovine sera greatly re¬

duced the viability of cultured lymphocytes with increasing time

of culture; (3) pre- and post-infection sera inhibited sporozoite

infectivity, at both pre-incubation temperatures, compared with

MEM/3.5/6 BPA, but the inhibition was greater with the immune sera

following an incubation temperature of 37°C. The infectivity of

sporozoites pre-incubated in MEM/3-5% BPA was significantly reduced

after 1+ hours of incubation at 0-l+°C and after -g- hour at 37°C. As

a result of these results, sporozoites in the subsequent studies

were pre-incubated at 0-l+°C for two hours.

8.3 Comparison of neutralising capacity of serum factors in primary

and challenge infection antisera

8.3.1 Introduction

Antibodies produced following infection of cattle with

Theileria have been employed in various serological tests using

schizont or piroplasm antigens for the identification of theilerial

species (Schindler and Wokatsch, 1965) monitoring the response

to artificial immunisation (Pipano and Cahana, 1969). The indirect

fluorescent antibody (IPA) test is the most widely used. Burridge

(1971) noted that although a significant rise in IPA titre follow¬

ing experimental infection with T. parva was indicative of immunity

to challenge, there appeared to be no correlation between the degree
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of immunity to challenge and the IFA titre.

The present study was undertaken in order to find out whether

there was a boost in the neutralising effect of antisera following

a challenge infection.

8.3.2 Materials and methods

In order to avoid the undesirable lethal effect of serum

on lymphocytes and concentrate the effect of immune serum on sporo-

zoites, equal volumes of serum and sporozoite suspension were mixed,

the mixtures were incubated for two hours at 0-l|°C and then diluted

four times with MEM/3.5% BPA. To initiate infection, an aliquot

of the diluted serum-sporozoite mixture was added to an equal vol¬

ume of PBL suspension, thus making the final concentration of the

test serum to which PEL were exposed 1 in 16. The test serum was

further diluted to 1 in 32 on day 1 and 1 in 6I4 on day 3 of culti¬

vation by addition of 0.5 ml of growth medium to each well. This

protocol was used in this and subsequent experiments except where

indicated.

(a) Sera: Preinfection sera, and sera from day 28 of primary

infection and day 11+ of challenge, were collected from calf 15U> 155

and 159 (infected and immunised with _T. annulata (Ankara)) and used

in this experiment. Preinfection serum and day h3 antiserum from

calf R13 were used as negative and positive controls respectively

(Gray and Brown, 1981).

(b) Infection procedure: Equal volumes of serum-sporozoite

mixtures incubated and diluted as above, were inoculated into PBL

cultures as detailed in the previous experiment.
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Each test was done in triplicate. Culture maintenance and

assessment was as in the previous experiment with counts of infected

cells done on day 1+.

Results were presented both as infection rates and percentage

infectivity reduction (Neutralisation Index) which was calculated

using the formula, adopted from Palmer and Cavallero (1976) pre¬

sented below:

A — B
% Infectivity reduction = —j— x 100

where A = Mean number of infected cells in cultures inoculated with

sporozoites pre-incubated in preinfection serum

B = Mean number of infected cells in cultures inoculated with
sporozoites pre-incubated in homologous antiserum

8.3.3 Results

The results of infectivity of sporozoites pre-incubated in

MEM/3.5% BPA, preinfection sera and antisera are presented in Table

k9> From this table, it can be seen that the preinfection sera

varied in their inhibition of sporozoite infectivity. For example,

the infectivity of sporozoites pre-incubated in preinfection sera

of 155 and. 159 was less than the infectivity of sporozoites pre-

incubated in preinfection serum of 151+. However, the infectivity

of sporozoites in these sera was not significantly different from

infectivity of sporozoites in the control MEM/3.5% BPA (P > 0.05).

The primary infection and challenge infection antisera significantly

reduced sporozoite infectivity (P < 0.05) in comparison with homo¬

logous preinfection serum. Comparison of the primary infection

and challenge infection antisera in each case showed that only

challenge infection antiserum of calf 159 was significantly more
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inhibitory (P < 0.00) than primary infection antiserum, when

infection rates were assessed on day ij. of infection.
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Table b9 Effect of bovine antisera on infectivity of T. annulata

(Ankara) sporozoites for bovine lymphocytes.

Infected
^

Serum donor Type of serum lymphocytes jnfectivity
per 10UU j , .

4. c -n reduction*Mean ± S.D.

MEM/3.5% BPA
(Control) 21+.5

+
6.9 -

Calf R13
(Control)

Pre-infection

Day 2+3 antiserum

26.3

6.3

+

+

16.6

b.b 76.0

Calf Pre-infe c tion 27.0
+

2.7 -

Day 28 Primary infection 5.8
+

1.7 78.7

Day 12+ Challenge infection 9-8
+

5.7 63.7

Calf 155 Pre-infection 19.3
+

1.9 -

Day 28 Primary infection 8.8 +
5.2 5U.5

Day 114 Challenge infection 7.5
+

3.5 61.0

Calf 159 Pre-infection 20.0
+ 6.6 -

Day 28 Primary infection 7-3
+

2.5 63.8

Day 12j. Challenge infection 2.0
+

0 90.0

*Mean - S.D. of three replicates

The test was read on day 1; of infection
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8.3.1+ Conclusion

The data presented in this study have shown that sera from

immune calves reduced the infectivity of sporozoites upon incubation.

Normal, diluted bovine sera had no effect on sporozoite infectivity

in comparison with MEM/3*5% BPA. Comparison of inhibition of

sporozoite infectivity by primary infection antisera and homologous

challenge infection antisera demonstrated that only the challenge

infection antiserum of calf 159 was more inhibitory than the

primary infection antiserum. This indicated that the anti-sporo-

zoite activity had only been significantly boosted by challenge

in this animal. It was considered that the inhibitory factor in

the antisera was anti-sporozoite since serum concentration was greatly

reduced prior to incubation with the PBL and further reduced during

cultivation.

8.1+ The sequence of production of neutralising serum factors in

an immunised calf, No. 159

8.1+.1 Introduction

In their study on the sequence of production of serum anti¬

bodies against T. parva using the UFA test, Lohr and Ross (1969)

found that antibodies were first detected 8-11+ days after the

application of infected ticks, and peak titres were found after 30

days. Musoke et al. (1982) have shown that protective antigens

present on T. parva sporozoites were not expressed on the corres¬

ponding schizont or piroplasms. This implied that antibodies to

these two stages might not be effective against a sporozoite chall¬

enge. These workers were, however, able to neutralise sporozoite
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infectivity in vivo using hyperimmune sera from cattle that had "been

infected and immunised several times against _T. parva sporozoites.

The study described here was undertaken to assess the sequential

neutralizing factor response following the infection of calf 159

with T. annulata (Ankara).

In the course of performing the preceding experiments, it be¬

came clear that assessment of the infection rates in cultures based

on slide evaluation of Giemsa-stained smears was very cumbersome

and time consuming. Another method of assessing the results was

therefore included in the protocol. This method was based on the

lymphocyte transformation test.

The lymphocyte transformation test may serve to determine:

(1) sensitisation of lymphocytes against specific antigens; (2)

dysfunction of lymphocytes - decreased or increased mitogenesis

following stimulation with a mitogen (Barta and Oyekam, 1981).

Theileria-infected cells are induced by the parasite to transform

into blast cells (Hulliger et al., 196L\.', Malmquist et al., 1970)•

Infected lymphoblasts in turn stimulate other non-infected lympho¬

cytes in the same culture to transform into lymphoblasts (Pearson

et al., 19798; Emery and Morrison, 1980). One of the features of

transformed lymphoblasts is their increased proliferative response

which is reflected in increased DMA synthesis leading to increased

incorporation of nucleic acid precursors (Kristensen et al., 1982).

In the present study, both infection rate and lymphocyte transform¬

ation, determined by tritiated thymidine incorporation, were eval¬

uated to see whether there was any correlation between the two.

Should there prove to be, it was hoped the transformation test would
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be a useful adjunct in assessing infection rates or might replace

the laborious counting of schizont-infected cells.

8.^.2 Materials and methods

(a) Sera: The sera used were collected from a single calf,

159, infected with T. annulata (Ankara) stabilate and challenged

on day 1+9 of primary infection with the same parasite, as detailed

in Chapter i+. These were preinfection serum, and antisera collected

weekly starting from the second week of primary infection through

to the third week of challenge infection. Each serum sample was

used at two concentrations, -undiluted and a 1 in 1+ dilution in MEM/

3-5% BPA.

(b) Sporozoite-serum mixtures: A i| tick equivalent/ml suspen¬

sion of sporozoites was prepared as already described. A 0.79 nil

aliquot of each serum sample at the two concentrations was added to

an equal volume of sporozoite suspension. After thorough mixing,

the mixtures were incubated in an ice-bath (0-i|°C) for two hours.

(c) Infection procedure: At the end of the incubation period,

sporozoite-serum mixtures were diluted 1 in I; as already described.

Aliquots of 0.25 ml of diluted, sporozoite-serum mixtures were

inoculated into equal volumes of EBL cultures as described in

Section 8.2.2. Three replicate wells were set up for each of the

test sera and for the control at each serum concentration. Incu¬

bation of cultures and addition of medium was done as before.

(d) H-TdR incorporation: This was done as described in Chap¬

ter 3. On day 3 of culture, after addition of medium, a single
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200 (jX aliquot of thoroughly mixed culture suspension was trans¬

ferred from each well of the cluster plate into a well of a flat

"bottom microtitre plate. Thus three replicate wells were set up

for each of the test sera and for the control at each serum con¬

centration. A 20 ql aliquot of growth medium containing 1.0 pCi
"3
H-TdR was added to each well of the microtitre plates. The cluster

and microtitre plates were incubated at 37°C in a humidified atmos¬

phere of 5% CO2 in air. After 18 hours of incubation, i.e. on day
1+ of culture, plates were harvested as detailed below.

(e) Sampling: For assessment of ^H-TdR incorporation, cells

in the microtitre plates were harvested and the radioactivity

counted in a liquid scintillation counter as already described in

Chapter 3. Results were expressed as both mean counts per minute

(CFM) and stimulation indices (Si).

For Giemsa-stained smears, 50-100 |_tl aliquots of thoroughly

mixed culture suspension were removed from each well of the cluster

plates and used to make cytotcentrifuge smears. Assessment of

infection rates was done as in the previous experiments. Results

were presented both as infection rates and percentage infectivity

reduction which was calculated using the formula already given.

8.2+. 3 Results

(a) Infection rates: The infection rates of cultures inoc¬

ulated with sporozoites pre-incubated in MEM/3.5% BPA, preinfection

serum and antisera of 159 are presented in Table 50. As can be

seen from the table, the infectivity of sporozoites pre-incubated

in the antisera at both concentrations was significantly inhibited
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in comparison to the infectivity of sporozoites pre-incubated in

MEM/3.$% BPA or preinfection serum (P < 0.05). There was no

significant difference in infectivity of sporozoites harvested

with day 36 and with day 1+3 undiluted primary infection antisera.

However, the infectivity of sporozoites treated with day 1+3 un¬

diluted antiserum was significantly less than infectivity of sporo¬

zoites treated with day 7> 11+ or 21 challenge infection undiluted

antisera (p < 0.05). For the challenge antisera diluted 1 in l+,

only day 11+ serum significantly reduced the sporozoite infectivity

compared with day 1+3 antiserum at the same concentration (P < 0.05).

The results expressed as percentage infectivity reduction, also

presented in Table 50, demonstrated that there was sequential

development of the sporozoite neutralising effect following the

primary and challenge infection of the calf.

(b) ^H-TcLR incorporation: The results of ^H-TdR incorporation

by the cultures infected with sporozoites pre-incubated in MEM/3-5%

BPA, preinfection serum and antisera at both concentrations are

shown in Table 51• Cultures inoculated with sporozoites treated

with MEM/3-5% BPA incorporated significantly higher levels of ^H-TdR
than cultures inoculated with sporozoites treated with undiluted

or 1 in 1+ preinfection serum (P < 0.05). Also cultures inoculated

with sporozoites treated with undiluted or 1 in 1+ antisera incor-

3
porated significantly less H-TdE than cultures inoculated with

sporozoites in undiluted or 1 in 1+ preinfection serum (P < 0.05).

Overall, cultures in 1 in i+ serum incorporated significantly higher

levels of ^H-TdR than cultures in undiluted sera (P < 0.05).
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However, there were a few exceptions: cultures inoculated with

sporozoites in undiluted, day 28 antiserum incorporated higher

levels of ^H-TdR than cultures in the same serum at 1 in i|, and

3
there were no differences in amounts of H-TdR incorporated by

cultures in day 1+3 undiluted or 1 in 1+ antiserum.

