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SUMMARY OF ACCOMPLISHMENTS

. The Project has made a number of significant accomplishments, among the most notable

being the following:

. establishment of an internationally recognized heartwater research laboratory in
Zimbabwe which is staffed entirely by African nationals

. development of an inactivated vaccine for heartwater which is being commercialized in
collaboration with Intervet International

. development of a recombinant DNA vaccine for heartwater

. development of four serological tests for heartwater which have been transferred to
SADC laboratories

. completion of detailed epidemiological and economic studies on heartwater in SADC
countries

. development of a tick decoy technology as a sustainable and environmentally friendly
method of tick control which is being commercialized in collaboration with Intervet
International

. training of 13 Affrican scientists to higher degrees

. dissemination of information on heartwater globally via a newsletter and through

scientific publications, including recommendations to protect the United States and its
livestock industries and wildlife populations from the introduction of heartwater

OVERALL DESCRIPTION OF ACTIVITIES

The UF/USAID/SADC Heartwater Research Project came into existence in 1985, funded
by USAID and directed by the University of Florida (UF). Its activities can be divided into four
separate phases:

Phase 1 (1985 - 1989)

The first phase was funded by the USAID/Zimbabwe Mission initially as a contract and
later as a cooperative agreement. During this phase, a heartwater research laboratory was
established in Zimbabwe, located at the government’s Veterinary Research Laboratory in Harare,
which refined methodology for growth of the causative agent Cowdria ruminantium in cell
culture and identified the attraction-aggregation-attachment pheromone of the bont tick
Amblyomma hebraeum, the primary vector of heartwater in southern Africa.

Phase 2 (1989 - 1993)

The second phase was again funded by USAID/Zimbabwe Mission, but this time as a
grant to UF. During this phase, the Project expanded its research laboratory in Harare to include
biotechnology capabilities, it trained scientists from nine African countries in the new techniques
for C. ruminantium cell culture and for heartwater diagnosis, it initiated studies on development
of diagnostic tests for heartwater, it applied its pheromone discoveries to development of 2
pheromone-based attractant decoy for tick vector control, and it conducted a registration trial of
the decoy technology in Zimbabwe.




Phase 3 (1993 - 1996)

The third phase was funded by the USAID Office of Agriculture in Washington as a
grant. During this phase, the Project developed a inactivated culture-derived vaccine for
heartwater, it developed DNA probes and PCR assays for C. ruminantium diagnosis, it initiated
epidemiological and economic studies of heartwater in Zimbabwe, it continued training of
Zimbabwean scientists in molecular biology, immunoclogy and epidemiology, and it initiated an
information dissemination system through publication of a quarterly newsletter called “The Tick-
ler”.

Phase 4 (1996 - 2002)

The fourth and final phase of the Project was funded by the USAID Regional Center for
Southern Africa (RCSA) as a grant. During this phase, the Project conducted field trials of the
inactivated vaccine in four SADC countries (Botswana, South Africa, Zambia and Zimbabwe)
followed by a registration trial in South Africa, it developed a DNA vaccine for heartwater, it
completed development of serological tests for heartwater, it expanded its epidemiological and
economic studies to eight other SADC countries (Angola, Botswana, Malawi, Mozambique,
South Africa, Swaziland, Tanzania and Zambia), it conducted a field trial of the tick decoy
technology in South Africa, it completed training of Zimbabwean scientists, it continued to
disseminate information through “The Tick-ler”, and it developed a solid partnership with an
international company to commercialize its technologies within the SADC region.

DESCRIPTION OF THE METHODS OF WORK USED

1. Development of Inactivated Vaccine for Heartwater

A number of affected animals may survive primary infection and become fully resistant to
re-infection by C. ruminantium. This observation initiated the research on development of
improved vaccines. The first of these was named the "inactivated vaccine", which became the
"first- generation vaccine”. The inactivated vaccine for heartwater was developed from ceil
culture-derived organisms which were harvested, inactivated and included into a vaccine which
contained an adjuvant (an immune-modulating chemical which enhances immunity to a vaccine
antigen).

The development of this vaccine required five critical steps:

a) demonstration that inactivated organisms in a vaccine with an experimental Freund’s
adjuvant could protect animals against lethal heartwater challenge;

b) identification of immune responses that are induced in animals that are immune to C.
ruminantivm,

c) inclusion of a strain of C. ruminantium in the vaccine that had a wide cross-protective

capacity;
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d) identification of the optimal adjuvant for the vaccine;

e) registration and commercialization of the vaccine.

One of the first strains of C. ruminantium isolated in tissue culture in Zimbabwe was the
Crystal Springs strain from the Crystal Springs Farm located in the lowveld region of Zimbabwe.
A series of laboratory vaccine trials were conducted with this strain to demonstrate that an
inactivated vaccine could protect sheep against a lethal homologous challenge delivered either by
needle or by ticks. Initially, the vaccine was formulated with Freund’s adjuvant, an experimental
but commercially unacceptable adjuvant. The vaccine protected sheep by reducing the severity of
infection in the face of lethal challenge. In conirast, the unvaccinated control sheep suffered a
more severe disease and exhibited high mortality (up to 60%). Mortality in vaccinated sheep was
seldom observed. Subsequently a field trial was conducted with this vaccine whereby vaccinated
and unvaccinated sheep were challenged by field ticks on a heartwater-endemic farm in
Zimbabwe. The vaccinated sheep were fully protected against a field tick challenge which killed
63% of unvaccinated control sheep. The vaccine did not prevent infection, but prevented death
from heartwater challenge by reducing the severity of infection.

The unique feature of the inactivated vaccine was that it could be modified to incorporate
new strains of C. ruminantium to make it more area, country, or region-specific. However, an
inactivated vaccine that has a wide cross-protective capacity would be the ideal choice for use in
diverse geographical situations. Hence, a new strain of C. ruminantium, the Mbizi strain, also
from Zimbabwe, was incorporated into the vaccine in place of Crystal Springs. Initial tests in the
laboratory with this strain demonstrated a similar pattern of protection as that observed with
Crystal Springs. Thereafter, all trials were conducted using the Mbizi strain.

The inactivated vaccine containing cell-culture-derived Mbizi C. ruminantium and
Freund’s adjuvant reproducibly protected sheep against lethal homologous challenge. The
efficacy of the Mbizi inactivated vaccine was then tested in sheep against challenge from
heterologous strains of C. ruminantium from South Africa, Kenya and Zimbabwe, In that trial,
the vaccine protected sheep against challenge from these diverse locations. It became clear that
the inactivated vaccine for heartwater could reduce mortality from heartwater challenge and that
it was necessary to select adjuvants which were commercially viable and also had a similar level
of efficacy in this vaccine as with Freund’s adjuvant.

Commercially viable adjuvants were tested in the vaccine to replace the Freund’s
adjuvant. These were: Alhydrogel, Biocine, Montanide ISA 50, 70, 206, IMS 1113, 1313, 2213
(from Seppic), Quil A, QS-21, Saponin, incomplete Freund’s adjuvant, Plazvax, Double oil
emulsion and ST 3 (from Merial).

The vaccine containing Montanide ISA 50 was selected since it was the most efficacious
and it reproducibly protected vaccinated sheep against lethal challenge. Subsequently, in a field
trial, this vaccine also protected sheep against field tick challenge in Zimbabwe. This vaccine
containing the ISA 50 adjuvant was then tested in field trials in four countries in southern Africa,
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namely Botswana, South Africa, Zambia and Zimbabwe. The species of ruminants used in these
field trials were cattle, sheep and goats. Goats were protected by this vaccine against field tick
challenge in Botswana, and sheep were protected in Zambia and Zimbabwe. Angora goats were
not protected at the field site in South Affica. This indicated that complete cross-protection
between the Mbizi strain used in the vaccine did not exist in all situations, and the vaccine would
require further improvement by identifying a more efficacious adjuvant in addition to possible
inclusion of other strains of C. ruminantium. Vaccine efficacy in cattle trials in Zimbabwe
yielded the best results, with >80% protection achieved in vaccinated cattle.

The positive results from the testing of the inactivated vaccine has attracted private sector
interest, with Intervet International signing an option license agreement with UF. Registration
trials are underway currently as the first stage in commercialization of the vaccine.

2. Development of DNA Vaccine for Heartwater

The Project scientists have made significant progress on development of a "second-
generation vaccine” against heartwater, utilizing recombinant DNA technology. Several potential
vaccine candidate antigens (proteins) of C. ruminantium have been identified by studying the
immune responses of animal hosts to heartwater infection. Genes representing 35 novel antigens
have been cloned, sequenced and characterized, and some of these, based on their cellular
location or function, have been further evaluated as DNA vaccines. DNA vaccines represent a
novel means of expressing protective antigens of pathogens in vivo and induce humoral and
cellular immune responses.

