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EXECUTIVE SUMMARY 

Aims of the Project 

Developmental: To generate data which will lead to an effective vaccine against heartwater, one 

ofthe three major diseases of domestic ruminants in sub-Saharan Africa. 

Scientific: To identifY genes ofthe heartwater agent, Cowdria ruminantium, which may be used 

as components of a recombinant vaccine. 

Indigenous Research Strengthening: To strengthen the immunological capabilities of the 

Onderstepoort Veterinary Institute (OVI) in the field of cell-mediated immunity. 

Progress in the year under review 

Scientific: A paper has been accepted for publication in 'Infection and Immuni~' and the full MS 

is appended at the end of this report. The results may be summarised as follows: only C. 

ruminantium proteins with low molecular masses of 11, 12, 14 to 17 and 19 to 23 kDa induced 

proliferative responses by lymphocytes from cattle immunized with C. ruminantium. These 

proteins also induced lymphocytes, from immunized cattle to produce interferon-gamma in vitro. 

IFN-O is known to play an important role in immunity to heartwater, which suggests that the 

C. ruminantium proteins that induce both this cytokine and lymphocyte proliferation are likely to 

be valuable as candidate vaccine antigens. We are investigating strategies for identifying the genes 

coding for these proteins. Ms. H. Macmillan visited Dr. w.e. Brown's lab in Washinton State 

University where she gained further experience in macrophage and dendritic cell cultures and 

cytotoxic assays. Ms. Thea Molad from the KVI visited Prof G. Palmer laboratory inPu1lman, at 

the Washington State University, where she gained experience in handling plasmid vectors for 
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proteins derived from Anaplasma, another rickettsial organism causing anaplasmosis in cattle. Dr. 

W.C. Brown also kindly provided OVI with five competitor plasmids and all the relevant reagents 

are now in place at the OVI for RT -PCR. Collaboration between partners has contributed to the 

establishment of an effective immunological team, experienced in cell-mediated immunology, at the 

OVI. 

SECTION I 

A) RESEARCH OBJECTIVES: 

Cattle immunized against heartwater by infection or with inactivated organisms produce C. 

ruminantium-specific, IFN-y producing CD4+ T lymphocytes (Mwangi et al. 1998, Infect. Immun. 

66:1855-1860; Totte et al. 1997, Infect. Immun. 65:236-241). Interferon-gamma, a cytokine 

associated with a Type 1 immune response has also been shown to be associated with immunity to 

heartwater. This cytokine is a very potent inhibitor of C. ruminantium growth in endothelial cells, 

in vitro (Totte et al. 1996, Vet. Immunol. Immunopathol. 53:61-71) and T lymphocytes from 

immune cattle produce IFN-y in the presence of totallysates of C. ruminantium (Totte et al. 

1997). From the current state of knowledge described above, it is clear that any rational attempt to 

develop a recombinant vaccine should therefore focus on components ofthe parasite that can elicit 

the appropriate immune response. In the past year we have confirmed the ability oflow molecular 

mass fractions of C. ruminantium, between 11 and 23 kDa, to induce lymphocyte proliferation. 

Our next objective was to determine whether these fractions induced lymphocytes from immunized 

cattle to produce IFN-y. 

B) RESEARCH ACCOMPLISHMENTS: 

Scientific: A paper submitted to 'Infection and Immunity' during 1998 was provisionally 

accepted subject to additional control experiments being conducted. These controls were 
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completed during the first quarter of 1999. In addition, the parallel study with six cattle 

immunized with inactivated C. ruminantium was also included in the paper. The paper has 

subsequently been resubmitted and accepted for publication. Briefly, the control experiments 

included the following: 1) fractionation of uninfected BSV cell Iysates by continuous flow 

electrophoresis (CFE) on 7% and 15% polyacrylamide gels. 2) proliferative assays with 

fractionated uninfected or C. ruminantium infected BSV cell lysates and peripheral blood 

mononuclear cells (PBMC) from cattle immunized by infection and treatment or inactivated 

organisms. 3) a mean SI baseline (SIneg) for the CFE factions prepared from uninfected BSV 

cultures was determined for each animal. This baseline was used to determine whether there was a 

statistically significant difference between the SI obtained from each CFE fraction prepared from 

C. ruminantium infected BSV cultures and the SIneg• When protein fractions that induce antigen 

specific PBMC proliferation were compared between the immunized cattle, proteins with 

approximate molecular masses of 11, 12, 14 to 17 and 19 to 23 kDa were found to be common. 

These protein fractions may have potential as vaccine antigens. 

The next step would was to determine which fractions were able to stimulate interferon

gamma (IFN-y) production in addition to a proliferative response. To determine which CFE 

fractions induced IFN-y production supernatants were collected from proliferation assays of 

PBMC and T-cell lines with CFE fractions. The levels of IFN-y in these supernatants were 

determined using the BOVIGAMTM ELISA (CSL, Ltd., Australia). PBMC and T cell lines used in 

the assays were from two cattle (B809 and B821) immunized with inactivated C. ruminantium and 

two cattle (B9191 and B1359) immunized by infection and treatment. The T-cell lines, from 

animal B9191 were depleted of yo T-cells by complement mediated lysis. These T-cell lines, 

predominantly CD4+ lymphocytes, were used in the assays with CFE fractions. Results of 

proliferation assays are presented as stimulation index (SI). SI = mean counts per minute (cpm) of 
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test sample divided by mean cpm of unstimulated control (PBMC or T -cells line). Results ofIFN-y 

ELISA are presented as IFN-y production index (IPI). IPI = mean absorbance at 450 nm 

(Abs450nm) of test sample divided by mean Abs450nm of unstimulated control (pBMC or T -cells line). 

Index's greater than twice unstimulated control were considered positive. It was observed that the 

CFE fractions that were able to induce lymphocyte pro liferation correlated with those that induced 

IFN-y production (Fig. 1; Fig. 2; Fig 3 & Fig 4; Table 1). This correlation was detected with both 

PBMC and the T -cell lines assayed with animals immunized either by infection and treatment or 

with inactivated organisms. Some individual fractions however showed good proliferation inducing 

ability but failed to induce IFN-y production. Partially purified C. ruminantium organisms also 

induced PBMC and T cell lines to produce IFN-y whereas uninfected cultures did not, with few 

exceptions (Table 2). Since IFN-y may play an important role in protective immunity to 

heartwater, C. ruminantium proteins that induce both this cytokine and lymphocyte proliferation 

will be further investigated as candidate vaccine antigens. Further studies will be conducted to 