(c) The relationship between infection rates and blast-

transformation of cultures: The results for both infection rates

3
and the lymphocyte transformation test expressed as H-TdR incor¬

poration, for the cultures in preinfection serum and the antisera

at both concentrations, are presented in Figure 20. There was a

3
significant correlation between infection rates and ^H-TdR incor¬

poration by cultures in undiluted sera (rg = +0.651+, P < 0.05)
and 1 in 1+ sera (rg = +0.830, P < 0.01). However, the regression
lines for the two correlations were not parallel and they showed

that for any increase in infection rate by one unit, cultures in

31 in 1+ sera incorporated three times more H-TdR than cultures in

undiluted sera.



Table50InfectionratesofculturesinoculatedwithT.annulata(Ankara)sporozoitespre-incubated inneatand1inItnormalandsequentialantiseraofcalf159 NeatSera

1in1+Sera

IncubationMedium
Numberofinfectedcells per1000counted* Mean±S.D.

% Infectivity reduction

Numberofinfectedcells per1000counted* Mean*S.D.

%. Infectivity reduction

MEM/3.5%BPAControl

33-3*

3-2

-

33.3±

3.2

-

Preinfectionserum

28.3±

5.1

-

21+.7±

5.5

-

Day1l+antiserum

1U-7±
2.5

1+8.2

+1

•

VO

r—

3.5

33.8

21antiserum

1U.3±
8.0

1+9.1+

15.0±
7-0

39.2

28antiserum

12.3±
U.o

56.5

11+.0±
3.6

1*3.3

36antiserum

10.0±
3.6

61+.7

12.71
1+.2

1+8.6

1+3antiserum

5-3±

1.5

81.2

11.7±
2.5

52.7

1+9antiserum
(=Day0challenge)

5.7±

6.0

80.0

+1

0

•

CTS

2.0

63.5

Day7challengeantiserum
1.7±

0.6

91+.1

10.0±
3-0

59.5

1l+challengeantiserum
2.31

1.5

91.8

7.71

2.5

68.9

21challengeantiserum
1.31

0.6

95.3

8.7±

6.6

61+.9

♦Evaluationbasedoncountsofthreeslidesforeachtest.Thetestwasreadonday1+ofinfection. Neat-undiluted
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Table 91 -Ti-Tdr incorporation by cultures inoculated with

T. annulata (Ankara) sporozoites pre-incubated in

neat or 1:1+ diluted, normal or sequential anti-

sera of calf 199

Neat Sera 1 in 1| Sera
Incubation Medium

Mean CPM - S.D. Mean CPM - S.D.

MEM/3.5% BPA 12+00.8
+

108.0 1118.5
+

89.2

Preinfection serum 51+9.5
+

17.3 892.8
+

1+0.9

Day lit antiserum 281+.5
+

10.8 701+.3
+

71+. 1

21 antiserum 277-5
+

16.1 91+5.0
+

63.9

28 antiserum 707.3
+

32.1 1+25.3
+

58.2

36 antiserum 500.3
+

130.1 673.3
+

21+.1+

113 antiserum 391+.0
+

25.7 396.5
+

58.2

US antiserum
(= Day 0 challenge)

211+.7
+

21.2 313.3
+

1+9.5

Day 7 challenge antiserum 66.0
+

11.1 289.0
+

11+.5

lit challenge antiserum 129.0
+

21+.1+ 172.0
+

21+.3

21 challenge antiserum 87.3
+

19.6 173.0
+

37.5

*Mean CPM ± S.D. of three replicates

Normal = preinfection
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3
Figure 20 Relationship between infection rate and H-TdR

incorporation by cultures in undiluted and diluted
antisera.

3
• • -H-TdR incorporation by cultures in undiluted

antisera

3
O o ^H-TdR incorporation by cultures in diluted

antisera

■ -■ Infection rate in cultures in undiluted
antisera

a a Infection rate in cultures in 1 in ij. antisera

Each point represents mean of three replicates.
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8.2+-^4 Conclusion

These results have shown that: (1) there was sequential

development of neutralising serum factors following infection of

the calf; (2) assessment of the relationship between infection

rates and -^H-TcLR incorporation by cultures showed that there was

a significant correlation between the two parameters - cultures

with higher infection rates incorporated more H-TdE. However,

there were a few anomalous results where cultures with fewer

3infected cells incorporated higher levels of ^H-TdE than cultures

with more infected cells. This indicated that looking at a single

serum sample may not give meaningful results for the relationship

between infection rates and -%-TdE incorporation.

Perhaps the few irregular results would not have been obtained

if more comprehensive controls, including cultures inoculated with

sera without sporozoites, had been incorporated in the test. It

has been suggested that in order to evaluate the response to a

given mitogen or antigen, the degree of stimulation in stimulated

cultures should be compared with that of unstimulated cultures

(Kristensen et al., 1982). In this study, therefore, ^H-TcLE incor¬

poration could not be used with certainty as an adjunct to infection

rate. In the subsequent experiments, appropriate controls were

incorporated.

8.5 Titration of antisera against sporozoite infectivity

8.5.1 Introduction

The following two experiments were done to assess the suit¬

ability of the lymphocyte transformation test, expressed as thy¬

midine incorporation, as a method of evaluating infection and
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transformation of bovine lymphocytes by sporozoites. A comparison

was made between the degree of thymidine ( H-TdR) incorporation by

cultures receiving sporozoites treated with preinfection serum or

antisera, and infection rates in the same cultures. The study

was done using a constant sporozoite dose and titrated antisera

with known high levels of sporozoite neutralising factors.

8.5.2 Materials and methods

(a) Sera: All sera used were collected from a single calf,

159. In the first experiment, three sera were used: serum collected

before infection, antisera collected on day 1+9 of primary infection

(= day 0 of challenge) and day 11+ of challenge infection. In the

second experiment, five sera were used: preinfection serum and anti¬

sera collected on day 28 of primary infection and days 7 5 1^4- snd

21 of challenge infection of calf 159•

(b) Serum dilutions: All sera were diluted in MEM/3.5% BPA.

In the first experiment, fou:r>-fold dilutions of each serum were

made from undiluted (neat) through to 1 in 16. In the second

experiment, only two concentrations were used for each serum, un¬

diluted and 1 in 1+.

(c) Sporozoites: A l+ tick equivalent/ml stock suspension in

each experiment was prepared as before. Aliquots of sporozoites

were incubated with equal volumes of MEM/3•5% BPA and- the serum

at each dilution as already described. At the end of the incu¬

bation period, each sporozoite-serum mixture was diluted four-fold

in MEM/3.5% BPA.
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(d) Infection procedure: In each experiment infection of EBL

was carried out as "before. Each test was done in three replicates.

(e) Control cultures for %-TdR incorporation test: For each

culture initiated "by inoculation of serum-sporozoite mixture into

EBL suspension, a control (uninfected) culture was set up by inocul¬

ating serum^MEM/3-5% SPA mixture into the EBL suspension.

(f) Pulse-labelling with ^H-TdE: After three days of culture,

samples were transferred from the three replicate wells of each

test and control culture into microtitre plates as already described

above. In the first experiment additional samples were transferred

from two replicate wells in the culture plates into two more wells

in microtitre plates, making a total of five replicates for scintill¬

ation counting for each test and control. In the second experiment,

two replicate samples were transferred from each well in the cul¬

ture plates into wells in the microtitre plates, making six repli¬

cates for each test and control. Pulse-labelling and assessment of

3
H-TdR incorporation was done as already described above. Results

were expressed as mean counts per minute (OEM).

(g) Assessment of infection rates: Giemsa-stained smears were

made on day 1+ in each experiment and the infection rates were

assessed as before.

(h) Comparison of infection rates with ^H-TdR incorporation:

In the first experiment, blast transformation of test and control

3cultures was assessed by measuring H-TcLR incorporation. In the

second experiment, blast transformation in the test and control

3
cultures was also assessed by measuring ^H-TcLR incorporation.
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Additionally, smears were made from both test and control cultures

on day 1; and the percentages of blasts in both cultures were

evaluated visually. The blast transformation was expressed as a

percentage of the counts of incorporated H-TcLR (or visual blast

counts) obtained with the antisera, divided by the counts obtained

for cultures inoculated with sporozoites treated with the pre-

infection serum. The infectivity percentage was similarly worked

out as shown below.

Mean CEM or blast - Mean CEM or blast
counts of cultures counts of cultures
inoculated with inoculated with
antiserum-treated antiserum

Transformation % = t: S^^OZO"'"^fS , ^ rrrf 7— x 100' Mean CPM or blast - Mean OEM or blast
counts of cultures counts of cultures
inoculated with inoculated with

preinfection serum preinfection serum
-treated sporo¬

zoites

0/ _ Infection rate of cultures in antiserum .nnec xvi y /o - infection rate of cultures in preinfection serum x

8.5.3 Results

(a) Infection rates: Results of infection rates in cultures

inoculated with sporozoites treated with MElYl/3.5% BPA, preinfection

serum or antisera are shown in Table 52 for both experiments. From

the table, it can be seen that undiluted (neat) preinfection serum

inhibited sporozoite infectivity in comparison with MEM/3.5% BPA

whereas the diluted preinfection serum did not. It can also be

seen that the diluted preinfection serum did not inhibit sporozoite

infectivity compared with the MEM/3.$% BPA control. The diluted

antisera significantly inhibited sporczoite infectivity compared
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with. MEM/3.5% BPA and the diluted preinfection serum (P < 0.05).

(b) Blast cell development in cultures: The results for both

experiments of the lymphocyte transformation test in infected and

uninfected cultures, determined by ^H-TdR incorporation, are presented

in Table 53a-. The results of the lymphocyte transformation test in

the second experiment, based on evaluation of Giemsa-stained smears

from infected and uninfected cultures, are shown in Table 53b. As

can be seen from these tables, cultures inoculated with sporozoites

treated with 1 in serum in the second experiment incorporated the
3

highest amount of H-TdR, but it was not significantly different

from the amount of %-TdR incorporated by cultures in MEM/3>5% BPA

(P > 0.05). Cultures inoculated with sporozoites in MEM/3.5% BPA

had the highest number of blast cells on slide evaluation of Giemsa-

stained smears. Cultures inoculated with sporozoites treated with

antisera at each of the concentrations incorporated significantly

lower amounts of H-TdR than their preinfection controls (P < 0.05).
3

Also the amount of ^H-TdR incorporated increased significantly with

increasing dilution of both the preinfection sera and the antisera

(p < 0.05).

(c) The relationship between infection rates and blast-trans¬

formation of cultures: The number of infected cells in cultures with

antisera were expressed as percentages computed as already described

above. Results are presented in Figure 21a for Experiment I and

Figure 22a for Experiment II. In both experiments, the counts ob-

3tained for ^H-TdR incorporation by cultures in test sera were ex¬

pressed as percentages of counts for cultures in the preinfection
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serum controls (Figures 21b and 22b). Results obtained by counting

blasts on the slides in the second experiment were expressed in the

same way (Figure 22c). Figure 21b shows that in the first experi¬

ment, cultures with a higher relative percentage of infected cells
3

incorporated higher amounts of H-TcLR. In the second experiment,

cultures with a higher relative percentage of infected cells incor¬

porated higher amounts of ^H-TdR (Figure 22b) or had a higher rela¬

tive percentage of blasts (Figure 22c). In both experiments, days

111 and 21 challenge infection antisera undiluted and at 1 in I).
3

greatly reduced ^H-TdR uptake. There was a significant correlation
3

between infection rates and H-TdR incorporation by cultures in 1

in k sera (P < 0.01, r^Q = 0.765). However, there was no signifi¬
cant correlation between infection rates and ^H-TdR incorporation

by cultures in 1 in ij. sera (r^ = +0.1+1+99 F > 0.05). Also there
was no significant correlation between infection rates and the

number of blasts counted visually for cultures in undiluted sera

(r1Q = +0.511, P > 0.05) or cultures in 1 in it sera (r^Q = +0.275,
P > 0.05).



Table52InfectionratesinculturesinoculatedwithT.annulata(Ankara)sporozoitestreatedwith differentconcentrationsofpre-infectionserumandantiserum
ExperimentI ExperimentII

Incubationmedium

Concentration

Numberoflymphocytes infectedper1000cells counted
*Mean±
S.D.