Ten of 35 novel genes of C. ruminantium were tested as DNA vaccines in a mouse
model. This model is extremely efficient at predicting protective antigens, especially because, in
this host, the pathogen induces immune responses which are similar to those detected in cattle
and also because the disease pathogenesis is similar. Of the 10 vaccines, the map! DNA vaccine
has reproducibly shown to protect mice against lethal C. ruminantium challenge. A maximum
protection of 67% was achieved in the mouse model with the map! DNA vaccine. Another five
DNA vaccines individually induced lower levels of protection than the mapl DNA vaccine.

The mapl DNA vaccine was tested in sheep and in cattle. Evaluation of immune
responses following immunization with the DNA vaccines in sheep revealed that the responses
were present, albeit of weak intensity which were unlikely to induce the desired levels of
protection. However, the map! DNA vaccine trials in cattle were encouraging as both humoral
and cellular immune responses to the MAP-1 antigen and native C. ruminantium antigen lysates
were readily detectable.

Further evaluation of regimes of immunization, intervals of administration, combination
of vaccines, and identification of new protective genes are required fo obtain optimal protection
using this methodology. DNA vaccines have been tested for various infection systems affecting
both animals and man, and the optimism expressed by the researchers predicts that some day all
vaccines are likely to be designed by this protocol.
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3. Development of Diagnostic Tests for Heartwater

Ante-mortem detection of C. ruminantium infection in ruminant hosts is not easy because
of the acute course of infection. Recognizing this fact, the Project has developed and evaluated
several diagnostic assays to detect infection or exposure to infection in ruminant hosts. These
tests have application in detecting on-going field infections, the spread of heartwater and in
understanding the epidemiology of heartwater, providing valuable insight into dynamics of C.
ruminantium infection in the host and the vectors of the disease. Two types of diagnostic tests
have been developed, serological tests which are capable of detecting exposure to infection and
DNA-based assays which can detect infection with a high degree of sensitivity and specificity.

The Project has developed four serological tests: the indirect fluorescent antibody test, the
immunoblotting assay, the MAP-2 indirect ELISA, and the MAP-1B indirect ELISA. These tests
have been used for the detection of antibodies to C. ruminantium in laboratory studies and in
field surveys of heartwater.

The Project has developed and evaluated two DNA-based assays, the DNA probe assay
and the pCS20 polymerase chain reaction (PCR) assay. These assays can detect C. ruminantium
in ticks and in animals during the clinical and carrier stages of infection. They are highly
sensitive and specific and have higher specificity than the serological assays. They have been
used to define the infection dynamics of vector ticks and carrier animals, and this information has
contributed to a better understanding of the epidemiology of heartwater.

4. Epidemiological and Economic Studies on Heartwater

The Project embarked on a comprehensive study on the epidemiology and economic
impact of heartwater in southern Africa. This was an important undertaking as it was necessary to
define how the new vaccines under development would perform in the field. As a resuit of this
study, we now have a sound understanding of the factors influencing the distribution of tick
vectors, the infection dynamics, and the impacts of the disease in different agro-ecological zones
and production systems. We can now predict the technical and economic impacts of control with
the new generation of vaccines now emerging. The following key findings were recorded from
these studies:

a) Thirty-one million cattle and 28 miilion small ruminants are at risk to heartwater in the
nine SADC countries affected (Angola, Botswana, Malawi, Mozambique, South Africa,
Swaziland, Tanzania, Zambia and Zimbabwe).

b) The total annual losses were estimated at US$ 47.6 million, of which 61% were
production losses and 39% control costs. Annual total direct losses in Zimbabwe
(acaricide costs, milk losses, treatment costs) were estimated at $5.6 million. An
inactivated vaccine was predicted to have a benefit:cost ratio of 2.4:1 in the communal
sectors and 7.6:1 in the commercial sectors of Zimbabwe.

c) At a SADC-wide level, new vaccines could potentially yield a benefit:cost ratio of 4.4:1,
particularly in commercial and emerging market-oriented systems of the region.
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d) Intensive use of acaricides will continue to maintain a status of susceptibility to
heartwater infection as it will interrupt natural infection and suppress the development of
endemic stability.

€) Use of vaccines will allow reduction in acaricide use in many situations and pave the way
to transition towards endemic stability, with endemic stability and subsequent natural
infection boosting vaccinal immunity.

) Endemic stability created by vaccination does not affect the productivity of livestock.

g) Both large and small-scale livestock production could be increased significantly with
improved and cost-effective heartwater control methods.

h) Six wild ruminant species (African buffalo, eland, giraffe, greater kudu, sable antelope
and wildebeest) were shown to be carriers of C. ruminantium infection.

5. Development of Tick Decoy Technology

Conventional methods for tick control require frequent applications of toxic pesticides,
typically every one to two weeks during the tick season, either by drenching of animals by
dipping or spraying or by labor-intensive application as pour-ons. These methods have proven to
be unsustainable in Africa, particularly for small farmers, and the first two methods pollute the
environment with toxic chemicals. The Project has developed an alternative method of tick
control known as the tick decoy technology, and these tick decoys provide a biorational and
sustainable approach to targeted vector control for heartwater and other tickbome diseases.

Tick decoys are plastic tags impregnated with an acaricide (a pesticide that kills ticks) and
the bont tick pheromone {(a mixture of chemicals produced naturally by ticks to attract other ticks
for mating). The plastic decoy is attached to the neck of animals with collars, to the ears or to the
hairs of the tail switch. After attachment, the pheromone and acaricide emerge slowly from the
decoy onto the animal. Bont ticks both on the animal and in the environment are attracted by the
pheromone to the area around the decoy where they are killed by the acaricide. The slow
continual release of pheromone and acaricide allow one decoy application to control ticks for at
least three months.

Tick decoys have been tested in the field in both Zimbabwe and South Africa. The
Zimbabwean trial demonstrated excellent control of the bont tick on cattle with decoys
containing the acaricides cyfluthrin (98-99% control) or flumethrin (92-97% control). The South
African trial showed that the decoys would also control other important tick species including the
brown ear tick Rhipicephalus appendiculatus which transmits the deadly disease East Coast fever
to cattle.

The decoys have many advantages over conventional methods for tick control, including
the following:
. they are cheap and easy to produce
. they cause no pollution of the environment with toxic chemicals
. they require no water for application, a major advantage in drought-prone regions
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. they are easy to apply, requiring no specific training for application and no mechanical
apparatus for operation

. they have a long-lasting effect of at least three months due to their slow-release
formulation

. use of decoys greatly reduces labor and infrastructural costs

. use of decoys greatly reduces the need for expensive chemicals, a major advantage
particularly in poorer countries with sparse reserves of foreign currency

. they allow for easy identification of treated animals

Commercialization of the tick decoy technology was initially blocked by the major
acaricide manufacturers who refused the Project access for their patented technical-grade
acaricides because they wanted to maximize sales of their products. However, when these
acaricides went off-patent in the late 1990s, the technical-grade materials became available and
commercialization of the tick decoy technology was revived. Intervet International is currently
negotiating an option agreement with UF to commercialize this technology.

6. Training Activities of the Project

The following 13 African scientists were trained by the Project to higher degrees:

Daniel Mukwedeya M.Sc. University of Zimbabwe (Zimbabwean national)
Noel Chigagure M.Sc. University of Zimbabwe (Zimbabwean national)
Bigboy Simbi M.Sc. University of Florida (Zimbabwean national)
Barbara Byrom M.Phil. University of Zimbabwe (Zimbabwean national}
Samuel Masaka M.Phil. University of Edinburgh (Zimbabwean national)
Albert Ngakou M.Sc. University of Zimbabwe (Cameroonian national)
Julius Mugwagwa M.Sc. University of Zimbabwe (Zimbabwean national)
Nigel Bryson M.V.Sc. University of Pretoria (South African national)
Owen Kakono M.Se. University of Zimbabwe (Zimbabwean nationat)
Trevor Peter Ph.D. University of Florida (Zimbabwean national)
Shalt Semu Ph.D. University of Zimbabwe (Zimbabwean national)
Bigboy Simbi Ph.D. University of Zimbabwe (Zimbabwean national)
Aceme Nyika Ph.D. University of Florida (Zimbabwean national)

A training workshop in heartwater diagnostics was conducted in 1991/2 in Harare,
Zimbabwe, on improved cell-culture techniques and diagnostics. Representatives from the
respective SADC national veterinary laboratories participated in this course.