characterize C. ruminantium proteins, of molecular mass 11, 12, 14 to 17 and 19 to 23 kDa. 
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Fig. 1. Proliferative responses and IFN-y production ofPBMC from B809 after stimulation with 
C. ruminantium infected BSV celllysates fractionated by CFE. C. ruminantium infected BSV cell 
lysates were electrophoresed on either a) 7% or b) 15% polyacrylamide gels. Proteins were eluted 
from the gels and collected as 2,5 m1 fractions, precipitated with acetone and resuspended inPBS. 
Fractions were pooled six per sample and assayed in triplicate wells for PBMC proliferation (Solid 
line; SI) and IFN-y production (Hashed line; IPI). Supernatants were collected on day 5 of the 
proliferation assays for determination ofIFN-y production. 
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Fig. 2. Proliferative responses and IFN-y production ofPBMC from B821 after stimulation with 
C. ruminantium infected BSV celllysates fractionated by CFE. C. ruminantium infected BSV cell 
lysates were electrophoresed on either a) 7% or b) 15% polyacrylamide gels. Proteins were eluted 
from the gels and collected as 2,5 ml fractions, precipitated with acetone and resuspended in PBS. 
Fractions were pooled six per sample and assayed in triplicate wells for PBMC proliferation (Solid 
line; SI) and IFN-y production (Hashed line; IPI). Supernatants were collected on day 5 of the 
proliferation assays for determination ofIFN-y production. 
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Fig. 3. Proliferative responses and IFN-y production ofPBMC from B9191 after stimulation with 
C. ruminantium infected (a) and (b) uninfected BSV cell lysates fractionated by CFE. C. 
ruminantium infected and uninfected BSV cell lysates were electrophoresed on 15% 
polyacrylamide gels. Proteins were eluted from the gels and collected as 2,5 rn1 fractions, 
precipitated with acetone and resuspended in PBS. Fractions were pooled either six (a) or two (b) 
per sample and assayed in triplicate wells for PBMC proliferation (Solid line; SI) and IFN-y 
production (Hashed line; IPI). Supernatants were collected on day 5 of the proliferation assays for 
determination ofIFN-y production. 
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Fig. 4. Proliferative responses and IFN-y production ofa T-cell line fromB9191 after stimulation 
with C. ruminantium infected BSV celllysates fractionated by CFE. C. ruminantium infected BSV 
celllysates were electrophoresed on a 15% polyacrylamide gel. Proteins were eluted from the gels 
and collected as 2,5 ml fractions, precipitated with acetone and resuspended in PBS. The T-cell 
line was depleted of y3 T -cells by complement mediated cell lysis before the assays with CFE 
fractions. Fractions were pooled six per sample and assayed in triplicate wells for T-cell line 
proliferation (Solid line; SI) and IFN-y production (Hashed line; IPI). Supernatants were collected 
on day 5 of the proliferation assays for determination ofIFN-y production. 
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TABLE 1. Summary oflFN-y production by PBMC and T -cell lines from two cattle 
immunized with inactivated C. ruminantium (BS21 & BS09) and two immunized by infection 
and treatment (B1359 & B9191) to C. ruminantium infected BSV celllysates fractionated by 

15% CFE. 
Fractio IPI for animal: kDa 

nno B821 B809 B1359 B9191 B9191a 

1 1.1 1.4 0.9 1.3 1.2 11 
7 4.4 5.3 1.2 1.6 3.8 11 
13 12.4 6.2 1.9 2.7 1.9 11 
19 10.5 7.9 3.2 1.8 1.4 11-12 
25 9.8 11.4 3.0 4.5 2.3 13 
31 13.7 10.5 2.1 1.4 3.6 14-16 
37 14.8 9.6 4.8 3.5 1.7 16-17 
43 5.4 4.8 1.5 1.2 3.4 18 
49 1.7 3.6 1.3 2.6 5.0 19-21 
55 2.1 5.1 1.0 0.9 4.0 22-23 
61 2.6 1.1 1.0 1.4 2.4 23 
67 2.4 1.1 1.7 1.4 1.3 24-25 
73 1.2 0.3 0.9 2.1 1.7 26 
79 0.8 0.3 1.5 1.2 0.9 27 
85 1.9 1.2 1.1 0.9 2.2 28 
91 1.3 0.8 0.8 1.7 1.5 29 
97 1.1 0.7 1.0 1.1 1.8 29 
103 1.1 1.2 1.5 1.6 0.8 29-30 
109 2.6 0.7 4.6 1.1 2.4 30 
115 2.7 0.6 1.1 1.4 1.8 31 
121 2.6 1.8 3.7 1.5 2.2 31 
127 2.3 0.9 0.7 1.8 1.0 32~33 

133 0.9 0.7 1.5 1.3 3.2 33~34 

139 1.2 1.0 2.7 1.6 2.2 34 
145 0.8 0.7 1.5 1.2 1.1 35 
151 1.3 0.9 6.9 2.3 1.7 35~36 

157 0.8 0.7 1.2 0.9 1.5 36-37 
163 1.0 0.7 0.9 1.7 1.8 37-38 
169 0.5 0.5 4.7 0.9 0.7 38 
175 0.7 0.6 1.0 1.3 0.9 38 

aT ~cellline after y8 T-cell depletion. 
Boldface numbers: IPI greater than twice background production 
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TABLE 2. IFN-y production by PBMC and T-cell lines, from two cattle immunized with 
inactivated C. ruminantium (B821 & B809) and two immunized by infection and treatment 
(B1359 & B9191), after stimulation with C. ruminantium infected and uninfected BSV cell 
lysates. 

Animal Sample 
no 

B821 PBMC 
T-cell line 

B809 PBMC 
T-cell line 

B1359 PBMC 
T -cell line a 

T -celllineb 

B9191 PBMC 
T -cell line a 

T -celllineb 

SBefore y8 T-cell depletion 
b After y8 T-cell depletion 

IPI 
Uninfected C. ruminantium 

endothelial cells infected 
endothelial cells 

2.4 5.4 
1.0 13.8 
2.4 3.7 
1.2 2 
2.8 3.9 
0.8 2.2 
0.6 2.8 
1.1 2.9 
1.1 15.9 
0.3 5.5 

Boldface numbers: IPI greater than twice background production 

C) SCIENTIFIC IMPACT OF COLLABORATION: 

IL-2 

5.0 
13.1 
4.5 
2 

7.7 
7.5 
6.4 
12.3 
9.9 
1.5 

Research Strengthening: Each of the two young immunologists employed for training under this 

project, Nico Gunter and Henriette Macmillan, are now well integrated into the Immunology 

Department of the Institute. Under the supervision ofMirinda van Kleefthere is now at the OVI 

an effective immunological team experienced in the vital area of cell-mediated immunology. 

Ms. T. Molad from KVI spent a month in Prof G. Palmer laboratory, where she gained experience 

in molecular biolology techniques for research on rickettsial pathogens of cattle. The training 

supported by this program will greatly contribute to the KVI laboratory by introducing novel 

approaches and molecular biology methodology for research on tick borne diseases in general, 

and in particular on anaplasmosis, another devastating rickettsial disease of cattle. 
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D) DESCRIPTION OF PROJECT IMPACT: 

The primary scientific goal is to identify individual Cowdria ruminantium proteins (or the genes 

coding for them) which may be used as components of a recombinant vaccine and further progress 

towards this goal has been made during 1999. Previously we reported the identification of 

Cowdria protein fractions which induced proliferation oflymphocytes from animals immunized by 

infection and treatment and from animals immunized with inactivated Cowdria. We have now 

confirmed these results, with added controls, and extended these findings to the identification of 

those fractions that induced IFN-A production in addition to proliferation. We are thus now able 

to focus on a narrow range of proteins that may be useful as vaccine candidates. The next stage 

would be to identify individual proteins from these fractions, and to locate the genes coding for 

them. 