MEM/3.5%BPA

31.3

+

6.8

Pre-infectionserum

Neat

16.0

+

1.0

1si*

25.7

+

1.5

1:16

28.0

+

2.0

Day

69(=Day0challenge)antiserum
Neat

6.0

+

6.6

1:6

18.3

+

1.5

1:16

22.7

+

6.0

Day

11+challengeinfectionantiserum
Neat

3.0

+

1.0

1:6

8.3

+

3-5

1:16

18.7

+

7.6

MHI/3.5%BPA

66.0

+

11.1

Pre-infectionserum

Neat

38.0

+

12.5

Day28antiserum

Neat

16.0

+

6.0

Day

7challengeinfectionantiserum
Neat

12.3

+

5-1

Day

11+challengeinfectionantiserum
Neat

6.3

+

3.8

Day

21challengeinfectionantiserum
Neat

6.3

+

1.5

Pre-infectionserum

1:6

51.3

+

7-5

Day28antiserum

1:6

29.7

+

10.6

Day

7challengeinfectionantiserum
1:6

22.0

+

2.6

Day

11+challengeinfectionantiserum
1:6

19.3

+

6.5

Day

21challengeinfectionantiserum
1:6

23.0

+

7.2

VjJ

O O

*Mean*S.D.ofthreereplicates
Neat=undiluted
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Table AjueGjment of blast transformations, in infected ajid uninfected cultures, baaed on %-Tdr
incorporation

Experiment
No. Sporozoite incubation medium

♦Mean CHI - s.d. Mean CHI test-
Teat cultures Control cultures Mean CHI control

2438.5
+

402.8 152.0
+

86.3 2287.5
Neat 1059.2

+
372.1 52.0

+
11.0 1007.2

1:4 1535.0 +
224.4 67.o

+
35-2 1468.0

1 j 16 2068.5
+

226.7 81.0 +
20.0 1987.5

Neat 512.0
+ 66.8 44-0

+
7-9 468.0

1:4 1383.0
+

102.5 62.0 +
12.3 1321.0

1:16 1759.6
+

328.8 70.3
+

10.1 1689.0

Neat 270.4
+

202.9 59.0
+

2.7 211.4

1:4 618.6
+

256.6 68.0
+

18.3 550.6
1:16 852.2

+
243.8 79.0

+
16.5 773.2

i mem/3.5# bpa

159 Pre-infection aerum

159 Day 1+9 (= bay 0 challenge)
antiserum

159 Day 11+ challenge infection
antiserum

mem/3.5% bpa 9573.3
+

1584.5 172.3
+

4-3 9401.0
159 Pre-infection aerum Neat 2976.5

+
368.0 74.0

+
28.9 2902.5

159 Day 28 primary infection „ .

antiserum M 1962.5
+

269.9 83.2
+

41.8 1879.3

159 Day 7 challenge infection „

antiserum Neat 1130.3
+

88.1 82.5
+

18.6 1047.8

159 Bay 14 challenge infection antiserum Neat 682.7
t

89.o 66.8
•h

15.9 615.9

159 Day 21 challenge infection antiserum Neat 817.7
+

203.9 52.5
+

5-1 765.2

159 Pre-infection serum 1:4 10570.7
+

1440.1 135.7
+

34-9 10435.0

159 Day 28 primary infection antiserum 1:4 8310.7
+

1439.1 106.2
+

23.1 8204.5

159 Day 7 challenge infection antiserum 1:4 7270.8 541.3 90.7
+

10.2 7180.1
159 Day 11+ challenge infection antiserum 1:4 2439-7

+
364.2 66.8 +

15.9 2387.2

159 Day 21 challenge infection antiserum 1:4 3183.2
+

279.7 52.5
+

5.1 3130.7

Neat = undiluted

Mean ± S.D. of three replicates



Table53bAssessmentofblasttransformationininfectedand,uninfectedculturesbasedonevaluationofsmears (ExperimentIIonly)
Sporozoiteincubationmedium

*MeanNo.
Testcultures

ofblasts-£ Control
•D. cultures

Meanblaststest- Meanblastscontrol

MEM/3-5%BPA

159.0±
13.5

63.3

+

21.1

145.5

59Pre-infectionserum

Neat

115.0-
20.1

35.7

+

9.0

79.3

59Day28primaryinfectionantiserum
Neat

47.0-
11.3

27.7

+

14.8

19.3

59Day7challengeinfectionantiserum
Neat

46.0-
12.6

23.0

+

3.5

23.0

59Dayli|challengeinfectionantiserum
Neat

23.31
6.5

16.0

+

2.0

7-3

59Day21challengeinfectionantiserum
Neat

22.0-
8.2

15.0

-H

h2.0

7-0

59Pre-infectionserum

1:4

145.0±
21.9

44.0

+

6.0

101.0

59Day28primaryinfectionantiserum
1:4

104.0-
18.0

39.0

+

6.9

65.0

59Day7primaryinfectionantiserum
1:4

55.31
13.0

33-0

+

5.6

22.3

59Day14primaryinfectionantiserum
1:4

70.0-
13.2

24.7

+

6.1

45.3

59Day21primaryinfectionantiserum
1:4

74.0-
7.2

21.0

+

4.4

53.0

*Mean*S.D.ofthreereplicates



Figure 21 Relationship between infection rates and blast-
transformation of cultures in antisera.

Infection rates (a) and blast cell transformation

expressed as ^H-TdR incorporation (b) of cultures
in antisera were compared. In each case counts
obtained for cultures in days 0 (l) and 1J+ (2)
of challenge infection antisera at each, dilution
were expressed as a percentage of counts of pre-

infection serum.
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(a)

1 2

, <b)

0 12 12

1/1 1/4
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1 2
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Figure 22 Relationship "between infection rates and blast
transformation of cultures in antisera.

Infection rates (a), "blast cell transformation

expressed as ^H-TdR incorporation (b) and
blast cell counts (c) of cultures in antisera
were compared. In each case counts obtained
for cultures in day 28 primary infection anti¬
serum (1) and days 7 (2), 1 i+ (3) and 21 (I4)
challenge infection antisera at each serum

dilution were expressed as a percentage of
counts in preinfection serum.
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8.5.1+ Conclusion

This study has shown that the relationship between the

degree of lymphocyte transformation and infection rates of EBL

cultures from a non-immune steer 1+6 was variable. It was there¬

fore considered that evaluation of infected cells based on counting

the number of infected cells is a more reliable method than the

lymphocyte transformation test. Moreover, situations are likely

to arise where higher levels of blast transformation do not corres¬

pond to higher infection rates. For example, cells from an animal

immunised against Theileria will form blasts, without necessarily

becoming infected, in response to sporozoites or Theileria-trans¬

formed cells. Immune sera used in the test might contain mitogenic

factor(s) that could cause blast transformation of some of the

uninfected cells. The timing for evaluation of the test is also

important as some of the uninfected cells will be induced to trans¬

form into blasts by the transformed, schizont-infected cells. In

this study, the undiluted antisera, especially the challenge in¬

fection antisera, suppressed blast cell development in cultures,

but the suppression was not seen with the diluted antisera.

8.6 Titration of sporozoites against a constant concentration of

serum

8.6.1 Introduction

All the experiments described so far have shown that peak

infection rates in lymphocyte cultures inoculated with an excess of

sporozoites range from 5-20% by day 2 of culture. This indicates

that only a minority of cells are infectible at the time of
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inoculation; some cells become superinfected while others appear

refractory to infection.

In the present study, two experiments were done in which sporo-

zoites were titrated against antiserum in order to find out the

point at which the neutralising effect of the antiserum would be

able to completely block infectivity of sporozoites for the sus¬

ceptible lymphocytes.

8.6.2 Materials and methods

(a) Sera: Preinfection serum and day 11+ challenge infection

antiserum of calf 159 were used. /

(b) Sporozoite dilution: Serial l°g-|Q dilutions of the 1+ tick
equivalent/ml sporozoite suspension, ranging from 10^ through to

10 were made in MEM/3.5% BPA.

(c) Sporozoite incubation and infection procedure: Aliquots

of undiluted antiserum were mixed with equal volumes of log dil¬

utions of sporozoites. Similar series were set up with preinfection

serum and MEM/3.5% BPA. The mixtures were incubated, then diluted

1 in k as described in Section 8.5, and then inoculated into PBL

suspension. The final serum dilution with PBL was 1 in 16. Each

test was done in triplicate.

(d) Culture assessment: Results were based on an evaluation

of infection rates using Giemsa-stained cytocentrifuge smears made

on days !+, 6 and 8 of infection.
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8.6.3 Results

Since all cultures inoculated with sporozoite dilutions

—2
up to 10 contained infected cells by day h> evaluation of in¬

fection rates for cultures inoculated with 10^ sporozoite suspen¬

sion was limited to day 1+ cultures only. The rest of the cultures

were assessed on days I)., 6 and 8 (Table 5U)« The preinfection

serum did not have any significant effect on the infectivity of

sporozoites compared with MEM/3*5% BPA (P > 0.05). The antiserum
_2

significantly reduced the infectivity of sporozoites (up to 10

sporozoite dilution) compared with the control serum (P < 0.05).

In the first experiment, the antiserum completely blocked the
_3

sporozoite infectivity in cultures inoculated with a 10 sporo¬

zoite dilution. In the second experiment, infected cells were

detected in similar cultures, but not until day 6, and at a very

low percentage (0.1%) (Table 5U)-



Table51+InfectivltyofTheileriaannulata(Ankara)sporozoitesforlymphocytesinculture: Titrationofaporozoitesagainstconstantserumconcentration NUMBEROPLYMPHOCYTESINFECTEDPER1000CELLSCOUNTED
Incubation medium

Day1;

Sporozoitedilutions
0-1-2-1

10101010J
10°

Day6

Sporozoitedilutions -1-2
1010

10~3

10°

Day8

Sporozoitedilutions -1-2
1010

10~3

ixperiraent I

MEM/3.5%BPA (control)

1l+.7*3-8
10.3*1.7
1.7*0.5

0

ND

197.7*6.0
21.3*11.0
3.0*2.6

ND

525.7*1+8.2
230.0*50.9
32.0*5-6

Pre-infection serum (control)
1l+.3*0.6

8.0*2.6
3.0*1.0
0.7*0.6

ND

206.3*52.5
11+.7*3-1

2.7*2.9

ND

51+2.3*17.0
151+.0*10.6
28.7*15.

Antiserum

5-7*3.1

2.3*1.2
0.3*0.6

0

ND

55.0*30.1+
6.3*1.5

0

ND

11+6.3*61.7
3-7*1.2

0

Ixperiment II

MEM/3.5%BPA (control)

52.0*12.5
1+0.3*11.9
7.0*2.0
2.0*1.0

ND

225.7*17.0
55.7*9.3

18.0*8.0
ND

652.3*31+.3
307.8*28.5

53.7*7.1

Pre-infection serum (control)
1*5.7*9.0
31+.3*9.5

5.7*2.5
1.0*1.0

ND

19U.7*16.2
1+3-3*7.6
19-0*1.7
ND

61+1+.0*31+•1+
289.3*13.9

50.7*1+.0

Antiserum

22.0*3.0
13.0*3.6
1.3*0.6

0

ND

9l+.7*21.6
9.3*2.5

1.3*0.6
ND

11+9.0*20.7
16.3*3.1

6.3*2.5

ND=NotDone
DatapresentedasMean*S.D.ofthreereplicates
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8.6.1+ Conclusion

This study has demonstrated that a constant concentration

of serum neutralising factor was able to inhibit infectivity of
_2

sporozoites when the latter were used at dilutions up to 10

However, the same concentration of serum factor was also able to

block the infectivity of sporozoites when the latter were used at
_310 in the first experiment. The experiments also demonstrated

how variable infective material from the ticks can be. In both

experiments, ticks from the same batch were used. However, ticks

used in the second experiment proved to be approximately four times

more infective than ticks used in the first experiment.

8.7 Investigation into the combined effect of immune serum and EBL

from calves immune to T. annulata (Ankara) on infectivity of

sporozoites for bovine lymphocytes

8.7.1 Introduction

Although antisera can neutralise the activity of sporozoites

by inhibiting their entry into susceptible cells in vitro (Gray

and Brown, 1981) and in vivo (Musoke et al., 1982) there are indi¬

cations that serum factors do not confer resistance to theileriosis

(Pipano et al., 1969; Wagner et al., 197U? Mohammed et al., 1975).

It appears that cellular immunity is of paramount importance in

rendering the host resistant (Pearson et al., 19798, 1982). The

importance of cellular immunity has been emphasised in cancer immun¬

ity, but even in this system, it appears that humoral immunity

exerts an important protagonistic or antagonistic effect (Hellstrom

and Hellstrom, 1970). Thus antibody or antigen-antibody complexes
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have heen shown to interfere with cellular immunity on one hand

(Sjogren et al., 1972) and augment this immunity on the other by

the activation of cytotoxic lymphocytes (Perlmann et al., 1972).

It therefore appears that both types of immunity play a role in

the defence of the host against infectious agents.