Other training was conducted by special arrangements. Nationals from Kenya, The

Netherlands, Mozambique, Madagascar, South Africa, the United States, Zambia, and Zimbabwe

were trained in heartwater diagnostics that have been developed by the Project.
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9.
Dissemination of Information by the Project

The Project used two mechanisms to disseminate information on heartwater globally.

The first method was by publication of a newsletter called “The Tick-ler” which was published
quarterly from September 1995 to December 1998 and mailed to about 400 individuals in 85
countries. Publication of this newsletter continued while funding for an information specialist
was available. The second method was by publication of articles in international journals. The
Project has been very productive in this area, publishing 177 full-length papers since 1985, with a
further six in press at the time of writing of this report. These 183 publications are listed below:

1.
2.

3.

0o

10.

11.

12.

13.

14.

15.

16.

Burridge, M.J. (1985) Heartwater invades the Caribbean. Parasitol. Today 1: 175-177.
Burridge, M.J. (1986) Caribbean diseases threaten Florida. Florida Cattlemen’s
Livestock J. 50(6):40-41.

Burridge, M.J. (1986) Epidemiology of heartwater in the Caribbean. Pages 23-30 in
Proceedings of Symposium on Tropical/Subtropical Agriculture Research. Caribbean
Basin Advisory Group, Gainesville, Florida.

Norval, R.A.L (1986) Amblyomma variegatum and acute bovine dermatophilosis.
Parasitol. Today 2:23.

Norval, R.A L, Yunker, C.E. & Butler, J.F. (1987) Field sampling of unfed adults of
Amblyomma hebraeum Koch. Exp. Appl. Acarol. 3: 213-217.

Yunker, C.E., Kocan, K.M., Norval, R.A.L. & Burridge, M.J. (1987) Distinctive staining
of colonies of Cowdria ruminantium in midguts of Amblyomma hebraeum.
Onderstepoort J. Vet. Res. 54: 183-185.

Koch, H.T., Ocama, J.G.R., Munatswa, F.C., Byrom, B., Norval, R.A.L, Spooner, P.R.,
Conrad, P.A. & Irvin, A.D. (1988) Isolation and characterization of bovine Theileria
parasites in Zimbabwe, Vet. Parasitol. 28: 19-32.

Norval, R.A.L (1988) The epidemiology of heartwater. Kenya Vet. 12: 9-11.

Norval, R.A.L, Floyd, R.B. & Kerr, J.D. (1988) Ability of adults of Amblyomma
hebraeum (Acarina: Ixodidae) to feed repeatedly on sheep and cattle. Vet. Parasitol. 29:
351-355.

Norval, R.A.L, Yunker, C.E., Gibson, J.D. & Deem, S.L. (1988) Field sampling of unfed
nymphs of Amblyomma hebraeum Koch. Exp. Appl. Acarol. 4: 173-177.

Yunker, C.E. (1988) Current research on heartwater in Zimbabwe. Zimbabwe Vet. J. 19:
25-31.

Yunker, C.E., Byrom, B. & Semu, S. (1988) Cultivation of Cowdria ruminantium in
bovine vascular endothelial cells. Kenya Vet. 12(2): 12-16.

Andrew, H.R. & Norval, R.A.IL (1989) The role of males of the bont tick (Amblyomma
hebraeum) in the transmission of Cowdria ruminantium (heartwater). Vet. Parasitol. 34:
15-23.

Andrew, HR. & Norval, R. AL (1989) The carrier status of sheep, cattle and African
buffalo recovered from heartwater. Vet. Parasitol. 34: 261-266.

Norval, R.A.L (1989) Heartwater disease in Africa and its presence in the Western
Hemisphere. USDA Foreign Anim. Dis. Rep. 17: 4-7.

Norval, R.A.L, Andrew, H.R. & Yunker, C.E. (1989) Pheromone-mediation of host-
selection in bont ticks (Amblyomma hebraeum Koch). Science 243: 364-365.



17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29,

30.

31.

-10-

Norval, R.A.L, Butler, J.F. & Yunker, C.E, (1989) Use of carbon dioxide and natural and
synthetic aggregation-attachment pheromone of the bont tick Amblyomma hebraeum to
attract and trap unfed adults in the field. Exp. Appl. Acarol. 7: 171-180.

Norval, R.A.L, Sutherst, R W., Jorgensen, O.G., Gibson, J.D. & Kerr, J.D. (1989) The
effect of the bont tick (dmblyomma hebraeum) on the growth of Africander steers. Vet.
Parasitol. 33: 329-341.

Byrom, B. & Yunker, C.E. (1990) Improved culture conditions for Cowdria ruminantium
(Rickettsiales), the agent of heartwater disease of domestic ruminants. Cytotechnology 4:
285-290.

Norval, R.A.L, Andrew, H.R. & Yunker, C.E. (1990) Infection rates with Cowdria
ruminantium of nymphs and adults of the bont tick Amblyomma hebraeum collected in
the field in Zimbabwe. Vet. Parasitol. 36: 277-283.

Yunker, C.E., Andrew, H.R., Norval, R A.I. & Keirans, J.E. (1990) Interspecific
attraction to male-produced pheromones of two species of Amblyomma ticks (Acarina:
Ixodidae). J. Insect Behav. 3: 557-565.

Byrom, B., Yunker, C.E., Donovan, P.L. & Smith, G.E. (1991) In vitro isolation of
Cowdria ruminantium from plasma of infected ruminants. Vet. Microbiol. 26: 263-268.
Lusby, W.R., Sonenshine, D.E., Yunker, C.E., Norval, R.A.l. & Burridge, M.J. (1991)
Comparison of known and suspected pheromonal constituents in males of the African
ticks, Amblyomma hebraeum Koch and Amblyomma variegatum (Fabricius). Exp. Appl.
Acarol. 13: 143-152.

Norval, R.AL (1991) Heartwater disease (Cowdria ruminantium infection) in domestic
ruminants: Control and epidemiology. Pages 180-185 in Developing World Agriculture
(A. Speedy, ed.). Grosvenor Press International.

Norval, R.A.L (1991) Tick infestation. Pages 831-844 in Merck Veterinary Manual, 7th
ed. (C.M. Fraser, ed.). Merck, Sharpe & Dohme, Rahway, N.J.

Norval, R.A.L (1991) Tick control. Pages 845-846 in Merck Veterinary Manual, 7th ed.
(C.M. Fraser, ed.). Merck, Sharpe & Dohme, Rahway, N.J.

Norval, R.A.L, Andrew, H.R. & Meltzer, M.1. (1991) Seasonal occurrence of the bont
tick (Amblyomma hebraeum) in the southern lowveld of Zimbabwe. Exp. Appl. Acarol.
13: 81-96.

Norval, R.A.L, Peter, T., Yunker, C.E., Sonenshine, D.E. & Burridge, M.J. (1991)
Responses of the ticks Amblyomma hebraeum and A. variegatum to known or potential
components of the aggregation-attachment pheromone. 1. Long-range attraction. Exp.
Appl. Acarol. 13:11-18.

Norval, R AL, Peter, T., Yunker, C.E., Sonenshine, D.E. & Burridge, M.J. (1991}
Responses of the ticks Amblyomma hebraeum and A. variegatum to known or potential
components of the aggregation-attachment pheromone. II. Attachment stimulation. Exp.
Appl. Acarol. 13: 19-26.

Norval, R AL, Perry, B.D., Kruska, R. & Kundert, K. (1991) The use of climate data
interpolation in estimating the distribution of Amblyomma variegatum in Afiica. Prev.
Vet. Med. 11: 365-366.

Norval, R.A.L, Yunker, C.E., Duncan, IM. & Peter, T.F. {(1991) Pheromone/acaricide
mixtures in the control of the tick Amblyomma hebraeum: Effects of acaricides on
attraction and attachment. Exp. Appl. Acarol. 11: 233-240.



32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

-11-

Waghela, S.D., Rurangirwa, F.R., Mahan, S.M., Yunker, C.E., Crawford, T.B., Barbet,
AF., Burridge, M.J. & McGuire, T.C. (1991) A cloned DNA probe identifies Cowdria
ruminantium in Amblyomma variegatum ticks. J. Clin. Microbiol. 29: 2571-2577.
Yunker, C.E. (1991) The epidemiology, diagnosis and control of heartwater. Pages 87-97
in Proceedings of Seminar on Cowdriosis and Dermatophilosis of Livestock in the
Caribbean Region. Caribbean Agricultural Research and Development
Institute/Technical Center for Agriculture and Rural Cooperation.