E) STRENGTHENING OF DEVELOPING COUNTRY INSTITUTIONS: 

The need for cell mediated immunity expertise at the Onderstepoort Veterinary Institute, in order 

to facilitate our heartwater research, was the goal ofthe 'Institutional Strengthening' portion of 

this project. This goal has been effectively achieved. The financial support from the project was a 

major contributor to a decision, made in 1995, to establish a Division ofImmunology. The two 

young scientists employed for training, as described in the Executive Summary above, returned 

during 1997 after completion of their training. Under the leadership ofMirinda van Kleefthe 

Institute now has an effective cellular immunology team. 
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F)FUTURE WORK 

When Dr. Varda Shlmp (PI from Israel) and Dr. Wendy Brown (co-PI from the USA) visited the 

OVI it was agreed that additional studies should focus on further characterization ofthe identified 

C. ruminantium proteins, of molecular mass 11, 12, 14 to 17 and 19 to 23 kDa. We need to 

identifY the specific proteins responsible for the observed lymphocyte responses. SDS-PAGE 

separated proteins of the indicated molecular masses will each be further fractionated by isoelectric 

focusing into their respective pI points. These will be tested in proliferation and IFN-y production 

assays and cytokine profile determinations. Proteins of interest will be partially sequenced, 

oligonucleotide probes designed and genomic libraries screened in search oftheir encoding genes. 

SECTION II 

A) MANAGERIAL ISSUES 

B) BUDGET 

Will be submitted separately under Management report. 

C) SPECIAL CONCERNS 
There are no special concerns changes. 

D) COLLABORATION, TRAVEL, TRAINING AND PUBLICATIONS 
The collaboration, travel and training components ofthe project during the year consisted of 

a visit to Onderstepoort ofthe PI from Israel, Dr. Varda Shkap, and the co-PI from the USA, Dr. 

Wendy Brown. Their visit occupied a week in October, during which time the progress of the 

project was thoroughly reviewed and plans for the remainder of the project were drawn up. 

Ms. H. Macmillan visited Dr. Wendy Brown's lab during September and October 1999. The 

initial aim of this visit was to gain experience in starting T-cell clones from lymph nodes that are 
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removed from immunized animals. These animals were immunized with the N-terminal portion of 

RAP-I (Babesia bovis). Before the lymph nodes could be pulled it was important to show that the 

cattle had sero-converted. Western blotting experiments indicated that the cattle had not sero-

converted and it was decided to immunize the animals again. Thus the cattle were not ready for 

lymph node experiments during her visit. Valuable information and experience was however 

gained on macrophage isolation, culturing and use in a Griess assay to measure the production of 

nitric oxide. In addition techniques were mastered to isolate dendritic cells from blood. Ms. H. 

Macmillan also met with Dr. T.e. McGuire (a cytotoxic T-cell expert) and made contact with 

people in his lab working with cytotoxic T-cell assays. Valuable information was gained on the 

possibility of doing cytotoxic T-cell assays in our own lab. Dr. w.e. Brown also kindly provided 

OVI with IFN-y; IL-2; IL-4; IL-I0 and 13-actin competitor plasmids which were grown up and 

tested at the OVI. All the relevant reagents are now in place at the OVI for RT -peR. Ms. Thea 

Molad from KVI visited Prof. G. Palmers laboratory at WSU where she gained experience in 

cloning of one of the genes of A. marginale, taxonomically related to Cowdia ruminantuim 

rickettsial pathogen of cattle. Specifically, she was trained in cloning and expression of two regions 

of one of the genes encoding the major surface proteins (MSP-2) of Anaplasma. 

PUBLICATION: 

Van Kleef, M., N.J. Gunter, H. Macmillan, B.A. Allsopp, V. Shkap, and W.e. Brown. 2000. 

Identification of Cowdria ruminantium antigens that stimulate proliferation oflymphocytes from 

cattle immunized by infection and treatment or with inactivated organisms. Infection and 

Immunity. 68:603-614. 

E) REQUEST FOR US EMBASSY ASSISTANCE 
We have no new requests to make at this time. 
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ABSTRACT 

Cowdria ruminantium is an obligate intracellular pathogen that causes heartwater in 

ruminants. Several findings suggest that T cells play an important role in protection against the 

disease. In order to identifY which proteins are involved in T cell immunity, C. ruminantium 

proteins were fractionated by continuous flow electrophoresis and tested for their ability to 

stimulate lymphocyte proliferation in vitro. C. ruminantium infected endothelial celllysates were 

fractionated between 11-38 kDa and 50-168 kDa on 15% and 7% acrylamide gels respectively. In 

an attempt to simulate the natural infective process peripheral blood mononuclear cells were 

obtained from two cattle rendered immune by infection and treatment and assayed in proliferation 

assays with fractionated proteins. In a parallel study four cattle were immunized with inactivated 

C. ruminantium to determine whether their lymphocytes also responded to fractionated proteins. 

Proliferation assays after immunization by infection and treatment detected no C. ruminantium 

specific proliferation in vitro after one vaccination. Proliferation was however observed between 

one to four weeks after challenge. This was followed by a period of no detectable response after 

which the response reappeared. PBMC from animals immunized with inactivated organisms 

proliferated specifically in response to antigen soon after the first immunization. Only C. 

ruminantium proteins with low molecular masses of 11, 12, 14 to 17 and 19 to 23 kDa induced 

proliferative responses by lymphocytes from all six animals. These protein fractions may have 

potential as vaccine antigens. 
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INTRODUCTION 

Heartwater is caused by the rickettsia Cowdria ruminantium (7). The pathogen is 

transmitted exclusively by ticks ofthe genus Amblyomma to wild and domestic ruminants in sub

Saharan Africa and the Caribbean (31). Heartwater is also a threat to livestock on the American 

mainland where potential vectors are present but where the disease is currently absent (1). 

Cowdriosis is controlled primarily through immunization by infection with virulent blood and 

subsequent treatment with antibiotics to prevent a serious course of the disease (40, 38, 39). This 

procedure has obvious drawbacks, including the possibility of unwanted transmission of other 

pathogens and its unsuitability for use in countries where potential vectors are present, but which 

do not harbour the disease (30). There is thus a real need for an improved vaccine. 

Studies have demonstrated that animals can be protectively immunized with culture

attenuated (18) or inactivated organisms (26, 23), suggesting that the development ofa subunit 

vaccine may be feasible. Vaccination with culture-attenuated organisms nevertheless has 

disadvantages in that cross-protection against different isolates is not complete. It would therefore 

be necessary to attenuate several strains to cover the entire antigenic repertoire. In addition, only 

certain strains can be attenuated by in vitro passage, which limits the use of this method in 

vaccination (18). On the other hand, immunization with inactivated C. ruminantium in adjuvant 

could allow many different strains to be incorporated into a vaccine. 

It has been shown that peripheral blood mononuclear cells (PBMC) from animals rendered 

resistant to challenge by vaccination with inactivated organisms contain C. ruminantium-specmc, 

MHC class II-restricted, IFN-y-producing, CD4+ T lymphocytes (36). Short tenn CD4+ T cell lines 

generated using C. ruminantium lysates respond strongly to whole lysates but not to the 

recombinant 32 kDa (major antigenic protein 1, MAPl) or the 21 kDa (MAP2) proteins (35). 