In an attempt to explain mechanisms by which Theileria-immune

cattle resist homologous challenge with sporozoites, a series of

experiments reported here was carried out to assess the effect of

neutralising antiserum and cells from immune calves on infectivity

of sporozoites for bovine lymphocytes.

8.7-2 Materials and methods

(a) EBL: PBL used in the test were isolated from defibrin-

ated blood by the Ficoll-Paque density gradient technique from two

immunised calves, 1Sb and 155» a week before and once weekly after

a second challenge (re-challenge). Control PEL were similarly iso¬

lated from defibrinated blood of steer 1+6.

(b) Sera: Preinfection sera were used as controls. The test

sera were collected from the two calves at the time of isolating

FBL by defibrination and were used on the same day. Sera collected

before the re-challenge were also used throughout the series of

experiments. Sera from each calf were tested together with homo¬

logous EBL and heterologous PBL 1+6. Antiserum of calf 159 was

tested with PBL from the two calves and steer 1+6. Preinfection sera

from the two calves were used as negative controls while antiserum

collected from 159 on day 11+ of challenge infection was used as a

positive control.
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(c) Sporozoites: Sporozoites of T. annulata (Ankara) prepared

as previously described were used throughout the series.

(d) Infection procedure: Aliquots of 0.1+ ml of 1+ tick equival¬

ent/ml sporozoite suspensions were added to equal volumes of sera

prior to incubation at 0-!+°C for two hours. Sera to be inoculated

into control cultures were incubated with equal volumes of MEM/3«5%

BPA. At the end of incubation, each mixture was diluted in MEM/3«5%

BPA as already described. To initiate infection, each diluted serum-

sporozoite mixture was added in 0.25 nil aliquots to triplicate 0.25

ml cultures, containing 2 x 10^ cells, in culture plates. Control

cultures received serum-MEM/3-5% BPA mixtures. Cultures were main¬

tained as already described.

(e) Sampling: On day 3 of culture, samples were obtained from
3both test and control cultures and were pulse-labelled with H-TdR,

and -^H-TdR incorporation was determined on day 1+ as already des¬

cribed. Por Giemsa-stained smears, samples were taken on day 1+

from the infected cultures only. These samples were used to make

cytocentrifuge smears which were stained and examined for the per¬

centage of infected cells. Results of the lymphocyte transformation,
3

determined by incorporation of H-TdR, were presented as mean

counts per minute (CPM) and stimulation indices (Si) (the ratio of

mean CPM of infected cultures to mean CPM of non-infected cultures).

(f) Statistical analysis: The data obtained for infection rates

were presented as mean - standard deviation . The conventional

one-way analysis of variance and Student's t test were used to test

whether there were significant differences between infectibility of

PBL from the susceptible control and from the immune calves.
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8.7.3 Results

(a) Effect of antisera and FBL from immune calves on

infectivity of sporozoites: Cultures of lymphocytes isolated weekly

from immune calves and a susceptible steer were inoculated with

T. annulata (Ankara) sporozoites pre-incubated in MEM/3-5% BPA,

preinfection sera or homologous antisera. Results of sporozoite

infectivity are presented in Figures 23-27 and Tables 55-59• As

can be seen from the figures, sporozoite infectivity was always

highest following pre-incubation either in MEM/3•$% BRA or pre¬

infection sera. Sporozoites pre-incubated in the 159 control

antiserum were invariably least infective. Moreover, clear inhi¬

bition of infectivity was demonstrated when the sporozoites were

pre-incubated with weekly post re-challenge antisera, as compared

with preinfection serum or MEM/3.5% BPA.

To test whether there were any significant differences in

infectibility of FBL from the three animals, results obtained for

each week were analysed using one-way analysis of variance. Results

of the analysis are presented in Figure 28. The shaded segments

represent weeks when the differences in EBL infectibility were

statistically significant. Out of a total of 25 segments tested,

only 10 differences were statistically significant (P < 0.05) and

they were randomly distributed. Overall, therefore, differences

in infectivity of FBL from the three animals were considered not to

be important.

(b) Relationship between lymphocyte transformation and infection

rates: The results of the lymphocyte transformation, expressed as

stimulation indices (Si), and the infection rates are presented in
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Tables 55-56 and Appendix Tables 10-15. As can be seen from the

tables, the relationship between the degree of lymphocyte stimul¬

ation in infected cultures and infection rates was very variable.

In some cases where the infection rates were high, the degree of

lymphocyte stimulation was low and vice versa. This applied to

all EBL cultures from the two immune calves 15^1 and 155 and the

control steer I4.6. The only exceptions were the cultures inocul¬

ated with sporozoites in 159 control antiserum. These always had

the lowest infection rates and in the majority of cases they also

had the lowest stimulation indices. In addition, higher numbers

of uninfected than infected blasts were observed in cultures of

EBL from immune calves and in cultures of EBL from the susceptible

steer J46, following initiation of infection with sporozoites pre-

incubated in antisera of l5i+ and 155* Higher numbers of blast

cells than expected were observed in uninfected PEL from immune

calves, cultured in the presence of antisera from 15^4- and 155

(data not shown). Such cultures incorporated higher levels of

^H-TcLR (see Appendix Tables 10-15).
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Table 55 Infection rates*and lymphocyte transformation of cultured

PBL from a susceptible control and immune calves one veek

before re-challenge

Source of
cells Sporozoite incubation medium

Stimulation
index

Infected cells

per 1000
**Mean ± S.D.

15U
(immune)

155
(immune)

1+6
suscept¬
ible
control

mew/3-5% bpa 13-9 17-7 + 3-0

151+ Pre-infection serum 12.6 11+-7 + 1+-9
151+ Pre-rechallenge serum 30.0 3-0 + 1 .0

155 Pre-infection serum 31-9 8.0 + 2.0

155 Pre-rechallenge serum 36.1+ 5-7 + 0.6

159 Pre-infection serum 6.0 12.0 + 5-3
159 Day 11+ challenge infection

serum

2-9 1-3 + 0.6

mew/3-5% bpa 107.0 20.0 + 9-0

155 Pre-infection serum 93-7 22.3 + 8.0

155 Pre-rechallenge serum 110.6 12.3 + 5-6
151+ Pre-infection serum 68.9 16.7 + 15-3
151+ Pre-rechallenge serum 180.7 10.0 + 1+-1+
159 Pre-infection serum 70-7 7-7 + 1.2

159 Day 12+ challenge infection
serum

20.9 3-6 + 2.1

mew/3.5% bpa 1+-1+ 22.0 + l*.o
151+ Pre-infection serum 5-8 19-0 + 3-6
151+ Pre-rechallenge serum 7.6 7.6 + 5-0
155 Pre-infection serum 11.2 18.0 + 6.2

155 Pre-rechallenge serum 3-8 15-0 + 3-0

159 Pre-infection serum 10.8 15-3 + 5-5
159 Day 11+ challenge infection 5-3 2.7 + 1-5

serum

*Test read on day k of culture in this series of experiments

**Mean ± S.D. of three replicates

Pre-rechallenge serum was collected at the time of EBL isolation
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Table 56 Infection rates and lymphocyte transformation of cultured

EBL from a susceptible control and immune calves one week

after re-challenge

Source of 0 ., , ,. ,. Stimulation
, Sporozoite incubation medium . .cells ^ index

Infected cells

per 1000
Mean * S.D.

151+ MEM/3-5% BPA 96.1+ 37.3
+ 2.1

(immune) 151+ Pre-infection serum 86.9 30.0 + 6.1

151+ Pre-rechallenge serum 57.8 18.7 + 10.0

151+ Post-rechallenge serum 1+3-9 13.O + 1+.6
159 Day 11; challenge infection 19.3 6.0 + 1.0

serum

155 MM/3-5% BPA 25.6 36.7 + 7.6
(immune) 155 Pre-infection serum 80.0 36.7 + 7.6

155 Pre-rechallenge serum 38.1+ 30.7 ± 9.0

155 Post-rechallenge serum 1+3-1+ 17.6 ± 6.7
159 Day 1i+ challenge infection 18.5 6.7 ± 3.1

serum

1+6 MEM/3.5% BPA 1+0.5 50.0 ± 11.5
(suscept¬
ible) 151+ Pre-infection serum 1+3-7 60.0 ± 5.3

control 151+ Pre-rechallenge serum 1+5.3 39-0 ± 5.3
151+ Post-rechallenge serum 77.2 31+.0 ± 10.0

155 Pre-infection serum 98.1+ 59-3 ± 5.1

155 Pre-rechallenge serum 11+8.5 1+1+-0 + 8.7
155 Post-rechallenge serum 151+.2 37.0 ± 2.6

159 Day 1i+ challenge infection 8.1+ 7.0 + 1.7
serum

Post re-challenge serum was collected at the time of each PEL
isolation in this series of experiments.
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Table 57 Infection rates and lymphocyte transformation of cultured

EBL from a susceptible control and immune calves two weeks

after re-challenge

Infected cells
per 1000

Source of
cells Sporozoite incubation medium

Stimulation
index

151+
(.Immune)

155
(immune)

1+6
(suscept¬
ible)
control

mem/3.5% bpa 1.7 8.0 + 2.0

151+ Pre-infection serum 1.2 7.3 + 3.2

151+ Pre-rechallenge serum 3.5 5.7 + 3-8
151+ Post-rechallenge serum 3.2 2.0 + 1.7

159 Day 11+ challenge infection
serum

1.7 0.7 + 1.2

mem/3-5% bpa 5.1+ 8.0 + 2.8

155 Pre-infection serum 3.6 6.3 + 0.6

155 Pre-rechallenge serum I4.-0 7-0 + 2.0

155 Post-rechallenge serum 6.5 1+.0 + 1 .0

159 Day 1[|. challenge infection
serum

1.7 0.3 + 0.6

mem/3.5% bpa 5.5 11+.3 + 1.5
151+ Pre-infection serum 3.0 13.7 + 3.8
151+ Pre-rechallenge serum 6.2 11.0 + 6.0

151+ Post-rechallenge serum 3.7 8.3 + 2.1

155 Pre-infection serum 11+.1+ 17.0 + 8.2

155 Pre-rechallenge serum 7.5 11+.3 + 1.5

155 Post-rechallenge serum 10.9 12.0 5.2

159 Day 11+ challenge infection 3.8 1+.3 + 2.1
serum
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Table 38 Infection rates and lymphocyte transformation of cultured

PBL from a susceptible control and immune calves three

weeks after re-challenge

Source of
cells Sporozoite incubation medium

Stimulation
index

Infected cells

per 1000
Mean ± S.D.

151+
(immune)

155
(immune)

1+6
(suscept¬
ible)
control

mim/3.5% bpa 33-2 1+6.0 + 21+.5
151+ Pre-infection serum 5.9 57.7 + 9.0

151+ Pre-rechallenge serum 8.5 11.0 + 9.5
151+ Post-rechallenge serum 1+.1 8.0 +

1.7

159 Day 11+ challenge infection
serum

5.7 7-3 + 3.8

MEM/3-5% bpa 11+.3 57-3 + 17.8
155 Pre-infection serum 10.1 50.7 + 7.0

155 Pre-challenge serum 12.7 39-0 + 15.9
155 Post-rechallenge serum 13.6 15.7 + 9.8
159 Day 11+ challenge infection

serum

7-2 5-3 + 1+.2

MEM/3.5% bpa 21.3 1+2.7 +
9.0

151+ Pre-infection serum 31.9 60.0 + 8.0

151+ Pre-challenge serum 19-1+ 38.0 + 6.2

151+ Post-rechallenge serum 9.1 21.7
+ 13.5

155 Pre-infection serum 11+.1+ 50.3 +
9.1

155 Pre-rechallenge serum 6.5 36.0 + 7.8
155 Post-rechallenge serum 5-9 36.0 + 8.5
159 Day 11+ challenge infection 7-3 i+.O +

1.7
serum

*Mean ± S.D. of three replicates
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Table 39 Infection rates and lymphocyte transformation of

cultured PBL from a susceptible control and immune

calves four weeks after re-challenge

Source of „ ., , Stimulation
,t Sporozoite incubation medium . ,cells r index

Infected cells
per 1000

*Mean - S.D.