Yunker, C.E. & Norval, R.A.L. (1991) Field studies on he aggregation-attachment
pheromones of Amblyomma spp., vectors of human and animal rickettsioses in
Zimbabwe. Mod. Acarol. 1: 79-82.

Yunker, C.E. & Norval, R.A.l. (1991) Heartwater disease of ruminants in Zimbabwe:
current research and prospects for control. Mod. Acarol. 1: 229-232.

Barbet, A.F., Mahan, S.M., Allred, D., McGuire, T.C., Palmer, G.H. & Yunker, C.E.
(1992) Molecular biology of rickettsiae: gene organization and structure in Anaplasma
marginale and Cowdria ruminantium. Pages 37-91 in Recent Developments in the
Control of Anaplasmosis, Babesiosis and Cowdriosis (T.T. Dolan, ed.). International
Laboratory for Research on Animal Diseases, Nairobi, Kenya.

Dame, J.B., Mahan, S.M. & Yowell, C.A. (1992) Phylogenetic relationship of Cowdria
ruminantium, agent of heartwater, to Anaplasma marginale and other members of the
Order Rickettsiales determined on the basis of 16S rRNA sequence. Int. J. Syst.
Bacteriol. 42: 270-274.

Mahan, S.M., Waghela, S.D., McGuire, T.C., Rurangirwa, F.R., Wassink, L.A. & Barbet,
AF. (1992) A cloned DNA probe for Cowdria ruminantium hybridizes with eight
heartwater strains and detects infected sheep. J. Clin. Microbiol. 30: 981-986.

Mahan, S.M., Waghela, S.D., Rurangirwa, F.R., Yunker, C.E., Crawford, T.B., Barbet,
AF., Burridge, M.J. & McGuire, T.C. (1992) DNA probes for Cowdria ruminantium.
Pages 79-83 in Recent Developments in the Control of Anaplasmosis, Babesiosis and
Cowdriosis (T.T. Dolan. ed.). International Laboratory for Research on Animal Diseases,
Nairobi, Kenya.

Meltzer, M.I. & Norval, R.A.L (1992) The use of time-series analysis to forecast bont tick
(Amblyomma hebraeum) infestations in Zimbabwe. Exp. Appl. Acarol. 13: 261-275.
Norval, R. AL, Andrew, H.R., Yunker, C.E. & Burridge, M.J. (1992) Biological
processes in the epidemiology of heartwater. Pages 71-86 in Current Topics in Tick and
Tick-borne Disease Research (B.H. Fivaz, T.N. Petney & 1.G. Horak, eds.). Springer
Verlag, Berlin.

Norval, R.A L, Burridge, M.J. & Deem, S.L. (1992) Heartwater: a potential threat
outside Africa. Pages 155-162 in New and Emerging Infectious Diseases. Proceedings
of 12th International Symposium of the World Association of Veterinary Microbiologists,
Immunologists and Specialists in Infectious Diseases. University of California, Davis.
Norval, R.A.L, Meltzer, M.I. & Burridge, M.J. (1992) Distribution, economic importance
and control measures for Cowdria ruminantium. Pages 13-27 in Recent Developments in
the Control of Anaplasmosis, Babesiosis and Cowdriosis (T.T. Dolan, ed.). International
Laboratory for Research on Animal Diseases, Nairobi, Kenya.

Norval, R.A.L, Perry, B.D. & Hargreaves, S.K. (1992) Tick-borne disease control in
Zimbabwe: What might the future hold? Zimbabwe Vet. J. 23: 1-15.



45.

46.
47.

48.

49.

50.
51,
52.
53.

54.

55.
56.

57.

-12-

Norval, R.A.L, Peter, T. & Meltzer, M.I. (1992) Comparison of the attachment rates of
males of the ticks Amblyomma hebraeum and A. variegatum to cattle, sheep and rabbits
in the absence of aggregation-attachment pheromone. Exp. Appl. Acarol. 15: 145-152.
Norval, R. AL, Peter, T. & Meltzer, M.I. (1992) A comparison of the attraction of
nymphs and adults of the ticks Amblyomma hebraeum and A. variegatum to carbon
dioxide and the male-produced aggregation-attachment pheromone. Exp. Appl. Acarol.
13: 179-186.

Norval, R.AL, Peter, T., Meltzer, M.1., Sonenshine, D.E. & Burmnidge, M.J. (1992)
Responses of the ticks Amblyomma hebraeum and A. variegatum to known or potential
components of the aggregation-attachment pheromone. IV. Attachment stimulation of
nymphs. Exp. Appl. Acarol. 16: 247-253.

Norval, R.A.L, Peter, T., Sonenshine, D.E. & Burridge, M.J. (1992) Responses of the
ticks Amblyomma hebraeum and A. variegatum to known or potential components of the
aggregation-attachment pheromone. IIl. Aggregation. Exp. Appl. Acarol. 16: 237-245.
Semu, S.M., Mahan, S.M., Yunker, C.E. & Burridge, M.J. (1952) Development and
persistence of Cowdria ruminantium specific antibodies following experimental infection
of cattle, as detected by the indirect fluorescent antibody test. Vet. Immunol.
Immunopathol. 33: 339-352.

Yunker, C.E. & Norval, R.AL (1992) African tick typhus (Rickettsia conori) in
Zimbabwe. Pages 143-148 in Current Topics in Tick and Tick-borne Disease Research
(B.H. Fivaz, T.N. Petney & 1.G. Horak, eds.}. Springer Verlag.

Yunker, C.E., Peter, T., Norval, R.A.L, Sonenshine, D.E., Burridge, M.J. & Butier, J.F.
(1992) Olfactory responses of adult Amblyomma hebraeum and A. variegatum (Acari:
Ixodidae) to attractant chemicals in laboratory tests. Exp. Appl. Acarol. 13: 295-301.
Barbet, A.F., McGuire, T.C. & Mahan, S.M. (1993) Sequence, high level expression and
purification of a recombinant 21kD protein of Cowdria ruminantium from E. coli. Rev.
Elev. Med. Vet. Pays Trop. 46: 165.

Byrom, B., Mahan, S.M. & Barbet, A.F. (1993) The development of antibody to
Cowdria ruminantium in mice and its role in heartwater disease. Rev. Elev. Med. Vet.
Pays Trop. 46: 197-201.

De Vries, N., Mahan, S.M., Ushewokunze-Obatolu, U., Norval, R.A.I. & Jongejan, F.
(1993) Correlation between antibodies to Cowdria ruminantium (Rickettsiales) in cattle
and the distribution of Amblyomma vector ticks in Zimbabwe. Exp. Appl. Acarol. 17:
799-810.

Du Plessis, J.L., Bezuidenhout, J.D., Brett, M.S., Camus, E., Jongejan, F., Mahan, S.M.
& Martinez, D. (1993) The sero-diagnosis of heartwater: a comparison of five tests. Rev.
Elev. Med. Vet. Pays Trop. 46: 123-129.

Kocan, K.M., Norval, R.A.L, & Donovan, P.L. (1993) Development and transmission of
Cowdria ruminantium by Amblyomma males transferred from infected to susceptible
sheep. Rev. Elev. Med. Vet. Pays Trop. 46: 183-188.

Mahan, S.M., Barbet, A.F., Tebele, N., Nyathi, C., Wassink, L.A_, Semu, S., Peter, T. &
Kelly, P.J. (1993} An immunoblotting diagnostic assay for heartwater based on the
immunodominant 32kD protein of Cowdria ruminantium detects also false positives in
field sera. J. Clin. Microbiol. 31: 2729-2737.



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

-13-

Matthewman, L.A., Kelly, P.J., Mahan, S.M., Semu, S., Tagwira, M., Bobade, P.A.,
Brogui, P. & Mason, P.R. (1993) Western blot and indirect fluorescent antibody testing
for antibodies reactive with Ehrlichia canis in sera from healthy dogs in Zimbabwe. J. S.
Afr. Vet. Assoc. 64: 111-115.

Meltzer, M.I. & Norval, R.A.L. (1993) Evaluating the economic threshold for tick
(Amblyomma hebraeum) control in Zimbabwe. Exp. Appl. Acarol. 17:171-185.
Yunker, C.E., Mahan, S.M., Waghela, S.D., McGuire, T.C., Rurangirwa, F.R., Barbet,
AF. & Wassink, L.A. (1993) Detection of Cowdria ruminantium by means of a DNA
probe, pCS20, in infected bont ticks, Amblyomma hebraeum, the major vector of
heartwater in southern Africa. Epidemiol. Infect. 110: 95-104.