When these cell lines were stimulated with soluble C. ruminantium proteins fractionated by fast 
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performance liquid chromatography (FPLC), a single peak of proliferation was observed which 

included proteins between 20 and 32 kDa (37). Flow cytometric analysis ofPBMC showed no 

significant change in the immune cell population after vaccination and boosting with inactivated 

organisms. Nevertheless significant changes occurred after challenge, including an initial 

progressive depletion of CD4+, CD8+ and yo T cell subsets and a rise in numbers of monocytes 

together with strong activation. This was followed by an increase in CD8+ T lymphocytes (25). 

This later finding is in accordance with previous studies in a murine model which led the authors to 

suggest that CD8+T cells playa major role in immunity to heartwater (10, 11, 12). 

Recently Mwangi and co workers (28) demonstrated that cattle immunized against 

heartwater by infection and treatment generated T cell responses specific for two immunodominant 

recombinant antigens of e. ruminantium, namely MAP 1 and MAP2. Proliferation ofPBMC was 

also elicited in vitro by either autologous infected endothelial cells or infected monocytes, but not 

elementary bodies. The endothelial cells required pre-treatment with T cell growth factors to 

induce class II MHC expression prior to infection and their subsequent use as stimulators of 

PBMC. These proliferative responses were characterized by a mixture ofCD4+, CD8+ and yo T 

cells and strong expression ofIFN-y, TNF-a., TNF-~ and lL-2 (27). 

In another approach, a naked DNA vaccine containing the mapl gene ofe. ruminantium 

was shown to be able to protect between 23-88% ofimmunized mice (29). The best characterized 

proteins ofe. ruminantium are the abovementioned MAP 1 (19,33) and MAP2 (24) proteins, as 

well as the GroEL heat shock protein (22), the genes of which have been cloned (42, 4,24,22). 

No studies to date have reported on additional antigens being involved in stimulating protective 

immunity. For the development of a subunit vaccine it may nonetheless be important to identify 

additional e. ruminantium proteins which stimulate T lymphocytes and in turn, relate these to 

protective responses. Protective malarial parasite proteins have been identified by vaccination trials 
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with fractions obtained by continuous flow electrophoresis (CFE) of Plasmodium chabaudi adami 

shizont proteins (21). Since T cells are required for protective immunity in malaria (15,3) this 

finding suggested that potentially protective T cell antigens could be identified by this technique. 

Using a similar procedure, Brown and co-workers (5; 6; 34) have successfully identified several 

antigens of Babesia bovis merozoites that stimulated proliferation ofT -cell lines and clones. To 

identifY the proteins involved in recall T cell responses in immune cattle, C ruminantium was 

therefore fractionated by CFE and each fraction was tested for its ability to stimulate lymphocyte 

proliferation in vitro. In an attempt to simulate the natural infective process, the PBMC used in 

this study were obtained from animals rendered immune by infection and treatment. In a parallel 

study four cattle were immunized with inactivated C ruminantium to determine whether their 

PBMC recognise similar proteins in proliferation assays. 

MATERIALS AND METHODS 

In vitro cultivation of C. ruminantium. The Welgevonden isolate ofC ruminantium was 

cultured either in bovine saphenic vein (BSV) endothelial cells (prepared from B9191) or a calf 

endothelial cell line (Es), as described previously (2). The Welgevonden isolate was chosen 

because the pathological patterns caused by this isolate resemble those caused by the Ball3 isolate 

presently used in the live vaccine (32). Additionally, unlike the Ball3 isolate, the Welgevonden 

isolate is pathogenic to mice, permitting viability tests to be determined in these animals. The 

Welgevonden isolate elicits total immunity against more isolates than the Ball3 isolate (13). 

Preparation of crude C. ruminantium infected or uninfected BSV cell culture Iysates. 

Crude extracts of Welgevonden isolate infected or uninfected cell cultures were prepared as 

descnbed previously (33). Briefly, uninfected or infected (harvested when maximally infected with 

organisms) BSV celllysates were centrifuged for 30 min at 10,000 x g. The resulting pellet was 
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suspended in PBS (pBS: 0,14 M NaCI; 1 mM KH2P04; 8 mM Na2ffi>04.12HzO and 3 mM KCl, 

pH 7,4). The lysates were stored at -20°C and used for fractionation of antigens by CFE. 

Preparation of semi-pure inactivated C. ruminantium Iysates from cell cultures. Semi

pure inactivated organisms were prepared as described previously (36). Differential centrifugation 

was done with either maximally infected Es or BSV cell cultures by centrifuging firstly at 1000 x g 

for 10 min. The resultant supernatant was centrifuged at 30,000 x g for 30 min. The pellet was 

resuspended in PBS containing sodium benzyl penicillin (0,12 mg/rnl) and streptomycin sulphate 

(0,198 mg/rnl). The suspension was subjected to five freeze-thaw cycles performed with liquid 

nitrogen and stored at -20°C. In order to confinn that the preparation contained inactivated C. 

ruminantium mice were inoculated intravenously with 0,2 rnl per mouse of the same lysate. The 

inactivated C. ruminantium lysate prepared from infected Es cell cultures was used for 

immunization of cattle and the inactivated C. ruminantium lysate prepared from infected BSV cell 

cultures was used as antigen in proliferation assays. 

Semi-pure C. ruminantium Iysates were prepared from BSV cell cultures by 

differential centrifugation, immunoaffinity chromatography and Percoll density gradient 

centrifugation. Differential centrifugation (DC) was done with maximally infected BSV cell 

cultures as described above. 

Positive selection immunoaffinity chromatography (PSIAC) was performed with purified 

goat anti-MAP1 IgG (41) coupled to CNBr-activated Sepharose 6MB (Pharmacia). A crude C. 

ruminantium infected BSV cell culture lysate was applied to the column and after a 30 min 

incubation period the unbound material was washed off with PBS. The bound organisms were 

desorbed with 3 M KSCN, 50 mM Tris, 0,02% NaN3, pH 9. The desorbed organisms were 

centrifuged at 30,000 x g for 30 min, suspended in PBS and stored at -20°C (4). 

Percoll density gradient centrifugation (PDGC) was performed with C. ruminantium 
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infected BSV cell cuhures by centrifuging at 1,500 x g for 30 min and the resulting supernatant at 

30,000 x g for 30 min. The organisms were suspended in 1 ml PBS and loaded onto a step 

gradient of 0-10-20-30-40 % Percoll (pharmacia) prepared in PBS. The gradients were 

centrifuged at 400 x g for 30 min and the purified organisms harvested from the 0% layer, washed 

twice in PBS at 30,000 x g for 30 min. The resultant pellet was resuspended in PBS and stored at 

-20°C (23). These semi-pure preparations were used as antigen in proliferation assays. 

Protein determination. Protein concentrations were determined by the Bio-Rad protein 

micro assay (Hercules, California) using bovine serum albumin as a standard. 

Experimental cattle. All animals were initially seronegative to C. ruminantium, Babesia 

bovis and Theileria mutans as determined by indirect fluorescent antibody assays and Anaplasma 

as determined by competition inhibition enzyme-linked immuno assay. Immunization by infection 

and treatment: AnimalsB9191 (Fresian) andB1359 (Nguni) were inoculated intravenously with 5 

ml of a Welgevonden isolate infective sheep blood stabilate. The animals were monitored daily and 

treated on the third day of a rising febrile reaction by intramuscular injection with long-acting 

oxytetracycline (Liquamycin LA, Pfizer) at a dosage rate of 20 mg/kg body weight. The animals 

were challenged with the same batch of homologous stabilate at the following intervals: B9191 at 

one month and three years; and B1359 at six months and eight months after immunization. The 

animals were monitored daily for temperature. As a positive control to verifY the viability and 

virulence ofthe stabilate mice were inoculated intravenously with 0,2 ml per mouse ofthe same 

stabilate. Post mortem examinations were done on the mice to determine the cause of death. The 

presence C. ruminantium in the mice was confirmed by immunohistochemical identification ofthe 

organism in formalin-fixed tissue sections (17). 