151+ mim/3.5% bpa 8.8 80.0 +
9.2

(immune) 151+ Pre-infection serum 10.6 75.0 + 8.0

151+ Pre-rechallenge serum 13.1 60.0 + 1+.6
15u Post-rechallenge serum 26.9 1+6.7 + 11.3

159 Day 11+ challenge infection 10.1+ 19.7 + 5.1
serum

155
/ . \

mem/3.5% bpa 23.8 51+. 7
+ 16.1+

(immune) 155 Pre-infection serum 21+. 7 1+3.7 + 18.9
155 Pre-rechallenge serum 26.6. 33-0

+ 12.5
155 Post-rechallenge serum 1+8.0 21.0 + 6.2

159 Day 11+ challenge infection 12.6 16.7 +
2.3

serum

he MEM/3 -5% bpa 1+9.2 71.7
+ 15.0

(suscept¬
ible) 151+ Pre-infection serum 60.1 75-3 + 10.1

control 151+ Pre-rechallenge serum 28.1+ Sh.l +
13.1

151+ Post-rechallenge serum 29. k 37-7 + 8.5
155 Pre-infection serum 85-5 70.0 + 3-5
155 Pre-rechallenge serum 61+. 1+ 62.7 + 6.7
155 Post-rechallenge serum 9l+.0 1+6.7 ± 9.0

159 Day 11+ challenge infection 39-5 31+. 0 ± 3.6
serum

*Mean ± S.D. of three replicates
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Figure 23 Infectibility of PBL from a susceptible control steer
and from immune calves one week before rechallenge.

Sporozoites were incubated in the following media
before inoculation into PBL cultures:

1 MEM/3.5% BPA
2 154 Preinfection serum

3 154 Pre-rechallenge serum

4 159 Preinfection serum (negative control)
5 159 Antiserum (positive control)
6 155 Preinfection serum

7 155 Pre-rechallenge serum

Results are given as Mean ± S.D. of three replicates.
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Figure 2b Infectibility of PBL from a susceptible control steer
and from Immune calves one week after rechallenge.

Sporozoites were incubated in the following media
before inoculation into EBL cultures:

1 MEM/3.5% BPA
2 15U Preinfection serum

3 15U Pre-rechallenge serum

1+ 15U one week post rechallenge serum

5 159 Antiserum

6 155 Preinfection serum

7 155 Pre-rechallenge serum

8 155 one week post rechallenge serum

Results are given as Mean * S.L. of three replicates
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Figure 25 Infectibility of EBL from a susceptible control steer
and from immune calves two weeks after rechallenge.

Sporozoites were incubated in the following media

before inoculation into EBL cultures:

1 MEM/3-5% KPA
2 15L Preinfection serum

3 15U Pre-rechallenge serum

L 15L Two weeks post-rechallenge serum

5 159 Control antiserum

6 155 Preinfection serum

7 155 Post rechallenge serum

8 155 Two weeks post rechallenge serum

Results are given as Mean ± S.L. of three replicates.
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Figure 26 Infectibility of PBL from a susceptible control steer
and from immune calves three weeks post rechallenge.

Sporozoites were incubated in the following media

before inoculation into PEL cultures.

1 MEM/3-5% BPA
2 151+ Preinfection serum

3 15^4 Pre-rechallenge serum

15U Three week post-rechallenge serum

5 159 Control antiserum

6 155 Preinfection serum

7 155 Pre-rechallenge serum

8 155 Post-rechallenge serum

Results are given as Mean ± S.D. of three replicates
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Figure 27 Infectibility of EBL from a susceptible control steer
and from immune calves four weeks after rechallenge.

Sporozoites were incubated in the following media
before inoculation into EBL cultures:

1 MEM/3.5% BPA
2 151+ Preinfection serum

3 l5i| Pre-rechallenge serum

I4. 151+ Four-week post rechallenge serum

5 159 Antiserum
6 155 Preinfection serum

7 155 Pre-rechallenge serum

8 155 Four-week post-rechallenge serum

Results are given as Mean ± S.L. of three replicates
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Figure 28 Schematic representation of results of one-way analysis
of variance of data obtained for infectibility of PEL
from susceptible steer I46 and from immune calves 15U>
155. The shaded boxes represent data when infectibility
of EBL from immune calves was significantly different
from PEL of a susceptible steer.

Empty boxes = infectibility not significantly different.

Time of PEL infection

1 = One week before rechallenge
2 = One week after rechallenge

3 = Two weeks after rechallenge

!(. = Three weeks after rechallenge

5 = Four weeks after rechallenge

Sporozoite incubation medium

A = MEM/3.5% BPA
B = Preinfection sera

C = Pre-rechallenge sera

I) = Weekly sera after rechallenge
E = 159 Control antiserum
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Q.^.b Conclusion

Results presented in this study have shown: (1) that there

was no significant difference in susceptibility of PBL from immune

cattle and FBL from a susceptible animal, when they were exposed

to T. annulata (Ankara) sporozoites; (2) that no synergistic inhi¬

bitory effect occurred when sporozoites were exposed to both serum

and PBL from immune calves. Moreover, in the system used lympho-
•3

cyte stimulation measured by -uI-TdR incorporation could not be

used for assessing infection rates as there was no relationship

between infection rates and the degree of stimulation.

8.8 Discussion

The results presented in this study have shown that sera

from cattle immunised against T. annulata sporozoites apparently

inhibited in vitro infectivity of T. annulata (Ankara) sporozoites

for bovine lymphocytes. The sporozoite infectivity was assessed

between days 2-8 (generally day I4.) of infection. It is possible

that the lower number of schizont-infected cells observed in

cultures in the antisera compared to their controls was due to

the antisera inhibiting the infectivity of sporozoites and the

multiplication of schizont-infected cells. Pre-incubation of

sporozoites in preinfection bovine serum also inhibited their

infectivity, but this inhibitory activity was considerably less than

that observed in immune sera. Furthermore it was removed by the

dilution of serum-sporozoite mixtures after incubation. Dilution

of pre-incubated antiserum-sporozoite mixtures did not affect the

inhibitory effect on sporozoite infectivity. This indicated that
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the inhibitory factor in the preinfection bovine serum was non¬

specific. Musoke et al. (1982) showed that the neutralising effect

of bovine or rabbit hyperimmune serum against T. parva sporozoites

was produced by an antibody belonging to the IgGg subclass. Al¬
though the antiserum neutralising factor(s) against T. annulata

sporozoites were not identified in the present study, it is most

likely that these factors were antibodies.

Evaluation of lymphocyte transformation tests and infection

rates for the same cultures showed that the relationship between

the two parameters was variable. Sometimes there was positive

correlation between the two and sometimes there was not. It was

therefore considered that lymphocyte transformation could not be

used as an adjunct to the evaluation of infection rates.

This study has also demonstrated that differences in infecti-

bility between EBL from immune calves and the susceptible control

steer ij.6 were not significant, and no synergistic inhibitory effect

occurred when sporozoites were exposed to both serum and EBL from

immune calves.

The results described in this report have suggested that

humoral antibodies may play a role in resistance to reinfection with

T. annulata. This conclusion is based on the findings that immune

serum from cattle contained neutralising factors (possibly anti¬

bodies) against T. annulata sporozoites. This suggestion agrees

with the observations of Musoke et al. (1982). In their study

these workers showed that pre-incubation of T. parva sporozoites

in immune serum prior to cattle inoculation neutralised the sporo-

zoite infectivity in vivo. Robson et al. (1961) reported that
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successful treatment of ECF cases had been achieved by the intra¬

venous injection of 500-600 ml of immune serum from cattle into

each animal. They, however, did not say at what stage of infection

the treatment was given nor did they state the recovery rate follow¬

ing the treatment. On the other hand, Muhammed et al. (1975) con¬

cluded, after failing to transfer immunity to ECF with serum from

recovered cattle, that immunity was probably cell-mediated. It

is possible that the serum they used contained few or no antibodies

against sporozoites; it was only screened against schizont and

piroplasm antigens. It is also possible that the protective anti¬

bodies raised against schizont or piroplasm stages may not protect

against sporozoite infection. In this context, it is interesting

to note that serum from challenge reactions, i.e. cattle exposed

to more than one dose of sporozoites, was significantly more

inhibitory to sporozoite infections than serum taken following a

primary infection. The mode of action by which antibodies neutra¬

lise sporozoite infectivity remains to be determined. However,

it is possible that antibodies bind to specific receptor sites on

the sporozoites, inhibiting their interaction with, and entry into,

the target cells. Recent findings have shown that this happens in

the case of P. berghei sporozoites (Hollingdale et al., 1982).

Alternatively the action of antibodies on sporozoites might be a

direct lethal one in conjunction with available complement.

Recently, complement has been demonstrated in the skin of guinea-

pigs where salivary gland antigens of Dermacentor andersoni were

deposited (Allen, Khalil and Graham, 1979)* Also antibody coating

of the sporozoites could render them more susceptible to the
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phagocytic system especially if the Ig&2 °lass are involved, as

these activate homologous neutrophils and monocytes into phago¬

cytic activity more efficiently than IgG^ (McGuire et al., 1979)*
An improvement on the neutralisation test described in this

study, whereby antibodies purified from antisera are used against

sporozoites, would provide a useful tool for monitoring the

development of immunity during the course of infection or follow¬

ing immunisation as done in the preliminary work by Musoke et al.

(1982). It would also offer a quick way of distinguishing between

strains, instead of the cross-challenge, a method that is currently

employed (Radley et al., 1975t>).
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CHAPTER NINE

GENERAL DISCUSSION AND CONCLUSIONS

The aim of the present study was to evaluate both humoral

and cellular immune mechanisms that operate in tropical theiler-

iosis caused by Theileria annulata, and to characterise target

cells for Theileria parva and Theileria annulata.

One of the prerequisites for an evaluation of effectors of

immune mechanisms in theileriosis is the availability of immune

cattle to donate immune sera and cells for use in the in vitro

studies. To produce immune cattle, calves were infected with _T.

annulata (Ankara or Hissar) or T. parva (Muguga) and when clinical

disease had developed, they were treated with one of the two

experimental anti-theilerial compounds, halofuginone and compound

9930. The results of the treatment were quite dramatic, in that

halofuginone cured four out of five T. annulata-infected calves

and all of four T. parva (Muguga)-infected calves, and compound

9930 cured five out of six T. annulata-infected calves. Because

of the small number of animals used for each treated group and

their controls, the data obtained for the animals that died and

those that survived were evaluated by Fisher's "Exact Test" (ipsen

and Feigh, 1957; see also Appendix Table 16). This test is designed

to permit rough comparisons between small groups of data, and the

results obtained suggested that the survival rate attributable to

the effect of halofuginone or compound 993C was highly significant.

However, it was evident that with the treatment regime used for

both drugs, more than one dose was needed to prevent relapses of

T. annulata infections.
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One of the fundamental points that has been neglected until

recently is the question of whether or not T. parva and T. annulata

infect the same target cells, and the type of lymphoid cells (B,

T or Null) that are infectible by these parasites. Accurate

identification of target cells infected, for example,by T. annul¬

ata would show (1) whether or not the same target cells are infect¬

ible by T. parva and (2) whether the cell type(s) infected by the

two parasites have the same characteristics after infection and

transformation. This information would be particularly useful in

connection with the use of a cell culture vaccine. At present this

method of vaccination is more successful with T. annulata than with

T. parva (Brown et al., 1978b). It is considered that histocompat¬

ibility factors may account for the lower success rate achieved with

T. parva vaccine compared to T. annulata vaccine, as a much higher

number of T. parva-infected cells bearing histocompatability antigens

different from those of the recipient are needed to initiate infection

and effect immunisation (Brown et al.. 1978b).

In this study two approaches were made in an attempt to answer

the question of the nature of the target cell(s) for the two para¬

sites. Firstly, established T. parva and T. annulata cell lines

were characterised for their surface characteristics using immuno¬

fluorescence and rosette assays. Secondly, techniques that are

frequently used for the isolation of B and T cells from other species

were employed in order to separate bovine lymphocytes into B-enriched

and T-enriched cell populations. The infectibility of the separated

cell populations was then evaluated using T. annulata sporozoites.

It was not possible to assess the infectibility of the separated
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cell populations using T. parva sporozoites because the material

used for infection gave irregular results. Results obtained from

the cell surface characterisation tests showed that neither T.

parva nor T. annulata cell lines bore surface immunoglobulins (SIg)

and that over 95% of parva cells bound peanut agglutinin (PNA).

The rosette assays demonstrated that the majority of cells in the

T. parva cell lines had E receptors. These tests demonstrated that

T. parva cell lines exhibited T cell surface markers, an indication

that these cell lines originated from T cell subpopulations which

have these markers. A significant percentage (23-26%) of cells in

the T. annulata cell lines, although constituting a minority, had

Pc receptors. This could be explained by the possibility that T.

annulata infects mixed cell populations, those both with and without

Pc receptors. Alternatively, if T. annulata initially infected only

cells with Pc receptors, then it is possible that all the infected

and transformed cells did not exhibit these receptors at the same

time.