Barbet, A.F, Semu, S.M., Chigagure, N., Kelly, P.J., Jongejan, F. & Mahan, S.M. (1994)
Size variation of the major immunodominant protein of Cowdria ruminantium. Clin.
Diagn. Lab. Immunol. 1: 744-746.

Kelly, P.J., Mathewman, L.A., Mahan, S.M., Semu, S., Peter, T., Mason, P.R., Brouqui,
P. & Raoult, D. (1994) Serological evidence for antigenic relationships between Ehrlichia
canis and Cowdria ruminantium. Res. Vet. Sci. 56: 170-174.

Mahan, S.M., McGauire, T., Jongejan, F. & Barbet, A.F. (1994) Molecular cloning of a
gene for an immunogenic 21kD protein of Cowdria ruminantium. Microbiology 140:
2135-2142.

Mahan, S.M., Smith, G.E. & Byrom, B. (1994) Concanavalin A-stimulated bovine T-cell
supematants inhibit growth of Cowdria ruminantium in bovine endothelial cells in vitro.
Infect. Immun. 62: 747-750.

Matthewman, L.A., Kelly, P.J., Mahan, S.M., Semu, S.M., Mason, P.R., Bruce, D,
Brouqui, P. & Raoult, D. (1994) Reactivity of sera collected from dogs in Mutare,
Zimbabwe, to antigens of Ehrlichia canis and Cowdria ruminantium. Vet. Rec. 134:
498-499,

Norval, R.A.L. & Deem, S.L. (1994) The development and application of models in the
planning and implementation of reduced and strategic-minimal tick control strategies in
Zimbabwe. Page 283-295 in Modelling of Vector-borne and Other Parasitic Diseases
(B.D. Perry & J.W. Hansen, eds.). International Laboratory for Research on Animal
Diseases, Nairobi, Kenya.

Norval, R.A.L, Meltzer, M.1,, Sonenshine, D.E. & Burridge, M.J. (1994) Self-
medicating applicator for controlling pests on animals. U.S. patent no. 5,357,902.
Norval, R AL, Perry, B.D., Melizer, M., Kruska, R.L. & Booth, T.H. (1994) Factors
affecting the distributions of the ticks Amblyomma hebraeum and A. variegatum in
Zimbabwe: implications of reduced acaricide usage. Exp. Appl. Acarol. 18:383-407.
Norval, R.A L, Sonenshine, D.E., Meltzer, M.L, Burridge, M.J. & Yunker, C.E. (1994)
Attractant decoy for controlling bont ticks. U.S. patent no. 5,296,277.

Norval, R.A.L, Sonenshine, D.E., Meltzer, M.1., Burridge, M.J. & Yunker, C.E. (1994)
Attractant decoy for controlling bont ticks. South Africa patent no. 93/4071.

Price, T.L., Sonenshine, D.E., Norval, R. AL, Yunker, C.E., & Burridge, M.J. (1994)
Pheromonal composition of two species of African Amblyomma ticks: similarities,
differences and possible species specific components. Exp. Appl. Acarol. 18:37-50.



72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

-14-

Van Vliet, A.-H.M., Mahan, S.M., Martinez, D., Camus, E., van der Zeijst, BAM. &
Jongejan, F. (1994) Development of a Cowdria ruminantium specific ELISA based on
recombinant antigens. Pages 29-32 in Proceedings of 5th Symposium on Tropical
Animal Health and Production. University of Utrecht, The Netherlands.

Mahan, S.M. (1995) A view of the molecular biology of Cowdria ruminantium. Vet.
Parasitol. 57: 51-56.

Mahan, S.M., Andrew, H.R., Tebele, N., Burridge, M.J. & Barbet, A.F. (1995)
Immunization of sheep with inactivated Cowdria ruminantium provides protection
against heartwater. Res. Vet. Sci. 58: 46-49.

Mahan, S.M., Peter, T.F., Semu, S.M., Simbi, B.H., Norval, R.A.L. & Barbet, A F. (1995)
Laboratory-reared Amblyomma hebraeum and Amblyomma variegatum ticks differ in
their susceptibility to infection with Cowdria ruminantium. Epidemiol. Infect. 115: 345~
354.

Meltzer, M.L., Norval, R.A.l. & Donachie, P.L. (1995) Effects of constant tick
infestation and tick-borne disease infections (heartwater, anaplasmosis and babesiosis})
on lactation and weight gain of Mashona catfle in southeastern Zimbabwe. Trop. Amim.
Health Prod. 27:129-144.

Norval, R.A.L, Donovan, P.L., Meltzer, M.I,, Deem, S.L. & Mahan, S.M. (1995) The
relationship between tick {(Amblyomma hebraeum) infestation and immunity fo heartwater
(Cowdria ruminantium infection) in calves in Zimbabwe. Vet. Parasitol. 58: 335-352.
Norval, R.A.L, Sonenshine, D.E., Meltzer, M.L, Burridge, M.J. & Yunker, C.E. (1995)
Attractant decoys for controlling bont ticks and other pests. Zimbabwe patent no. 74/93.
Peter, T.F., Deem, S.L., Barbet, AF., Norval, R.A.L, Simbi, B.H., Kelly, P.J. & Mahan,
S.M. (1995) Development and evaluation of a polymerase chain reaction assay for
detection of low levels of Cowdria ruminantium infection in Amblyomma ticks not
detected by DNA probe. J. Clin. Microbiol. 33: 166-172.

Van Vliet, A H.M., van der Zeijst, B.AM., Camus, E., Mahan, S.M., Martinez, D. &
Jongejan, F. (1995) Use of a specific immunogenic region on the Cowdria ruminantium
MAP1 protein in a serological assay. J. Clin. Microbiol. 33: 2405-2410.

Yonow, T. {(1995) The life-cycle of Amblyomma variegatum (Acari: Ixodidae): a
literature synthesis with a view to modeling. Int. J. Parasitol. 25: 1023-1060.

Allan, S.A., Norval, R.AL, Sonenshine, D.E. & Burridge, M.J. (1996) Efficacy of tail-
tag decoys impregnated with pheromone and acaricide for control of bont ticks on cattle.
Ann. New York Acad. Sci. 791: 85-94.

Deem, S.L., Donachie, P.L., Norval, R.A.I. & Mahan, S.M. (1996) Colostrum from dams
living in heartwater-endemic area influences calfhood immunity to Cowdria
ruminantium. Vet. Parasitol. 61: 133-144,

Deem, S.L., Norval, R.A.L, Donachie, P.L.. & Mahan, S.M. (1996) Demonstration of
vertical transmission of Cowdria ruminantium, the causative agent of heartwater, from
cows to their calves. Vet. Parasitol. 61: 119-132.

Deem, S.L., Norval, R.A.L, Yonow, T., Peter, T.F., Mahan, S.M. & Burridge, M.J.
(1996) The epidemiology of heartwater: establishment and maintenance of endemic
stability. Parasitol. Today 12: 402-405.



86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

-15-

Katz, J.B., Barbet, A.F., Mahan, S.M., Kumbula, D., Lockhart, ] M., Keel, MK,
Dawson, J.E., Olson, J.G. & Ewing, S.A. (1996) A recombinant antigen from the
heartwater agent (Cowdria ruminantium) reactive with antibodies in some southeastern
United States white-tailed deer (Odocoileus virginianus), but not cattle, sera. J. Wildl.
Dis. 32:424-430.

Kelly, P.J., Masanvi, N., Cadman, H.F., Mahan, S.M., Beati, L., & Raouit, D. (1996)
Serosurvey for Cowdria ruminantium, Coxiella burnetti and spotted fever group
rickettsiae in ostriches (Struthrio camelus) in Zimbabwe. Avian Dis. 40: 448-452.
Mahan, S.M., Sileghem, M., Smith, G.E., & Byrom, B. (1996) Neutralization of bovine
concanavalin-A T cell supernatant-mediated anti-Cowdria ruminantium activity with
antibodies specific to interferon gamma but not to tumor necrosis factor. Parasite
Immunol. 18: 317-324.

Matthewman, L.A., Kelly, P.J., Wray, K., Bryson, N.R., Rycroft, A.N,, Raoult, D. &
Mahan, S.M. (1996) Antibodies in cat sera from southemn Africa react with antigens of
Ehrlichia canis. Vet. Rec. 138: 364-365.