Immunizations with inactivated C. ruminantium: Four Nguni cattle (B809; B821; B1351 

and B775) were injected with 15 Jlg/ml inactivated C. ruminantium in Montanide ISA50 adjuvant 
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(SEPPIC). One animal (B816) received only adjuvant as control. The animals were injected twice 

at an interval between 14 and 16 weeks. 

Fractionation of crude C. ruminantium infected and uninfected BSV celllysates by 

CFE. CFE of crude C. ruminantium infected or uninfected BSV celllysates was perfonned with a 

Prep-Cell Apparatus (Bio-Rad) as described previously (5) with the following modifications. 

Approximately 10 mg of protein was solubilized in SDS-PAGE sample buffer, boiled and 

electrophoresed under reducing conditions on 28-mm (internal diameter) cylindrical gels consisting 

of either 7% or 15% acrylamide. Fractions of2.5 ml were eluted and collected over the course of 

15 hr (7% acrylamide gel; 180 fractions) or 7.5 hr (15% acrylamide gels; 175 fractions). The 

fractions were stored at -70°C. The fractions were precipitated by adding 8 times the volume of 

ice-cold acetone, incubated at -20°C for 16 hr and centrifuged at 10,000 x g for 10 min. The 

acetone was aspirated, the precipitates resuspended in 70% cold ethanol and centrifuged at 10,000 

x g for 30 min. After the ethanol was aspirated the pellets were air dried, suspended in PBS 

containing antibiotics and stored at -70°C. To examine the potential toxicity ofthe fractions on T

cell proliferation the effect of a randomly selected fraction, at concentrations ranging from 3-24% 

(v/v), on either IL-2 or Concanavalin A induced PBMC proliferation was tested. 
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SDS-PAGE analysis of fractionated C. ruminantium antigens. A volume of20 ,.d of 

every tenth precipitated fraction was analyzed by SDS-PAGE. A mini-gel system with acrylamide 

gels of either 7% (7% Prep-Cell fractions) or 12% (15% Prep-Cell fractions) were used. Protein 

bands were visualized by silver staining. 

Lymphocyte proliferation assays. Proliferation assays were carried out in duplicate or 

triplicate wells ofhalf-area flat bottom 96 well plates (Costar) at 37°C in a humidified atmosphere 

containing 5% CO2 for five days (three days with Concanavalin A) as described previously (5). 

Each well (total volume 100 JlI) contained complete RP:MI -1640 medium responder cells added at 

a final concentration of 4 x 106 PBMC/ml and various indicated concentrations of C. ruminantium 

infected or uninfected BSV cell antigens (0.03 - 10 Jlg antigenlml). Fractionated antigens were 

included at final concentrations of 5% (v/v). Proliferation was determined by measuring the 

incorporation of 1 JlCi of [methyl-3H]thymidine added during the final 18 hr of the assay. The cells 

were harvested, and the radioactivity was counted in a scintillation counter. Results are presented 

as a stimulation index (SI) ± standard deviation (SD). SI = mean counts per minute (cpm) oftest 

sample/mean cpm of unstimulated control. The unstimulated control was PBMC in medium. 

Unless otherwise stated a SI ~ 2 was considered to be an indication of antigen specific 

proliferation. The one tailed Student t test was used to determine the levels of significance between 

the uninfected and infected BSV cell CFE fractions. 

RESULTS 

Proliferative responses elicited by different rickettsial preparations. Different C. 

ruminantium preparations were tested for their ability to elicit an optimum proliferative response 

in the PBMC obtained from a naIve animal; two immune animals (B9191 & B1359) and three 

animals immunized with inactivated organisms (B821; B775 & B1351). C. ruminantium was 
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partially purified from BSV cells by: 1) differential centrifugation (DC); 2) positive selection 

immunoaffinity chromatography (PSIAC) and 3) Percoll density gradient centrifugation (pDGC). 

All these antigen preparations were assayed with PBMC in triplicate wells on the same day. The 

highest proliferative response was obtained with antigen prepared by differential centrifugation 

followed by PSIAC and PDGC (Table 1). Differential centrifugation was therefore subsequently 

routinely used to purify C. ruminantium. When differentially centrifuged uninfected BSV cell 

lysates were used as antigen in proliferation assays with PBMC from immunized animals, 

proliferation was consistently observed to be lower than that obtained with the infected 

preparations (Table 1). However, higher proliferation values were obtained with PBMC from 

cattle immunized with inactivated organisms and assayed with differentially centrifuged tminfected 

BSV celilysates. This may be due to the presence of endothelial cell debris in the differentially 

centrifuged preparations used for immunizing these cattle. When differentially centrifuged 

uninfected BSV celilysates were used as antigen in proliferation assays with PBMC from nine 

naive cattle, no proliferation was detected (SI ::; 1,7; results not shown). These results showed that 

uninfected BSV cell antigen did not induce alloreactive responses in PBMC from unrelated 

immunized or naive cattle. 

Proliferative responses during the course ofimmunization. Following immunization by 

infection and treatment, both cattle (B9191 & B1359) were found to be immune to challenge as 

determined by the lack of a febrile response and symptoms ofthe disease. All mice injected with 

this live blood stabilate used for cattle challenge died. The symptoms before death, time interval to 

death (± 12 days) and the post mortem findings all indicated that the mice were infected with C. 

ruminantium. In addition the presence of C. ruminantium in tissue sections of the mice was 

confirmed histopathologically. These findings indicated that the stabilate was indeed virulent. 

Proliferative responses during the course of immunization are illustrated in Fig. L PBMC tested 
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prior to immunization or challenge did not respond to C. ruminantium antigens when tested at a 

range of protein concentrations varying from 0.03 - 10 /!g/ml. In contrast, PBMC from both 

immune animals responded specifically to C. ruminantium antigens after challenge. The 

proliferative response peaked at 1 Jlg/ml (results not shown). Antigen concentrations ;;:: 2.5 Jlg/ml 

inhibited both Concanavalin A and IL-2 induced responses (results not shown). After challenging 

B9191 for the second time, C. ruminantium specific lymphocyte proliferation peaked four weeks 

after challenge (mean cpm 31,764 ± 8,702; 164 weeks after immunization) but was not measurable 

two weeks later (Fig. 1 a). By comparison, proliferation assays with PBMC from B 1359 indicated 

an antigen-specific response one week after the first challenge (mean cpm 52,099 ± 3,899; 28 

weeks after immunization) and three weeks after the second challenge (mean cpm 48,626 ± 4,992; 

41 weeks after immunization) and was not measurable a week later (Fig. 1 b). When PBMC from 

these cattle were assayed again one to two years later they showed antigen specific proliferation 

with SI;;:: 5.5. The duration of the PBMC response is not known. 