The results of the infectibility tests demonstrated that T.

annulata sporozoites infected non-E-rosette-forming cells (non-E-

RPC) and nylon wool- and plastic surface-adherent cell populations

more readily than E-RPC, unseparated peripheral blood leucocytes

(PEL) or non-adherent cell populations. Of the precultured adher¬

ent cells, the lymphoid cells with Pc receptors (B cells) were

readily infectible while the majority of the macrophages were

refractory. This demonstrated that T. annulata infects and esta¬

blishes in mainly B cells, but these do not appear to secrete Ig.
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It must "be pointed out that the separated cell populations used

in the infectihility tests were enriched for, rather than being

pure preparations of, particular cell types. Further work should

be done in order to separate cell types to homogeneity. Identi¬

fication and infection of such cells would facilitate accurate

characterisation of target cells for these two parasites. For

example, a "panning" method has been used for accurate fraction¬

ation of mouse T and B lymphocytes (Wysoki and Sato, 1978). Using

a modification of this method for the separation of bovine lympho¬

cytes, Spooner (personal communication) obtained 90-9$% B cells.

Even this elegant, yet simple technique did not give pure subpopul-

ations of bovine cells. Moreover, cell numbers play important

roles in studies employing populations enriched for one cell type

versus another. With 10 cells, as little as 1% contamination

translates into 1 x 10^ contaminating cells and 10% contamination

means one is dealing with 1 x 10^ contaminating cells. This high¬

lights one of the problems encountered in cell fractionation studies.

Of the cell separation methods used in the present study, E-

rosette sedimentation gave cell populations with relatively higher

numbers of T cells (76.6%) and B cells ($6.$%) than the other

methods. However, the infectivity tests showed that, even using

an excess of sporozoites, only 60% of the non-E-rosette-forming

cells were infected by day U of infection.

In a series of experiments reported in this study, optimal

conditions for the production of bovine T cell growth factor (TCGF)

were established. In the system used, a combination of Con A and
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bovine spleen cells yielded more potent TCGE than a combination

of Con A and EEL. The TCGP produced thus was then used to main¬

tain T cell blasts in culture for about two months. However,

after eight weeks in culture, both the rate of cell growth and

the viability of the cultured cells declined, and this was attri¬

buted to the effect of residual Con A. The indication from this

study was that TCGE should be purified before it can be used for

the cloning of T cells with specific functions.

The results obtained from the preliminary study on cytotoxic

responses in T. annulata (Ankara) infections showed that cells

which were cytotoxic for autologous cell lines were generated only

in calves that had been successfully infected and immunised against

the same parasite. This suggested a role for cytotoxic cells in

the processes that eliminate schizont-infected cells in animals

that recover from theileriosis. However, more work is required to

define the nature of the cytotoxic cells and to determine the

pattern and duration of cell-mediated immunity in T. parva infections.

The generation of cytotoxic cells following initiation and

maintenance of an autologous mixed lymphocyte reaction (AMLR) for

five days in growth medium was irregular, and the cytotoxic cells

generated were not genetically restricted. Addition of TCGE of

bovine origin to the culture systems did not boost generation of

cytotoxic cells in vitro. On the contrary, lower cytotoxic responses

were mediated by cells maintained in TCGE compared with cells main¬

tained in growth medium. It is suggested that a long term culture

period may be necessary before an amplified number of genetically

restricted cytotoxic cells can be generated in vitro following an

AMLR.
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The results of the antibody dependent cellular cytotoxicity

(ADCC) test did not show the presence of serum antibodies to the

Theileria-infected cell lines used. This could possibly mean that

specific antibodies to Theileria antigens might have been present

in the antisera used, but the parasite antigens were not expressed

on the surface of the cultured cells. In the only reported study

where ADCC against a T. parva cell line (C2) was demonstrated, the

bovine antisera used had been raised against the cell line by

inoculating it into cattle (Duffus et al.. 1978a). It is possible

that the ADCC demonstrated was a response against the lymphocytes

and not specifically against the parasite antigens. Moreover, a

recent study did not demonstrate the presence of parasite antigens

on the surface of cultured cell lines (Creemers, 1982). It is

suggested that further studies should be done in order to determine

whether specific parasite antigens are expressed on the surface of

the infected cells and whether such antigens provoke an immune

response in the host.

It was demonstrated in this study that undiluted bovine pre-

infection serum had an inhibitory effect on the infectivity of

T. annulata (Ankara) sporozoites for bovine lymphocytes, but this

effect was not seen when the serum was diluted 1 in 1+. The inhibi¬

tory factor in the preinfection serum was considered to be non¬

specific since it was not seen in the diluted serum. On the other

hand, bovine antisera inhibited T. annulata (Ankara) sporozoites

when they were used undiluted and at a dilution of 1 in l+. The

inhibitory factor in the antisera was considered to be an antibody,

similar to the one identified in T. parva antisera (Musoke et al.,
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1982). It must be pointed out that evaluation of infection rates

done on day k of infection was possibly affected by a complex

phenomenon whereby the antisera initially inhibited sporozoite

infectivity, and later, the transformation and multiplication of

the trophozoite-infected cells. The effect of the neutralising

antibody against sporozoite infectivity, therefore, might have

been better assessed at 18 hours of culture, i.e. at the tropho¬

zoite stage of the intracellular parasite.

Most of the work reported in this study concerning the neutral¬

isation of sporozoite infectivity by antisera was based on the

use of homologous antisera against T. annulata (Ankara) sporozoites.

However, two neutralisation test experiments were done in which

bovine antisera raised against T. annulata (Ankara) sporozoites

were reacted against T. annulata (Hissar) sporozoites and vice versa.

The results obtained in these experiments demonstrated that the

infectivity of T. annulata (Ankara) or annulata (Hissar) sporo¬

zoites was greatly inhibited by the heterologous strain antisera,

with reduction indices ranging from 31-61%. These indices were

within the range obtained using homologous antisera. These findings

were consistent with other observations reported recently (Gray

and Brown, 1981). Assuming that the in vitro neutralisation of

sporozoite infectivity correlates with the in vivo situation, the

two strains should then cross-protect. This has been observed

in an experiment in this laboratory (see Chapter k) whereby calves

recovered from infection with the Ankara strain of T. annulata

proved to be refractory to reinfection when challenged with sporo¬

zoites of the Hissar strain and vice versa. One could argue that
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the two parasites are disparate isolates belonging to the same

strain. However, Melrose and Brown (1979) and Melrose et_ al.

(1980, 1981) have demonstrated that the glucose phosphate iso-

merase isoenzyme patterns associated with schizonts, piroplasms

and sporozoites of the two parasites were different. Thus these

parasites apparently belong to two different strains. This raises

the possibility that common protective antigenic determinants are

present on their sporozoites. To answer this question, a mono¬

clonal antibody raised against purified sporozoites of one strain

could be reacted against both strains. If there were cross-

reactivity, then biochemical identification of the relevant anti-

gen(s) could be undertaken in order to characterise the common

protective determinants. These studies could be extended to all

Theileria parasites in order to determine sporozoite antigens that

are immunogenic and confer protection against homologous and/or

heterologous challenge. Elsewhere, in an attempt to define Plas¬

modium antigen(s) related to the development of a protective immune

response in the host, monoclonal antibodies have recently been

shown to interfere with rodent malaria infection (P. berghei) at

the sporozoite (Yoshida et al., 1980) or merozoite stage (Preedman

et al., 1980).

Moreover, identification of structural and biochemical pro¬

perties of the protective antigens associated with Theileria sporo¬

zoites should make it possible to develop an effective vaccine

using such antigens. Antibodies to these antigens would inhibit

entry of the bovine host target cells by the sporozoites. The few

sporozoites that passed through the antibody barrier would only
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cause a mild or inapparent disease since the development of overt

disease is dependent on the quantum of infection (Wilde et al.,

1968). Indeed, it has been demonstrated in this study that when

sporozoites were titrated against a constant concentration of

antiserum, the sporozoite infectivity was completely blocked at

the lowest dilution. In another related protozoan parasite,

Babesia, it has been demonstrated that soluble antigens obtained

from cell cultures, and merozoite surface antigens, were immunogenic

and conferred good protection against homologous challenge (Ristic

and Levy, 1981). It was further shown that antibodies to these

antigens were responsible for preventing penetration of erythro¬

cytes by the merozoites (Ristic, 1982). Thus antibodies apparently

play a more significant role in protection of the host against re¬

infection with Babesia or Plasmodium parasites than has hitherto

been recognised. Likewise the results of the in vitro studies pre¬

sented in this thesis and those reported by Gray and Brown (1981),

and the observations made after preliminary in vivo neutralisation

tests (Musoke et al., 1982), have indicated a role for antibodies

in protection against sporozoite reinfection in theileriosis. If

the protective antigens on Theileria sporozoites can be accurately

identified, it should be feasible to produce an effective sporo-

zoite-based vaccine which can be used in the control of theileriosis.

The results of the present study have shown that T. parva and

T. annulata infect different target cells and have indicated a

role for (1) cytotoxic cells in the immune effector mechanisms that

kill schizont-infected cells, and (2) antibodies in blocking the
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entry of sporozoites into the host's target cells. The knowledge

gained from this study should contribute towards an understanding

of the immune mechanisms that operate in bovine theileriosis and

assist efforts being made to produce an effective vaccine.
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APPENDIX I

Names and Addresses of Suppliers of Equipment and Materials used in

this Thesis

1 Gibco-Europe, 3 Washington Road, Paisley, PA3 J|"FTP, Scotland

2 Glaxo-Laboratories Ltd., Greenford, England

3 Oxoid Ltd., Wade Road, Basingstoke, Hants., RG2 OPW, England

1+ Mycostatin, E.R. Squibb and Sons Ltd., Twickenham, Middlesex, England

5 Sigma Chemical Co., Box 1i|508, St. Louis, MO 63178, U„S.A.

6 Nunc, Roskilde, Denmark

7 Sterilin Ltd., b3-U5 Broad Street, Teddington, TW11 8QZ, England

8 Co start; 205 Broadway, Cambridge, Mass., U.S.A.

9 Becton-Dickinson Ltd., York House, Empire Way, Wembley, Middlesex,
England

10 Decon Laboratories Ltd., Ellen Street, Portslade, Brighton, BN1+ 1Q
England

11 Millipore Corporation, Bedford, Mass. 01730, U.S.Ao

12 BHH Chemicals Ltd., Baird Road, Enfield, Middlesex, EN1 1SH, England

13 MSE Scientific Instruments, Manor Royal, Crawley, Sussex, England

1i| Pharmacia Pine Chemicals AB, Uppsala, Sweden

15 Roccal Antiseptics, Winthrop Laboratories, Surrey, England

16 Cytospin Centrifuge Shandon Southern Products Ltd., 93-96 Chadwick
Road, Astmoor Industrial Estate, Runcorn, Cheshire, England

17 Wellcome Reagents Ltd., 303 Hither Green Lane, London SE13 6TL,
England

18 Amersham International Ltd., White Lion Road, Amersham, Bucks.,
England

19 Plow Laboratories Ltd., Po0. Box 17, Second Avenue Industrial
Estate, Irvine, KA12 8NB, Scotland

20 Nuclear Enterprises Ltd., Sighthill, Edinburgh, Scotland

21 Luckham Ltd., Victoria Gardens, Burgess Hill, Sussex
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22 Hoechst U.K. Ltd., Hoechst House, Salisbury Road, Hounslow,
Middlesex, England

23 Roussel Uclaf, division agro-veterinaire, 163 Avenue Gambetta-75050,

2k Hawksley and Sons Ltd., 10 Harrowden Road, Breckmills, Northamp¬
ton, England

25 Coulter Electronics Ltd., Northwell Drive, Luton, Beds., LU3 3RH,
England

26 Miles Laboratories Ltd., Research Products Division, Stock Court,
Stoke Poges, Slough, SL2 l+LV, England

27 Tissue Culture Service Ltd., 10 Henry Road, Slough, England

28 Ernst Leitz, D-6330j Wetzlar, W. Germany

29 Difco Laboratories, Box 1058-A, Detroit, Michigan, U.S.A.

30 Sera Laboratories Ltd., Crawley Down, Sussex, England

31 Leuko-Pak, Penwal Laboratories, Morton Grove III, U.S.Ao

32 Grav-ateom Industries, Gosport, Hampshire, England

Grind the Giemsa powder with some of the glycerol in a pestle
and mortar. Wash with the rest of the glycerol into conical flask;

Cool to room temperature, add the methanol and mix well. Stir on

a magnetic stirrer overnight. Add Azur II and again stir overnight.
Filter through a fluted Whatman's No. I). filter paper and store in
dark bottles.

APPENDIX II

Preparation of Giemsa stock solution
10 g Merck's Giemsa powder

5U0 ml glycerol (Analar)
82+0 ml solvent methanol (Analar)

2.76 g Merck's Azur II powder

heat to 60°C in a water bath for one hour, shaking intermittently.