Meltzer, ML (1996) A possible explanation of the apparent breed-related resistance in
cattle to bont tick (dmblyomma hebraeum) infestations. Vet. Parasitol. 67: 275-279.
Meltzer, M.L, Perry, B.D. & Donachie, P.L. (1996) Mortality percentages related to
heartwater and the economic impact of heartwater disease on large-scale commercial
farms in Zimbabwe. Prev. Vet. Med. 26: 187-199.

Norval, R.A.L, Sonenshine, D.E., Allan, S.A. & Burridge, M.J. (1996) Efficacy of
pheromone-acaricide-impregnated tail-tag decoys for controlling the bont tick,
Amblyomma hebraeum (Acari: Ixodidae), on cattle in Zimbabwe. Exp. Appl. Acarol. 20:
31-46.

Norval, R.A.L, Sutherst, R.W. & Keer, J.D. (1996) Infestations of the bont tick
Amblyomma hebreaum (Acari: Ixodidae) on different breeds of cattle in Zimbabwe. Exp.
Appl. Acarol. 20: 599-605.

Reddy, G.R., Sulsona, C.R., Harrison, R.H., Mahan, S.M., Burridge, M.J. & Barbet, A.F.
(1996) Sequence heterogeneity of the Major Antigenic Protein 1 genes from Cowdria
ruminantium isolates from different geographical areas. Clin. Diagn. Lab. Immunol. 3:
417-422.

Sonenshine, D.E., Allan, S.A., Norval, R.A.l. & Burridge, M.J. (1996) A self-medicating
applicator for control of ticks on deer. Med. Vet. Entomol. 10: 149-154.

van Vliet, A H.M., van der Zeijst, B.A.M., Camus, E., Mahan, S.M., Martinez, D. &
Jongejan, F. (1996) Recombinant expression and use in serology of a specific fragment
from the Cowdria ruminantium MAP] protein. Ann. New York Acad. Sci. 791: 35-46.
Burridge, M.J. (1997) Heartwater: an increasingly serious threat to the livestock and deer
populations of the United States. Pages 582-597 in Proceedings of 101st Annual
Meeting of United States Animal Health Association. Spectrum Press, Richmond,
Virginia, USA.

Norval, R.A.L, Sutherst, R W., Jongensen, 0.G. & Kerr, I.D. (1997) The effects of the
bont tick, Amblyomma hebraeum, on milk production of Sanga and Sanga X Brahman
cattle. Med. Vet. Entomol. 11: 143-147.



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

-16-

O’Callaghan, C., Medley, G., Peter, T. & Perry B. (1997) Modelling the transmission
dynamics of Cowdria ruminantium: supporting the case for endemic stability. Epidémiol.
Santé Anim. 31-32: 13.14.1-13.14.3.

Perry, B., Chamboko, T., Mahan, S., Medley, G., Mukhebi, A., O’Callaghan, C. & Peter,
T. (1997) A study of the effects of heartwater and its control on livestock productivity and
economics in Zimbabwe. Epidémiol. Santé Anim. 31-32: 10.03.1-10.03.3.

Peter, T., Anderson, E., Burridge, M. & Mahan, S. (1997) Heartwater carrier status in
wild African ruminants. Epidémiol. Santé Anim. 31-32: 01.09.1-01.09.2.

Peter, T., O’Callaghan, C., Perry, B., Medley, G. & Mahan, S. (1997) Application of PCR
in heartwater epidemiology. Epidémiol. Santé Anim. 31-32: 12.20.1-12.20.3.

Allan, S.A., Simmons, L.A. & Burridge, M.J. (1998) Establishment of the tortoise tick
Amblyomma marmoreum (Acari: Ixodidae) on a reptile-breeding facility in Florida. J.
Med. Entomol. 35: 621-624.

Allan, S.A., Barré, N., Sonenshine, D.E. & Burridge, M.J. (1998) Efficacy of tags
impregnated with pheromone and acaricide for control of Amblyomma variegatum. Med.
Vet. Entomol. 12:141-150.

Mabhan, S.M., Kumbula, D., Burridge, M.J. & Barbet, A F. (1998) The inactivated
Cowdria ruminantium vaccine for heartwater protects against heterologous strains and
against laboratory and field tick challenge. Vaccine 16:1203-1211.

Mahan, S.M., Peter, T.F., Semu, S.M., Simbi, B.H., Norval, R.A.I. & Barbet, A.F. (1998)
A comparison of susceptibility of Amblyomma hebraeum and Amblyomma variegatum to
infection with five Cowdria ruminantium strains. Pages 320-322 in Proceedings of
Second International Conference on Tick-borne Pathogens at the Host-Vector Interface,
vol. 2 (L. Coons, M.Rothschild, eds.). United Litho, South Africa.

Mahan, $.M., Peter, T. F., Simbi, B.H. & Burridge, M.J. (1998) PCR detection of
Cowdria ruminantium infection in ticks and animals from heartwater-endemic regions of
Zimbabwe. Ann. New York Acad. Sci.

849 : 85-87.

Mahan, S.M., Semu, S.M., Peter, T. F. & Jongejan, F. (1998) Evaluation of the MAP-1B
ELISA for cowdriosis with field sera from livestock in Zimbabwe. Ann. New York Acad.
Sci. 849 :259-261.

Mukhebi, A.W., Laker, C.D., Meltzer, M 1., Perry, B.D., Mahan, S. & Chamboko,
T.(1998) Assessing the economics of alternative heartwater control strategies in
Zimbabwe. Pages 472-480 in Proceedings of Second International Conference on Tick-
bome Pathogens at the Host-Vector Interface, vol. 2 (L. Coons, M. Rothschild, eds.).
United Litho, South Africa.

Mwangi, D.M., Mahan, S.M., Nyanjui, J.K., Taracha, E.L.N. & McKeever, D.J. (1998)
Immunization of cattle by infection with Cowdria ruminantium elicits T lymphocytes that
recognize autologous, infected endothelial cells and monocytes. Infection Immun. 66 :
1855-1860.

Mwangi, D.M., McKeever, D.J. & Mahan, S.M. (1998) Cellular immune responses of
cattle to Cowdria ruminantium. Pages 309-315 in Modulation of the Immune Response to
Vaccine Antigens (F. Brown, L.R. Haaheim, eds.), Developments in Biological
Standardization, vol. 92. Karger, Basel, Switzerland.



112.

113.

114.

115.

116.

117.

118,

119.

120.

121.

122.

123.

124.

-17-

Mwangi, D. M., McKeever, D. J., Nyanjui, J.K., Barbet, A. F. & Mahan, S. M. (1998)
Major Antigenic Proteins 1 and 2 of Cowdria ruminantium are targets for T-lymphocyte
responses of immune cattle. Ann. New York Acad. Sci. 849 : 372-374.

Nyika, A., Mahan, S.M., Burridge, M.J., McGuire, T.C., Rurangirwa, F. & Barbet, A.F.

(1998) A DNA vaccine protects mice against the rickettsial agent Cowdria ruminantium.
Parasite Immunol. 20: I11-119.

O’Callaghan, C.J., Medley, G.F., Peter, T.F. & Perry B.D. (1998) Investigating the
epidemiology of heartwater (Cowdria ruminantium infection) by means of a transmission
dynamics model. Parasitology 117: 49-61.

Perry, B. D., Chamboko, T., Mahan, S. M., Medley, G. F., Minjauw, B., O’Callaghan, C.
J. & Peter, T. F. (1998) The economics of integrated tick and tickborne disease control on
commercial farms in Zimbabwe. Zimbabwe Vet. J. 29: 21-29.

Peter, T.F., Anderson, E.C., Burridge, M.J. & Mahan, S.M. (1998) Demonstration of a
carrier state for Cowdria ruminantium in wild raminants from Africa. J. Wildl. Dis. 34:

567-575.

Peter, T.F., Mahan, S.M., Barbet, A. F., Norval, R.A.L. & Burridge, M.J. (1998) The
ability of carrier cattle to serve as reservoirs of Cowdria ruminantium infection for
Amblyomma hebraeum ticks. Pages 185-188 in Proceedings of Second International
Conference on Tick-borme Pathogens at the Host-Vector Interface, vol. 2 (L. Coons, M.
Rothschild, eds.). United Litho, South Africa.

Peter, T.F., Perry, B.D., O’Callaghan, C.J., Medley, G.F., Shumba, W., Madzima, W.,
Burridge, M.J., & Mahan, S.M. (1998) The distribution of heartwater in the highveld of
Zimbabwe, 1980-1997. Onderstepoort J. Vet. Res. 65:177-187.