Following immunization of cattle with inactivated organisms, PBMC from B809, B821, 

B1351 and B775 continued to proliferate antigen specifically (Fig. 2). PBMC collected from the 

control animal B816 did not proliferate to C. ruminantium antigen before or after immunization 

with adjuvant alone (mean SI < 2; Fig. 2). 

Fractionation of C. ruminantium infected and uninfected BSV proteins by CFE and 

the proliferative responses they stimulate. In an attempt to identifY which of the C. 

ruminantium proteins were responsible for the T cell responses described above, Welgevonden 

infected and uninfected BSV cell culture lysates were fractionated under reducing conditions by 

CFE. Welgevonden infected BSV cell culture proteins were fractionated between 50-168 kDa on a 

7% gel and between 11-38 kDa on a 15% gel (Fig. 3). In a similar profile BSV cell culture 

proteins were fractionated between 50-123 kDa on a 7% gel and between 11-34 kDa on a 15% gel 
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(results not shown). There were artefacts caused by silverstaining at approximately 66 kDa on 

both the 7% and 15% gels. The other protein bands at fraction 150 on the 7% gel and fractions 5; 

15; 25; 35; 65 and 75 on the 15% gel may be due to breakdown products. A total of700 fractions 

were collected and prepared for lymphocyte proliferation assays by acetone precipitation. A 

randomly chosen Prep-Cell fraction (with molecular mass of approximately 100 kDa), when tested 

at concentrations of3-24% (v/v) did not inhibit a Concanavalin A induced proliferative response 

(results not shown). Based on these findings together with previous results (5) a final 

concentration of 5% (v/v) was selected for testing with C. ruminantium immune PBMC. 

Day to day variations were observed in proliferative responses obtained with PBMC from 

each animal. To address this variation unstimulated PBMC controls were assayed within the same 

assay plates on the same day and used to determine the SL The SI for PBMC proliferation induced 

by CFE fractions prepared either from infected or uninfected cultures were determined for each 

animal. A mean SI baseline (SIneg) for CFE fractions prepared from uninfected BSV cultures was 

then determined for each animal. The one tailed Student t test was used to determine whether 

there was a statistically significant difference between the SI obtained from each CFE fraction 

prepared from infected BSV cell cultures and the SIneg. 

Pro liferative responses ofPBMC from animal B9191 induced by CFE fractions: Fractions 

from C. ruminantium infected and uninfected BSV cells were assayed with PBMC collected from 

animalB9191 at week 291 after immunization. The SIneg was determined to be 1 ± 0.1 and 2 ± 0.1 

for the 7% and 15% polyacrylamide CFE fractions respectively. An examination of the fractions 

derived from the CFE using a 7% polyacrylamide gel, revealed that those inducing C. ruminantium 

specific proliferation were localized to the first 24 fractions. These had a molecular mass of ~ 74 

kDa. In addition, a further three discrete pools of higher molecular mass proteins also induced 

proliferation (50 to 67; 81 to 111; 115 to 140 and 151 to 162 kDa; Fig. 4a). When a similar 
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preparation was fractionated on a 15% polyacrylamide gel to resolve the low molecular mass 

proteins, the stimulatory fractions ranged from 11 to 38 kDa (Fig 4b). Due to the high SIneg of2 

obtained for the 15% CFE a SI ~ 4 was considered as antigen specific for this preparation. Ten 

groups of fractions had SI ~ 4. The molecular masses in these groups ranged from 11 to 24 and 

26 to 38 kDa. 

Proliferative responses ofPBMC from animal B1359 induced by CFE fractions: Fractions 

from C. ruminantium infected BSV cells were assayed with cryopreserved PBMC collected 41 

weeks after immunizing B1359. In a similar way, lymphocytes from this animal responded 

specifically to C. ruminantium fractions with relatively low molecular masses of approximately 11 

to 23 and 26 to 27 kDa (Fig. 5b). In addition only one pool of high molecular mass proteins of 

approximately 85 to 90 kDa also induced lymphocyte proliferation (Fig. 5a). In contrast the SIneg 

was determined to be 0.4 ± 0.1 and 0.7 ± 0.2 for the 7% and 15% CFE fractions respectively. The 

low SIneg values obtained indicated that no alloreactive responses were induced by the BSV cells in 

CFE fractions. 

A comparison of the results obtained with both animals showed that stimulatory regions of 

11 to 23 and 26 to 27 kDa were commonly recognized by lymphocytes from both immune cattle. 

Proliferative responses of PBMC from animals B809; B821; B775; B1351 and B816 

induced by CFE fractions: Fractions from C. ruminantium infected BSV cells were assayed with 

PBMC collected one week before, and between 18 and 25 weeks after immunizations commenced. 

Fractions from control uninfected BSV cells were assayed with PBMC collected between 41 and 

57 weeks after immunizations commenced. The proliferative responses ofPBMC from ox B809 

induced by CFE fractions are represented in Fig. 6 to illustrate the type of responses obtained. The 

proliferative responses ofPBMC from animals B821; B1351; B775 and B816 induced by CFE 

fractions of C. ruminantium infected BSV cells are summarized in Table 2. No antigen specific 
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proliferation was detected with PBMC from naive animals (before immunization with inactivated 

organisms) and mean SI ~ 2 were obtained (B809: Fig. 6; results ofremaining cattle not shown). 

A SIneg < 1.0 was observed for all cattle, except the control animal, when PBMC were tested with 

7% and 15% CFE fractions from uninfected endothelial cells (B809: Fig. 6; results of remaining 

cattle not shown). The low SIneg values obtained indicated that no alloreactive responses were 

induced by the BSV cells in CFE fractions. PBMC from cattle immunized with inactivated 

organisms responded specifically and significantly to antigen fractions containing the following 

proteins of indicated molecular masses, B809: 11 to 31; 60 to 80; 85 to 134 and 145 to 148 kDa; 

B821: 11 to 26 and 60 to 74kDa;B1351: 11 to 38 and 55 to 167 kDa and B775: 11 to 38kDa; 

55 to 152 and 157 to 167 kDa (Fig. 6 & Table 2). The SIneg for the control animal B816 was 

determined to be 3.6 ± 0.9 and 4 ± 0.5 for the 7% and 15% CFE fractions respectively. The high 

SIneg of 4 obtained was taken into consideration and a SI ;::: 8 was considered as antigen specific for 

this preparation. The high SI values obtained for this control animal (immunized with adjuvant 

alone) may have been as a result of an adjuvant effect. However, six groups of fractions were 

identified which induced significant proliferation and corresponded to the following molecular 

masses: 13; 18; 26; 27; 29 and 30 kDa (Table 2). 

When protein fractions that induce PBMC proliferation were compared between animals 

immunized by infection and treatment or with inactivated C. ruminantium, proteins with molecular 

masses of approximately 11; 12; 14 to 17 and 19 to 23 kDa were found to be common to both sets 

of animals. 
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DISCUSSION 

This is the first report of fractionation of C. ruminantium proteins by CFE, as well as the 

identification and characterization of the molecular masses of antigens that induce proliferation of 

PBMC obtained from cattle rendered immune by infection and treatment or immunized with 

inactivated organisms. The high resolution afforded by CFE allowed relatively fine discrimination 

of the immunostimulatory proteins. Seven outbred cattle were used in this study, resulting in the 

identification of a common region (11 to 23 kDa) that induced proliferation of their PBMC. 