APPENDIX III

Preparation of Alsever's solution

D-glucose (dextrose) 2.05 g
0.8 g
0.2+2 g
0.0
100 ml

Sodium citrate
Sodium chloride
Citric acid
Distilled water

Autoclave at 15 Ib/sq in. for "]$ minutes and store at 2j°C.



AppendixTable1Separationofmononuclearcellsfrombovineperipheralbloodcollectedintothree anticoagulant3

Totalwhitebloodcellcounts
SOmloriginalSeparatedCells bloodFicoll-PaqueNH,CIlysis 87̂7

x10x10x10
1*6

ACD

l*-7

5.6

8.1+

EDTA

i;.8

h'9

8.1

Heparin

l*-9

1+.6

6.1+

111;

ACD

3-1+

1*.1

5-8

EDTA

3.9

h-9

5-9

Heparin

I4.O

h-9

5.1+

1*6

ACD

1+.1

h-2

6.7

EDTA

l*-3

5-1

6.8

Heparin

h'9

S-h

6.1;

111;

ACD

3.7

3.6

1+.6

EDTA

3-9

3.6

h-3

Heparin

U.2

3.9

h-7

ExperimentCow..., No.No.Anticoagulant



AppendixTable2Differentialcountsofleucocytesisolatedfrombovineperipheralbloodcollectedintothreeanticoagulants Experiments1andII Cow No.

Anticoagulant
Separation method

% lymphocytes

% Monocytes

% Neutrophils

% Eosinophils

% Basophils

HBC/100 Leucocytes
Platelets/100 Leucocytes

1*6

ACD

Picoll-Paque

90.5

7-5

2.0

12.0

5.0

NH^Cllysis

79.5

10.0

11.5

1.0

-

3.0

12.0

EDTA

Picoll-Paque

92.0

7-5

-

-

13.5

6.0

NH^Cllysis

79.0

7.0

13.0

1.0

-

1.0

114.5

Heparin

Ficoll-Paque

86.5

11.5

2.0

-

-

19-5

26.0

NH^Cllysis

76.0

7-5

8.0

-

-

15.0

16.5

111

ACD

Ficoll-Paque

92.0

5.5

2.5

10.5

6.0

NH^Cllysis

82.5

7.5

9.0

0.5

2.0

7-0

EDTA

Piooll-Paque

92.0

7-0

1.0

-

-

7.0

2.5

NH^Cllysis

79.0

8.5

12.0

0.5

-

2.0

8.5

Heparin

Picoll-Paque

89.0

8.5

2.5

-

-

16.0

9-5

NH^Cllysis

75.5

8.5

ll*-5

2.0

0.5

1.5

26.5

Datapresentedasmeancfthetwoexperiments



AppendixTable3SeparationofmononuclearcellsfromEDTA-treatedordefibrinatedblood Totalwhitebloodcellcounts

Experiment No.

Cow No.

Methodof anticoagulation
50mloriginal blood x108

SeparatedCells
Picoll-PaqueNH.C1lysis x107x107

I

46

EDTA

4-9

k-9

7.6

Defibrination

3.1

2.8

3-9

111+

EDTA

1+.6

4.2

5-7

Defibrination

2.8

3-4

4-3

II

1+6

EDTA

1+-7

' 5-3

5-9

Defibrination

2.5

k>7

3.6

111+

EDTA

l+.o

1+.1

5.9

Defibrination

4-2

2.8

4.5



AppendixTableLDifferentialcountsofleucocytesisolatedfromEDTA-treatedordefibrinatedbovineperipheralblood ExperimentsIandII Cow

Anticoagulation
Separation

%

%

%

%

%

RBC/100

Platelets/100

No.

method

method

lymphocytes
Monocytes
Neutrophils

Eosinophils
Basophils

Leucocytes
Leucocytes

1*6

EHTA

Ficoll-Paque

90.0

9.0

1.0

1.0

-

23.0

12.0

NH^Cllysis

83.5

7-5

9.0

-

-

3-0

11.5

Defibrination
Ficoll-Paque

95-0

5.0

-

-

-

7.5

-

NH^Cllysis

91.5

7.0

2.0

-

-

0.5

-

111*

EDTA

Ficoll-Paque

89-5

8.5

2.0

-

-

21.0

10.5

NH^Cllysis

8o.5

7.5

11.0

1.0

2.5

11*.o

Defibrination
Ficoll-Paque

96.0

3-5

0.5

-

6.5

-

NH^Cllysis

92.5

6.0

1.5

-

-

3-0

-

Datapresentedasmeanofthetwoexperiments
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Appendix Table 5

3
Con A Stimulation and ^H-TcLR Incorporation by FBL, E-RFC-Enriched

and E-RFC-Depleted Populations

Cell Cone
f.

Con A ERFC— ERFC—
Dose Enriched S.I. Depleted S.I. FBI S.I.

x10 /ml M-g/ml *MCFM *MCFM

0 1,065 1 583 1 91+3 1

2.5 20,806 19.5 hi,133 81.8 38,595 1+0.9
0.5 5 314,089 32.0 61,329 105.0 1+0,660 1+3.1

10 6,921 6.0 19,317 33-1 15,51+5 16.5
20 1,116 1.0 10,097 17.3 6,178 6.6

0 1,686 1 91+2 1 979 1

2.5 99,61+7 59.0 102,163 108.0 76,958 78.0
1.0 5 77,879 1+6.0 135,203 11+3.0 90,527 92.5

10 12,125 7.0 21+,156 25.6 12,889 13.1
20 2,960 2.0 9,936 10.5 5,275 5.1+

0 1,626 1 558 1 839 1

2.5 89,065 55.0 153,012 271+.0 11+1,737 169.0
2.0 5 163,923 101.0 216,876 389.0 181,116 216.0

10 2l+,88o 15.0 183,71+6 329.0 16,1+51+ 20.0

20 3,325 2.0 9,157 16.0 3,31+1+ 1+.0

0 2,1+26 1 1,659 1 2,777 1

2.5 235,059 97-0 313,601+ 189.0 303,991 109.0

i+.o 5 182,689 75.0 325,961 196.0 296,01+8 107.0

10 89,268 37-0 181,163 109.0 12l+, 699 1+5.0
20 12,530 5.0 19,985 12.0 11+,291 5-0

*MCPM = Mean counts per minute of three replicates



AppendixTable6ResponseofbovineFBLtoFHAstimulation (a)Mean±S.D.ofthreecountsperminuteof%-TdRincorporation Cellconc.FHAconcentration(pg/ml) x10/ml

0

1.0

10.0

25.0

50.0

100.0

200.0

1+00.0

1000.0

0.5

92.0 ±

1*23-0 ±

22,505.0 ±

1*,208.7 ±

30,691*.0

53,021.0 ±

72,1*30.0 ±

35,097.0 ±

17,736.0 i:

70.8

305-9

2,760.1*

122.5

1,696.1

10,858.6

1,91*7.8

820.0

3,707.5

1.0

592.0 ±

1*,508.0
±

56,752.0 ±

15,921*.8 ±

120,566.0 ±

77,286.3 ±

11+3,083.0 ±

80,865.0 ±

92,872.7

1*3.1

91*8.0

81+1.1

196.7

6,631.5

11,237.7

981*.3

1,573.0

7,81+7.9

2.0

1*,799.0
±

6,535-3
±

83,982.5 ±

81,872.0 ±

111,817.7 ±

368,083.1* ±
271*,983.3 ±
321+,1+12.1+ ±
156,1*1+7.1+ ±

1,333-0

625.5

706.0

181.8

9,251.0

12,71*1*.5

3,511*.2

27,857-0

7,155.6

i+.o

21+,U67.0
±

28,582.3
±

88,358.0 ±

61+,520.0 ±

111,180.7 ±

239,320.0 ±

157,181*.7 ±

256,260.0 ±

157,330.0 ±

5,297-0

9,621.1

1,721.5

15,216.5

3,955.0

1*1*.1

2,387.5

1+51*.0

9,111.6

(b)StimulationIndices 0.5

1.0

1*.6

21+1+.6

1*5.8

333.6

576.3

793-3

381.5

192.8

1.0

1.0

7.6

95.6

26.9

203.7

130.6

21*.7

136.6

156.9

2.0

1.0

1.1*

17.5

17.1

23.3

76.7

57.3

67.6

32.6

l+.o

1.0

1.2

3.6

2.6

l*-5

9.8

6.1+

10.5

6.1+



AppendixTable7
ResponseofbovineEBLtoConAstimulation

(a)Mean-S.D.
ofthreecounts

"3

perminuteof-^H-TdRincorporation
Cellconc.

ConAconcentration(g/ml)

x106/ml

0

2.5

5-0

10.0

20.0

0.5

10,088.3 ±

280,7148.7 ±

212,1472.7 ±

12,351.0 ±

1,9114.3 ±

1,909.6

23,7214.0

7,525.6

2,9146.7

752.1

1.0

20,14-97.7 ±

366,7614.3

303,^58.7

29,519.3 ±

14,608.0 ±

5,699.0

35,961.7

25,908.3

6,932.2

729.2

2.0

25,155.0 ±

1415,039.0 ±

1411,3146.7 ±

251,550.0 ±

114,320.7 ±

892.9

37,6142.1

23,202.8

11,198.14

1,385.2

I4.0

32,209.0

381,5014.3 ±

M7,768.3 ±

153,839.7 ±

23,008.0 ±

922.8

13,913.9

12,098.7

25,373.0

2,263.8

(b)StimulationIndices 0.5

1.0

27.6

21.1

1.2

0.2

1.0

1.0

17.9

II4.8

1.14

2.2

2.0

1.0

16.5

16.14

10.0

0.6

I4.O

1.0

11.8

13.0

I4.8

0.7



AppendixTable8AssayofTcellgrowthfactor(TCGF)activityinconditionedmedium(CM),from ConA-stimulatedbovinePELcultures,usingbovineConAblastsastargetcells
3

H-TdRincorporation

TargetblastsMediumaddedCEM
*Mean±S.D.

Day6,
washed

bovine
ConAblasts

Freshgrowthmedium(control)
19,343.3±2,11+8.0

Day6,
washed

bovine
ConAblasts

24hEBLCM(control)

18,351.3±2,033.2

Day6,
washed

bovine
ConAblasts

MouseTCGF(control)

20,768.8±1+73.1

Day6,
washed

bovine
ConAblasts

10pg/mlConA(control)

116,058.0±822.5

Day6,
washed

bovine
ConAblasts

21+hConA-stimulatedPBLCM
234,053.3±3,329.6

Day6,
washed

bovine
ConAblasts

HumanTCGF:1/1+control

111,107.8±3,795.4

Day6,
washed

bovine
ConAblasts

HumanTCGF:1/8control

93,852.3*4,376.9

Day6,
washed

bovine
ConAblasts

HumanTCGF:1/16control

58,532.8±2,380.7

Day6,
washed

bovine
ConAblasts

HumanTCGF:1/32control

35,826.4*2,739.1

CPM=Countsperminute
*Mean*S.D.offourreplicates



AppendixTable9AssayofTCGFactivityinCM,fromConA-stimulatedbovineEBLcultures,usinghuman. ConAblastsastargetcells

3

H-TdRincorporation

TargetblastsMediumaddedOEM
*Mean±S0D.

bay6,
washed

human

ConAblasts

Freshgrowthmedium(control)
191.0±
75-1

Day6,
washed

human

ConAblasts

2khPBLCM(control)

273.5±
30.8

bay6,
washed

human

ConAblasts

MouseTCGF(control)

196.0±
62.7

Day6,
washed

human

ConAblasts

10(ag/mlConA(control)

if,068.3±
727.8

bay6,
washed

human

ConAblasts

2khConA-stimulatedFBLCM
11,5214.8t
1,876.0

bay6,
washed

human

ConAblasts

2khConA-stimulatedEBLCM+a-MM
5,595.0t
957.7

bay6,
washed

human

ConAblasts

HumanTCGF:I/I4

13,920.5±
81+1.5

Day6,
washed

human

ConAblasts

HumanTCGF:1/8

7,698.5±
93U.9

Day6,
washed

human

ConAblasts

HumanTCGF:1/16

if,189.3±
375.7

bay6,
washed

human

ConAblasts

HumanTCGF:1/32

1,536.5t
236.1

a-MM=a-methyl-D-mannoside *Mean-S.D.offourreplicates
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Appendix Table 10

^H-TdR incorporation by infected (test) and uninfected (control)
cultures of PBL from a susceptible control and immune calves one

week "before re-challenge

Source of Sporozoite incubation
PBL medium

*Mean CPM - S.D.
Test cultures Control cultures

151+
(immune)

155
(immune)

1+6
(suscept¬
ible

control)