Peter, T.F., Perry, B.D., O’Callaghan, C.J., Medley, G.F., Shumba, W., Madzima, W.,
Burridge, M.J. & Mahan, S.M. (1998) Distributions of the vectors of heartwater,
Amblyomma hebraeum and Amblyomma variegatum (Acari: Ixodidae), in Zimbabwe.
Exp. Appl. Acarol. 22: 725-740.

Reddy, G.R., Sulsona, C. R., Barbet, A. F., Mahan, S. M., Burridge, M. 1. & Alleman, A.
R. {1998) Molecular characterization of a 28 kDa surface antigen gene family of the
tribe Ehrlichiae. Biochem. Biophys. Res. Commun. 247 : 636-643.

Savadye, D.T., Kelly P.J. & Mahan, S.M. (1998) Evidence to show that an agent that
cross-reacts serologically with Cowdria ruminantium in Zimbabwe is transmitted by
ticks. Exp. Appl. Acarol. 22:111-122.

Smith, G.E., Anderson, E.C., Burridge, M.J., Peter, T. F. & Mahan, S.M. (1998) Growth
of Cowdria ruminantium in tissue culture endothelial cell lines from wild African
mammals. J. Wildl. Dis. 34: 297-304.

Sonenshine, D.E., Norval, R.A.L, Allan, S.A. & Burridge, M.J. (1998) Development and
testing of the tail-tag decoy for control of Amblyomma variegatum and Amblyomma
hebraeum ticks on cattle. Pages 363-371 in Proceedings of Second Intemational
Conference on Tick-borne Pathogens at the Host-Vector Interface, vol. 2 (L. Coons, M.
Rothschild, eds.). United Litho, South Africa.

Totté, P., McKeever, D., Jongejan, F., Barbet, A., Mahan, S. M., Mwangi, D. & Bensaid,
A. (1998) Analysis of cellular responses to native and recombinant proteins of Cowdria
ruminantium. Ann. New York Acad. Sci. 849 : 155-160.



125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

-18-

Barbet, A.F., Ganta, R.R., McGuire, T.C., Burridge, M.J., Nyika, A., Rurangirwa, FR. &
Mahan, S.M. (1999) Nucleic acid vaccines against rickettsial diseases and methods of
use. South African patent no. 97/9320.

Bowie, M. V., Reddy, G.R., Semu, S. M., Mahan, S. M. & Barbet, A. F. (1999} Potential
value of Major Antigenic Protein 2 for serological diagnosis of heartwater and related
ehrlichial infections. Clin. Diagn. Lab. Immunol. 6:209-215.

Chamboko, T., Mukhebi, A.W., O’Callaghan, C.J., Peter, T.F., Kruska, R.L., Medley,
G.F., Mahan, SM. & Perry, B.D. (1999) The control of heartwater on large-scale
commercial and smallholder farms in Zimbabwe. Prev. Vet. Med. 39:191-210.
Chamboko, T., Mukhebi, A.W., O’Callaghan, C.J., Peter, T.F., Kruska, R.L., Medley,
G.F., Mahan, S.M. & Perry B.D. (1999) Heartwater and the economics of livestock
production on large scale commercial and smallholder farms in Zimbabwe. Rev. Elev.
Med. Vet. Pays Trop. 52: 313-323.

Mahan, S.M. (1999) The development of vaccines against economically important tick-
borne diseases of domestic ruminants in Zimbabwe. Trans. Zimbabwe Sci. Assoc. 73:
10-15.

Mahan, S.M., Allsopp, B., Kocan, K.M., Palmer, G.H. & Jongejan, F.(1999) Vaccine
strategies for Cowdria ruminantium infections and their applications to other ehrlichial
infections. Parasitol. Today 15: 290-294.

Martinez, T.A., Meltzer, ML, Perry, B.D., Burridge, M.J. & Mahan, SM. (1999) The
effect of subclinical experimental Cowdria ruminantium infection on the health and
reproductive performance of breeding ewes. Prev. Vet. Med. 41:89-103.

Martinez, T.A., Meltzer, M.L, Perry, B.D., Burridge, M.J. & Mahan, SM. (1999) The
effect of subclinical Cowdria ruminantium infection in ewes on the growth and milk
consumption of pre-weaning lambs. Prev. Vet. Med. 41: 105-118.

Mukhebi, A.W., Chamboko, T., O’Callaghan, C.J., Peter, T.F., Kruska, R.L., Medley,
G.F., Mahan, S.M. & Perry, B.D. (1999) An assessment of the economic impact of
heartwater (Cowdria ruminantium infection) and its control in Zimbabwe. Prev. Vet.
Med. 39:173-189.

O’Callaghan, C. J., Medley, G. F., Peter, T. F., Mahan, S. M., & Perry, B. D. (1999)
Predicting the effect of vaccination on the transmission dynamics of heartwater (Cowdria
ruminantium infection). Prev. Vef. Med. 42: 17-38.

Peter, T. F., Anderson, E. C., Burridge, M. J., Perry, B.D. & Mahan, S. M. (1999)
Susceptibility and carrier status of impala, sable and tsessebe for Cowdria ruminantium
infection (heartwater). J. Parasitol. 85: 468-472.

Peter, T. F., Bryson, N.R., Perry, B.D., O’Callaghan, C.J., Medley, G.F., Smith, G.E.,
Mlambo, G., Horak, L.G., Burridge, M. J. & Mahan, S. M. (1999) Cowdria ruminantium
infection in ticks in the Kruger National Park. Vet. Rec. 145:304-307.

Peter, T. F., Perry, B. D, O’Callaghan, C. J., Medley, G. F., Mlambo, G., Batbet, A.F. &
Mahan, S. M. (1999} Prevalence of Cowdria ruminantium infection in Amblyomma
hebraeum ticks from heartwater-endemic areas of Zimbabwe. Epidemiol. Infection 123:
309-316.

Reddy, G.R. & Streck, C.P. (1999) Variability in the 28-kDa surface antigen protein
multigene locus of isolates of the emerging disease agent Ehrlichia chaffeensis suggests
that it plays a role in immune evasion. Mol. Cell Biol. Res. Commun. 1:167-175.



139.

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

-19-

Simmons, W.C., Burridge, M.]., Allan, S.A. & Simmons, L.A. (1999) Materiais and
methods for applying pest control materials to animals. U.S. patent no 5,911,196.
Sulsona, C.R., Mahan, S.M. & Barbet, A.F. (1999) The map1 gene of Cowdria
ruminantium is a member of a multigene family containing both conserved and variable
genes. Biochem. Biophys. Res. Commun. 257:300-305.

Totie, P., Bensaid, A., Mahan, S.M., Martinez, D. & McKeever, D.J. (1999) Immune
response to Cowdria ruminantium infections. Parasitol. Today 15: 286-290.

Barbet, A.F., Ganta, R.R., Burridge, M.J. & Mahan S.M. (2000) Nucleic acid vaccines
against rickettsial diseases and methods of use. U.S. patent no. 6,025,338.

Barbet, A.F., Ganta, R.R., McGuire, T.C., Burridge, MLJ., Nyika, A., Rurangirwa, FR. &
Mahan, S.M. (2000) Nucleic acid vaccines against rickettsial diseases and methods of
use. Zimbabwe patent no. 24/99.

Bayless, M.K. & Simmons, L.A. (2000) Tick parasites on the rock monitor lizard
(Varanus albigularis Daudin, 1802) of Tanzania, Africa. Afr. J. Ecol. 38: 363-364.
Bryson, N.R., Horak, 1.G., Venter, E.H. & Mahan, S.M. (2000) The use of the attraction-
aggregation-attachment-pheromone/carbon dioxide trap to collect free-living, unfed adult
and nymphal Amblyomma hebraeum at a communal grazing area in South Africa. Pages
195-198 in Proceedings of the 3rd International Conference “Ticks and Tick-bome
Pathogens: Into the 21st Century “(M. Kazimirova, M. Labuda & P.A. Nuttall, eds).
Institute of Zoology, Slovak Academy of Sciences, Bratislava, Slovakia.

Burridge, M.J. (2000} Risks of introduction of heartwater into the U.S. associated with
importations of reptiles and wild game animals from Africa. Pages 435-442 in
Proceedings of 104th Annual Meeting of United States Animal Health Association.
Carter Printing Company, Richmond, Virginia, USA.