Proteins with molecular masses of 20 to 23 kDa identified in our assays fall within a range of 

proteins (fractionated by FPLC) that had previously been identified to induce proliferation, of aT 

cell line derived from cattle immunized with killed C. ruminantium (37). It is interesting to note 

that fractions containing molecular weights of the major immunodominant proteins of C. 

ruminantium, of approximately 21 kDa(MAP2) (24); 27 kDa(33) and 32 kDa (MAPl) (19; 33), 

stimulated PBMC proliferation in our assays. Similar T cell responses were also recently observed 

for recombinant forms of the 21 kDa(MAP2) and the 32 kDa(MAPl) proteins (28). The 32 kDa 

(MAPl) protein has also been implicated in protection in an immunization trial in mice (29). Our 

results confirm previous reports (37) that low molecular mass proteins :s; 32 kDa may be important 

in stimulating the cellular immune response since they predominated in our stimulatory fractions. 

The results presented here were obtained by studies undertaken with PBMC. As the 

animals B9191 and B1359 were immunized with live C. ruminantium, both replicating and 

circulating organisms should thus be present in these animals. In addition the organism has been 

shown to occur in various cell types including macro phages, monocytes, Kupfer cells, reticulum 

cells of the lymph nodes, fibroblasts and connective tissues as well as cells ofthe spleen, brain, 

pancreas and the heart (7, 8, 9, 16). Therefore the immune responses may be taking place locally 

(eg. in the lymph nodes and/or spleen) during the periods when no detectable proliferative 
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responses were obtained with circulating peripheral lymphocytes. On the other hand animals that 

have been immunized with inactivated C. ruminantium always had responsive circulating 

lymphocytes present in the blood (36). Gale and co-workers (14) observed a highly variable 

PBMC proliferative response in cattle immune to A. marginaie, but sensitised T -cells were readily 

detected in their spleens. It has been suggested that sensitized T -cells home into lymphoid tissue 

from the circulation via the expression of specific cell-surface molecules. Therefore a study of the 

responses in other immune compartments such as the lymph nodes or the spleen may give a more 

defined picture of the immune response to C. ruminantium during these periods. Furthermore 

antigen specific proliferation was later detected in PBMC from our cattle and this may be 

explained by the return of such lymphocytes into circulation. Mwangi and co workers (27) 

similarly failed to detect a proliferative response before challenge, with PBMC collected from 

animals rendered immune by infection and treatment. Proliferation was only detected when 

autologous endothelial cells were pretreated with T cell growth factors prior to infection with live 

organisms, fixed and then used as stimulators. Their results suggest that antigen processing and 

presentation by infected endothelial cells or monocytes may be essential for the induction of 

specific T cell responses during infection. This may be an alternative explanation for the periods 

during which no proliferation was observed in our assays. 

An important consideration in vaccine design is whether a single parasite antigen will elicit 

the appropriate protective humoral and cell-mediated responses, or whether these responses will 

need to be activated by many distinct antigens (21). Further studies should therefore not only 

investigate common proteins recognised by memory T cells from genetically different cattle, but 

also characterize epitopes conserved between iso lates. Different cross protection patterns (20, 13) 

and antigenic diversity between isolates (33, 20) indicate the potential for polymorphism of 

proteins and T and B cell epitopes. The Welgevonden isolate was used in this study since it 
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induces cross protective immunity against more isolates than any other and is also highly virulent 

(13). Comparative studies performed with isolates against which the Welgevonden isolate is not 

cross protective may identify additional proteins of immunological importance. Infection and 

treatment resembles natural infection, but the dose administered is likely to be higher than that 

acquired in the field. Nevertheless, in this study identification of proteins by PBMC from cattle 

immunized in this way led to the identification of candidate vaccine antigens. 

In summary, our results indicate that, as with Plasmodium chabaudi adami and Babesia 

bovis, fractionation of organisms by CFE provides a way to identify potential vaccine antigens of 

C. ruminantium. The use of sensitised primary polyclonallymphocytes permits rapid and simple 

screening ofCFE fractions for the proteins that stimulate specific immune responses (43). In this 

way C. ruminantium proteins with molecular masses of 11; 12; 14 to 17; 19 to 23 kDa were 

identified, with the potential to playa role in protection and will be further characterised. 
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FIGURE LEGENDS 

FIG. 1. Proliferative responses ofPBMC fromB9191 (a) and B1359 (b) at various intervals after 

immunization by infection and treatment. The PBMC were cultured for six days with differentially 

centrifuged lysates of e. ruminantium infected BSV cells at a concentration of 1 Jlg/rnl in either 

duplicate or triplicate wells. The mean cpm for the PBMC controls were: 2,065 ± 2,194 (B9191) 

and 3,943 ± 3,090 (B 1359). The arrow (~) indicates the time of challenge. Results are presented 

asSI±SD. 

FIG. 2. Proliferative responses ofPBMC from B809; B821; B816; B1351 and B775 at various 

intervals after immunizing with inactivated e. ruminantium. The PBMC were cultured for six days 

with differentially centrifuged lysates ofe. ruminantium infected BSV cells at a concentration of 

1 Jlg/rnl in either duplicate or triplicate wells. The mean cpm for the PBMC controls were: 15,707 

± 18,666 (B816); 4,120 ± 6,930 (B809); 2,529 ± 2,710 (B821); 8,948 ± 11,612 (B1351) and 

6,724 ± 6,063 (B775). The arrow (~) indicates the time of boo sting. Results are presented as SI ± 

SD. 

FIG. 3. SDS-PAGE and silver staining analysis of e. ruminantium infected BSV celllysates 

fractionated by CFE. Crude e. ruminantium infected BSV celllysates were fractionated by CFE 

on either 7% (a) or 15% (b) acrylamide gels. The fractions were precipitated with acetone and 

resuspended in 500 JlI PBS. A volume of20 JlI of every 10th precipitated fraction was subjected to 

analytical SDS-P AGE (7% acrylamide for the 7% CFE fractions and 12% acrylamide for the 15% 

CFE fractions) and visualized on the silver stained gels. The relative mobilities of the low 

molecular mass standards (lane L) and high molecular mass standards (lane H) are indicated on the 

left of each panel in kilodaltons. 
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FIG. 4. Proliferative response ofPBMC from animal B9191 to C. ruminantium infected and 

uninfected BSV celllysates fractionated by CFE. C. ruminantium infected or unIDfected BSV cells 

were electrophoresed on either 7% (a) or 15% (b) acrylamide gels. Proteins were eluted from the 

gels and collected as 2,5-ml fractions, precipitated with acetone and resuspended in PBS. Open 

circles: Fractions from control uninfected BSV celllysates were pooled six per sample and assayed 

in triplicate wells for stimulation ofPBMC collected 291 weeks after immunization. Closed circles: 

Fractions from infected BSV celllysates were pooled two per sample and assayed in triplicate 

wells for stimulation ofPBMC collected 291 weeks after immunization. The mean cpm for the 

PBMC controls were 1,378 ± 361. The results are presented as SI. (* = P::::; 0.05; # = p::::; 0.1). 

The approximate molecular masses (kDa) of the fractions inducing C. ruminantium specific 

proliferation are shown above the charts. 