MEM/3.£% BPA

151+ Preinfection serum

151+ Pre-rechallenge serum

155 Preinfection serum

155 Pre-rechallenge serum

159 Preinfection serum

159 Bay 1l+ challenge
infection serum

MEM/3.5% BPA

155 Preinfection serum

155 Pre-rechallenge serum

151+ Preinfection serum

151+ Pre-rechallenge serum

159 Preinfection serum

159 Bay 11+ challenge
infection serum

5851+. 0*1321.7

1+295.3*28.7
5871.3*1170.0
5690.3*579.2

10212.7*11+06.1

2862.0*313.0
201*1.3*291+. 3

39360.7*6858.3
1+5727.7*16692.8
£1+591-7*6825.1+
35081.7*169!+.!+
52775-3*51+1+2.0
1+3593.0*17138.1+
25089.0*3077.9

MEM/3.5% BPA

151+ Preinfection serum

151+ Pre-rechallenge serum

155 Preinfection serum

155 Pre-rechallenge serum

159 Preinfection serum

159 Bay 11+ challenge
infection serum

6902.7*369.3
7071.3*2537.1
831+2.0*1+92.9
2972.0*20.7
393l+.0±303.6
2997.0*21+1.6
£61+.0*9l+.l+

1+21.0*60. £
31+0.9*81.7
19£.7*33.6
178.3*31.1
280.6±£6.7
1+77.0±6£.1
707.8*££.£

362.7*21.7
1+88.0*38.2
1+9 3-6*1+6.1
£09.0*26.6
292.0*38.1+
617.0*29.9

1200.1**1+1.0

1£8£. 0*11*9.0
1216.0*121.2

1098.0±28£.2
26£.0±33.6

1023.0*76.2
278.0*37.0
106.3*20.3

CPM = Counts per minute

*Mean - S.B. of three replicates
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Appendix Table 11

H-TdR incorporation by infected (test) and uninfected (control)
cultures of PBL from a susceptible control and immune calves one

week after re-challenge

151;
(immune)

Source of Sporozoite incubation *Mean CPM - S.D„
PBL medium Test cultures Control cultures

MEM/3.5% BPA 5689.0*261;. 0

151; Preinfection serum 1+31(1+.0*256.7

151+ Pre-rechallenge serum 3353*0*89.1

151+ Post-rechallenge serum 3032.0*27-5

159 Day 11; challenge 1215-0*106.2
infection serum

59.0^11.8

50.0*1;. 7

58.0*7.0

69-1*11.5

63.0±7.5

155
(immune)

MEM/3.5% BPA 1832I+. 0*1+76.5

155 Preinfection serum 19061.0*783.0

155 Pre-rechallenge serum 15732.0*1531.2

155 Post-challenge serum 13119.0*307-0

159 I&y 11; challenge 3901.0*126.0
infection serum

715.8*13.1

238.3*26.2

1109.7*33.8

302.2*32.7

210.9*31.2

1+6
(suscept¬
ible

control)

MEM/3.5% BPA 2873-0*123.0 70.9*9.7

151+ Preinfection serum 2889-0*126.0 661 .0*1;. 6

151+ Pre-rechallenge serum 2128.0*196.3 1+7.0*1;. 6

151; Post-rechallenge serum 31+75.3*73.2 1;5 • 0*1.5

155 Preinfection serum 5018.7*203.7 51.0*8.9

155 Pre-rechallenge serum 6386.0*635.7 1+3.0*5.3

155 Post-rechallenge serum 6012.0*21+2.0 39.0*1;.!+

159 Iky 11; challenge U39.0*15.1 52.3*1+.6
infection serum

CPM = Counts per minute

*Mean - S.D. of three replicates
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Appendix Table 12

-^H-TcLR incorporation by infected (test) and -uninfected (control)
cultures of EBL from a susceptible control and immune calves two

weeks after re-challenge

Source of Sporozoite incubation *Mean CEM - S.D.
EBL medium Test cultures Control cultures

151+
(immune)

MEM/3.5% BEA 25976.3^6^7.14

151+ Ereinfection serum 20373 • 0*81|.2.9

151+ Ere-rechallenge serum 11.8061.0*5602.8

151+ Eost-rechallenge serum 50962.3*6172.0

159 Bay 11+ challenge 250l+l+.7*2060.0
infection serum

15123.7*756.2

16980.0*756.1+

137014.0*296.6

16112.7*78.3

158088.3*850.0

155
(immune)

MEM/3-5% BEA 17127.7±10l47.l+

155 Ereinfection serum 1681+9 - 3^3335-7

155 Ere-rechallenge serum 2291+5* 3*662.6

155 Eost-rechallenge serum 31+275*7*378.0

159 Bay II4 challenge 11738.0*321.5
infection serum

3155.0*267.6

14710.3*710.0

5702.0*375.6

5233.0*1+76.1

6732.3*31+3.0

1+6
(suscept¬
ible

control)

MEM/3.5% BEA 2337.3*1+5.2 1422.7*58.6

151+ Ereinfection serum 770.7*56.2 258.7*8.5

151+ Ere-rechallenge serum 1598.3*70.0 258.0*12.3

151+ Eost-rechallenge serum 812.7*86.1^ 217.0*89.3

155 Ereinfection serum 21+53.3*121.1 203.3*1+8.2

155 Ere-rechallenge serum 2587.7*1+06.5 31+5-0*1+0.9

155 Eost-rechallenge serum 1730.3*1+7.9 159.0*10.6

159 Bay II4 challenge
infection serum

596.3*57.8 156.9*32.3

CEM = Counts per minute

*Mean - S.B. of three replicates
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Appendix Table 13
n

H-TcLR incorporation by infected (test) and uninfected (control)
cultures of PBL from a susceptible control and immune calves three

weeks after re-challenge

Source of Sporozoite incubation *Mean OEM - S.D.
PBL medium Test cultures Control cultures

15U
(immune)

MEM/3•5% BPA 17538.7±698.5

1 52* Preinfection serum 13753-7*2366.1

152* Pre-rechallenge serum 1002*9.0*162.0

154 Post-rechallenge serum 5768.3*806.8

159 Bay 14 challenge 4979 - 3±436 - 9
infection serum

529.0±139.7

2299-7*1546

1183.7*81.2*

1399-7*82.6

873-6*941

155
(immune)

MEM/3.5% BPA 16050.3*2+141

155 Preinfection serum 6959-3-856.6

155 Pre-rechallenge serum 12721.0*597-7

155 Post-rechallenge serum 14804• 7^-1190.5

159 Bay 14 challenge
infection serum

100940*393-2+

1123.0*73.7

687-0*2+0.2+

1001.6*138.1

1088.6*55-7

1398.0*271.4

2*6
(suscept¬
ible

control)

MEM/3.5% BPA

152* Preinfection serum

152* Pre-rechallenge serum

152* Post-rechallenge serum

155 Preinfection serum

155 Pre-rechallenge serum

155 Post-rechallenge serum

159 Bay 12+ challenge
infection serum

6554 7*901.8

8337-7±1356.5

5267.7^027.5

2223.7*174 5

3794.3*420.7

2300.7*22*3.2

1161.0*170.9

1082*. 7*92*. 2

307.7*55.9

261.0*21.5

272.0*2*3.7

22*2*.0*2*9.0

262*. 0*32*. 0

352.7*32.6

196.3*2*4-1

12*9.0*23.6

CPM = Counts per minute
*Mean * S„B. of three replicates
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Appendix Table 11+

^H-TcLR incorporation by infected (test) and uninfected (control)
cultures of PBL from a susceptible control and immune calves four

weeks after re-challenge

Source of Sporozoite incubation
PBL medium

*Mean CM - S.D.
Test cultures Control cultures

15b
(immune)

MEM/3.5% BPA 238!*8.3±3535.6

1Sb Preinfection serum 28655.3-6189.2

151+ Pre-rechallenge serum 21*14.90.0*3693.0

151* Post-rechallenge serum 21*952.0*1002.5

159 Bay 11+ challenge
infection serum

12231*. 0*31*5.5

2710.0*307.7

2703.3^09.5

1869.5±11+5.1+

927.6*75.6

1176.3*195.8

155
(immune)

MM/3-9/o BPA 28033.0*1*8.5

155 Preinfection serum 17775*0*276.2

155 Pre-rechallenge serum 29228.3*3716.1*

155 Post-rechallenge serum 15712.0*11.3

159 Bay 1l+ challenge
infection serum

7266.7*202.2

1177•9±86.9

719.6*35.0

1099.8*109.1

327.0*62.0

576-7±77-5

1*6
(suscept¬
ible

control)

MEM/3•5% BPA 18778.0*1889.0

151+ Preinfection serum 101+59*7-828.8

151* Pre-rechallenge serum 8790.3-623.5

151* Post-rechallenge serum 8109.3-1*69.0

155 Preinfection serum 12391.3*859.2

155 Pre-rechallenge serum 11213.0*865.9

155 Post-rechallenge serum 11276.0*820.0

159 Bay 11* challenge
infection serum

51*96.7*1179.3

381.7*88.1

171*.0*53.7

309.7*131.2

275-8*53.3

11*1*.9*15.0

171*.1*61*.5

120.3*36.9

139.2*23.9

CPM = Counts per minutes

*Mean * S.B. of three replicates
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Appendix Table 19a

Lymphocyte transformation indices of cultured PBL from a susceptible

control and immune calves one week before rechallenge

Source of ebl Sporozoite incubation medium *Transformation index

151*
(immune) 191+

mlm/3.9% bpa
Preinfection serum

78.9

89.7
191+ Pre-rechallenge serum 1000.0

155 Preinfection serum 398.8
155 Pre-rechallenge serum 638.6
159 Preinfection serum 50.0
159 Day 1l+ challenge infection

serum

223.0

155
(immune) 195

MEM/3*5% BPA
Preinfection serum

939.0
1+20.2

195 Pre-rechallenge serum 899.2

19U Preinfection serum 1+12.6
15U Pre-rechallenge serum 1807.0

199 Preinfection serum 918.2

199 Day 11+ challenge infection
serum

980.6

1+6
(susceptible
control) 191+

19U

MEM/3.9/o BPA

Preinfection serum

Pre-rechallenge serum

22.0

30.9
100.0

199 Preinfection serum 62.2

199 Pre-rechallenge serum 29.3
199 Preinfection serum 70.6

199 Day 12+ challenge infection
serum

196.3

, Stimulation index
^Transformation Index =

Meajl Ho. of lnfected cells/l000 x 100



AppendixTable15bLymphocytetransformationindicesofculturedEBLfromasusceptiblecontrolandimmune calvesafterrechallenge

"^TransformationIndex

SourceofEBLSporozoiteincubationmediumWeekafterrechallengewhenEBLwereisolatedandinfected 123k
15k

mem/3.5%bea

258.1+

21.3

72.2

11.0

(immune)

151+Ereinfectionserum
289.7

16.1+

11.0

11+.1

15kEre-rechallengeserum
309.1

61.1+

77.3

21.8

15UEost-rechallengeserum
337.7

160.0

51.3

57.6

159bay11+challengeinfection
321.7

21+2.9

78.1

52.8

serum

155

mem/3.5%bfa

69.8

67.5

25.0

1+3.5

(immune)

155Ereinfectionserum
218.0

57-1

19.9

56.5

155Ere-rechallengeserum
125.1

57.1

32.6

80.6

155Fost-rechallengeserum
21+6.6

162.5

86.6

228.6

159Bay1l+challengeinfection
276.1

566.7

135.8

75.1+

serum

k6

mem/3.5%bfa

81.0

38.5

1+9.9

68.6

(susceptible

15kEreinfectionserum

72.8

21.9

53.2

79.8

control)

15UFre-rechallengeserum
116.2

56.1+

51.1

51.9

15kEost-rechallengeserum
227.1

14+.6

1+1.9

78.0

155Ereinfectionserum
165.9

81+.7

28.6

122.1

155Fre-rechallengeserum
337.5

52.1+

18.1

102.7

155Eost-rechallengeserum
1+16.8

90.8

16.1+

201.3

159Bay114.challengeinfection
120.0

88.1+

182.5

116.2

serum ^TransformationIndexStimulationindextranslocationindex-MeanWo.ofinfectedcells/1000X100
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Appendix Table 16

(a) Experimental chemotherapy of T. annulata (Ankara) with compound
993C.

Total Died Survived

Treated 6 1 5 6 0.001**

Control 6 5 16

12

(b) Experimental chemotherapy of T. annulata with halofuginone
Total Died Survived

Treated 5 1 b 5 0.001**
Control S k 15

10

(c) Experimental chemotherapy of T. parva (Muguga) with halofuginone
Total Died Survived

Treated U 0 b b 0.01*
Control b 2 2 b

6 8

Data were analysed using Fisher's "Exact Test".

*P < 0.010

**P < 0.001