FIG. 5. Proliferative response ofPBMC from B1359 to C. ruminantium infected and uninfected 

BSV celllysates fractionated by CFE. C. ruminantium infected and uninfected BSV celllysates 

were electrophoresed on either 7% (a) or 15% (b) acrylamide gels. Proteins were eluted from the 

gels and collected as 2,5-ml fractions, precipitated with acetone and resuspended in PBS. Open 

circles: Fractions from control uninfected BSV celllysates were pooled six per sample and assayed 

in triplicate wells for stimulation ofPBMC collected 111 weeks after immunization. Closed circles: 

Fractions from C. ruminantium infected BSV celllysates were pooled six per sample and assayed 

in triplicate wells for stimulation ofPBMC collected 41 weeks after immunization. The mean cpm 

for the PBMC controls were 2,434 ± 2,134. The results are presented as SI. (* = P ::::; 0.05; # = P::::; 

0.1). The approximate molecular masses (kDa) of the fractions inducing C. ruminantium specific 

proliferation are shown above the charts. 
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FIG. 6. Proliferative response ofPBMC from B809 to C. ruminantium infected and uninfected 

BSV cell lysates fractionated by CFE. C. ruminantium infected or uninfected BSV celllysates 

were electrophoresed on either 7% (a) or 15% (b) acrylamide gels. Proteins were eluted from the 

gels and collected as 2,5-ml fractions, precipitated with acetone and resuspended in PBS. Closed 

squares: Fractions from infected BSV cell lysates were pooled six per sample and assayed in 

triplicate wells for stimulation ofPBMC collected one week before immunization (naive animal). 

Open circles: Fractions from control uninfected BSV celllysates were pooled six per sample and 

assayed in triplicate wells for stimulation of PBMC collected 57 weeks after commencing 

immunization. Closed circles: Fractions from infected BSV celllysates were pooled six per sample 

and assayed in triplicate wells for stimulation of PBMC collected 18 weeks after commencing 

immunization. The mean cpm for the PBMC controls were 6,505 ± 11,797. The results are 

presented as SI. (* = P::; 0.05; # = p::; 0.1). The approximate molecular masses (kDa) of the 

fractions inducing C. ruminantium specific proliferation are shown above the charts. 
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TABLE 1. Proliferative responses ofPBMCa from a naive animal; two immune animals 

immunized by infection and treatment (B9191 & B1359) and three animals immunized with 

inactivated organisms (B821; B1351 & B775) to various e. ruminantium preparations. 

MeanCPM±SD 

Animal PBMC DC (neg)b DC (post PDGCd PSIACe 

Naive 2,208 ± 801 4,348 ± 1,945 2,661 ± 1,765 2,389 ± 977 3,877 ± 1,869 

B9191 813 ± 163 792 ±250 7,902 ± 1,809 10,641 ± 1,654 9,990 ± 436 

B1359 1,152 ± 418 2,124 ± 832 14,341 ± 4,784 3,857 ± 756 14,229 ± 3,139 

B821 1,079 ± 876 54,612 ± 4,876 128,080 ± 7,748 102,501 ± 9,016 120,260 ± 4,750 

B1351 1,065 ± 145 73,391 ± 7,215 144,438 ± 10,721 130,012 ± 6,481 140,391 ± 8,600 

B775 1,002 ± 140 40,312 ± 6,175 66,292 ± 13,756 99,371 ± 4,101 106,392 ± 3,352 

a PBMC were collected from the immunized animals at a time when they proliferated specifically 

to e. ruminantium antigen. 

b Differential Centrifugation ofuninfected BSV celllysates. 

C Differential Centrifugation of C. ruminantium infected BSV celllysates. 

d Percoll Density Gradient Centrifugation ofe. ruminantium infected BSV celllysates. 

e Positive Selection Immunoaffinity chromatography of e. ruminantium infected BSV celllysates. 
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TABLE 2. Summary ofthe proliferative responses ofPBMC from three cattle immunized with 

inactivated C. ruminantium (B821; B1351 & B775) and one control ox immunized with 

adjuvant only (B816) to C. ruminantium infected BSV celllysates fractionated by CFE. 

7% CFE6 15% CFEc 

Fractio Stimulation Indexd Stimulation Indexd 

n 
Noa

: Cattle No: kDa Cattle No: kDa 
B82 B135 B77 B8l B82 B135 B77 B81 

1 1 5 6 1 1 5 6 
1 2 3( 87* 0 <55 1 0 3* 0 11 
7 1 17* 54* 1 55-59 1 2 3( 0 11 
13 6 18* 53* 1 60-66 31# 11* 50* 0 11 
19 3 9* 26* 5 67-74 196* 11* 42* 4 11-

12 
25 1 8* 8* 4 75-80 129* 13* 50* 10# 13 
31 1 12* 18* 3 81-84 41 17* 45* 3 14-

16 
37 1 9* 19* 3 85-90 154* 14* 52* 7 16-

17 
43 2 7* 11* 4 91-96 64* 8* 46* 10* 18 
49 1 7* 13* 4 97-101 56* 8* 44* 6 19-

21 
55 1 9* 21" 4 102- 26# 14* 42''' 7 22-

105 23 
61 1 8* 17* 3 106- 47 12* 52* 3 23 

108 
67 1 5* 5* 2 lO9- 4* 9* 39* 7 24-

111 25 
73 1 5* 3* 2 112- 3* 7* 33* 8* 26 

114 
79 1 9* 12* 2 115- 3 14* 34* 11* 27 

119 
85 1 11* 21* 3 120- 3 13* 34* 10 28 

125 
91 1 8* 5* 1 126- 1 7* 38* 6 29 

134 
97 1 8* 12* 2 135- 2 7* 24* 11* 29 

140 
lO3 1 7* 4* 2 141- 1 12* 22* 10* 29-

144 30 
109 1 7* 6* 4 145- 1 12* 33* 7 30 

148 
115 1 7* 5* 4 149- 1 8* 23* 6 31 

152 
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121 1 6* 1 2 153- 1 8* 26* 6 31 
156 

127 1 s* 2* 2 157- 1 12* 24* 7 32-
158 33 

133 1 s* 4* 3 158 1 13* 36* 6 33-
34 

139 1 6* 4* 2 158 1 10* 24* 7 34 
145 1 7* s* 4 158 2 10· 3( 7 35 
151 1 11* 14* 2 160- 1 12* 30* 7 35-

163 36 
157 1 11* 15* 2 164- 1 IS* 37* 5 36-

166 37 
163 1 12* 16* 1 166- 1 12· 28* 7 37-

167 38 
169 1 8* 6* 2 168 1 11* 24* 3 38 
175 1 12* 20* 1 168 1 1 1 5 38 
aFractions from C. ruminantium infected BSV cells were pooled six per sample and assayed in 

triplicate wells for stimulation ofPBMC collected between 18 and 25 weeks after commencing 

immunization. 

"proteins were fractionated on a 7% polyacrylamide gel. The mean cpm of the PBMC controls 

were 5,769 ± 6,841. 

cProteins were fractionated on a 15% polyacrylamide gel. The mean cpm of the PBMC controls 

were 3,869 ± 3,466. 

dBoldface numbers: SI greater than twice background proliferation. 

• # 
P:::; 0.05; P:::; 0.1 
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