Burridge, M.J., Simmons, L.A. & Allan, S.A. (2000} Introduction of potential heartwater
vectors and other exotic ticks into Florida on imported reptiles. J. Parasitol. 86: 700-704.
Burnidge, M.J., Simmons, L.A., Simbi, B.H., Peter, T.F. & Mahan, S.M. (2000) Evidence
of Cowdria ruminantium infection (heartwater) in Amblyomma sparsum ticks found on
tortoises imported into Florida. J. Parasitol. 86: 1135-1136.

Burridge, M.J., Simmons, L.A. & Simmons, W.C. (2000) Materials and methods for
applying a treatment to animals. U.S. patent no. 6,152,082.

Byrom, B., Barbet, A.F., Obwolo, M. & Mahan, S.M. (2000) CD8+ T cell knockout mice
are less susceptible to Cowdria ruminantium infection than athymic, CD4+ T cell
knockout mice and normal C57BL/6 mice. Vet. Parasitol. 93: 159-172.

Byrom, B, Obwolo, M., Barbet, A.F. & Mahan, S.M. (2000) A polarized Thl type
immune response to Cowdria ruminantium is detected in immune DBA/2 mice. J.
Parasitol. 86: 983-992.

Mahan, S.M., Peter, T.F., Simbi, B.H., Kocan, K., Camus, E., Barbet, A.F. & Burridge,
M.J. (2000) Comparison of efficacy of American and African Amblyomma ticks as
vectors of heartwater (Cowdria ruminantium) infection by molecular analyses and
transmission trials. J. Parasitol. 86: 44-49.

Minjauw, B., Perry, B.D., Randolph, T., McDermott, J. & Kruska, R. (2000)
Identification of circumstances in which heartwater has a major economic impact for the
livestock industry in southern Africa. Pages 139-142 in Proceedings of the 3rd
International Conference “Ticks and Tick-borme Pathogens: Into the 21st Century “(M.
Kazimirova, M. Labuda & P.A. Nuttall, eds). Institute of Zoology, Slovak Academy of
Sciences, Bratislava, Slovakia.



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

-20-

Peter, T.F., Barbet, A.F., Alleman, A. R., Simbi, B.H., Burridge, M.J. & Mahan, S.M.
(2000) Detection of the agent of heartwater, Cowdria ruminantium, in Amblyomma ticks
by PCR: validation and application of the assay to field ticks. J. Clin. Microbiol. 38:
1539-1544,

Peter, T.F., Burridge, M.J., & Mahan, S.M. (2000) Competence of the African tortoise
tick, Amblyomma marmoreum (Acari: Ixodidae), as a vector of the agent of heartwater
(Cowdria ruminantium). J. Parasitol. 86: 438-441.

Shompole, S., Rurangirwa, F.R., Wambugu, A., Sitienei, J., Mwangi, D.M., Musoke,
A.J., Mahan, S.M., Wells, C.W. & McGuire, T.C. (2000) Monoclonal antibody binding to
a surface exposed epitope on Cowdria ruminantium that is conserved among eight strains.
Clin. Diagn. Immunol. Lab. 7: 983-986.

Simmons, L.A. & Burridge, M.J. (2000) Introduction of the exotic ticks Amblyomma
humerale and Amblyomma geoemydae into the United States on imported reptiles. Int. J.
Acarol. 26: 239-242.

Sonenshine, D, E., Allan, S. A, Peter, T.F., McDaniel, R. & Burridge, M. J. (2000) Does
geographic range affect the attractant-aggregation-attachment pheromone of the tropical
bont tick, Amblyomma variegatum? Exp. Appl. Acarol. 24: 283-299.

Wozniak, E.J., DeNardo, D., Burridge, M.J., Walker, D.H. & Funk, R.S. (2000)
Ectoparasites. J. Herpetol. Med. Surg. 10: 15-21.

Allan, S. A., Simmons, L. A. & Burridge, M. J. (2001) Ixodid ticks on white-tailed deer
and feral swine in Florida. J. Vector Ecol. 26: 93-102.

Barbet, A.F., Ganta, R.R., McGuire, T.C., Burridge, M.J., Nyika, A., Rurangirwa, F.R.,
Mahan, S.M., Bowie, M.V. & Alleman, A.R. 2001. Nucleic acid vaccines for Ehrlichia
chaffeensis and methods of use. U.S. patent no. 6,251,872.

Barbet, A.F., Whitmire, W.M., Kamper, S.M., Simbi, B.H., Ganta, R.R., Moreland, A.L.,
Mwangi, D.M., McGuire, T.C. & Mahan, S.M. (2001) A subset of Cowdria ruminantium
genes important for immune recognition and protection. Gene 275: 287-298.

Burridge, M.J. (2001) Ticks (Acari: Ixodidae) spread by the international trade in reptiles
and their potential roles in dissemination of diseases. Bull. Entomol. Res. 91: 3-23.
Burridge, M.J. & Simmons, L.A. (2001) Control and eradication of exotic tick
infestations on reptiles. Pages 21-23 in Proceedings of the 8th Annual Conference of
Association of Reptilian & Amphibian Veterinarians in Orlando, Florida, U.S.A

Dumler, J.S., Barbet, AF., Bekker, C.P.J., Dasch, G.A,, Palmer, G.H., Ray, S.C,,
Rikihisa, Y. & Rurangirwa, F.R. (2001) Reorganization of genera in the families
Rickettsiaceae and Anaplasmataceae in the Order Rickettsiales: unification of some
species of Ehrlichia with Anaplasma, Cowdria and Ehrlichia with Neorickettsia,
descriptions of six new species combinations and designation of Ehrlichia equi and
“HGE agent” as subjective synonyms of Ehrlichia phagocytophila. Int. J. Syst. Evol.
Microbiol. 51: 2145-2165.

Mahan, S.M., Smith, G.E., Kumbula, D., Burridge, M.J. & Barbet, A.F. (2001) Reduction
in mortality from heartwater in cattle, sheep and goats exposed to field challenge using an
inactivated vaccine. Vet. Parasitol. 97: 295-308.

Peter, T.F., Mahan, S.M. & Burridge, M.J. (2001) Resistance of leopard tortoises and
helmeted guineafowl to Cowdria ruminantium infection (heartwater). Vet. Parasitol. 98:
299-307.



168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

-21-

Semu, S. M., Peter, T. F., Mukwedeya, D., Barbet, A. F., Jongejan, F., & Mahan, S. M.
(2001) Antibody responses to MAP 1B and other Cowdria ruminantium antigens are
down regulated in cattle challenged with tick-transmitted heartwater. Clin. Diagn. Lab.
Immunol. 8: 388-396.

Simmons, L.A., Burridge, M.J. & Simmons, W.C. (2001) Materials and methods for
applying a treatment to animals. U.S. patent no. 6,216,639.

Harrus, S., Alleman, A.R., Bark, H., Mahan, S.M. & Waner, T. (2002) Comparison of
three enzyme-linked immunosorbant assays with the indirect immunofluorescent antibody
test for the diagnosis of canine infection with Ehrlichia canis. Vet. Microbiol. 86: 361-
368.

Mahan, S.M., Barbet, A.F., Burridge, M.J & Smith, G. E. (2002) Materials and methods
for prevention or reduction of the severity of heartwater. U.S. patent no. 6,342,230.
Mahan, S.M., Barbet, AF., Burridge, M.J & Smith, G. E. (2002) Materials and methods
for prevention or reduction of the severity of heartwater. Zimbabwe patent no 57/2000.
Mwangi, D.M., McKeever, D.J., Nyanjui, J.K, Barbet, A F. & Mahan, S.M. (2002)
Immunisation of caitle against heartwater by infection with Cowdria ruminantium elicits
T lymphocytes that recognise major antigenic proteins 1 and 2 of the agent. Vet.
Immunol. Immunopathol. 85: 23-32.

Nyika, A., Barbet, A.F., Burridge, M.J. & Mahan, S.M. (2002) DNA vaccination with
map] gene followed by protein boost augments protection against challenge with
Cowdria ruminantium, the agent of heartwater. Vaccine 20: 1215-1225.

Peter, T.F., Burridge, M.J. & Mahan, S.M. (2002) E&rlichia ruminantium infection
(heartwater) in wild animals. Trends Parasitol. 18: 214-218.

Simmons, L.A. & Burridge, M.J (2002} Introduction of the exotic tick Amblyomma
chabaudi Rageau (Acari: Ixodidae) into Florida on imported tortoises. Florida Entomol.
85: 288-289.

Simmons, L.A., Stadler, C.K. & Burridge, M.J. (2002) Introduction of the exotic tick
Amblyomma helvolum Koch (Acari: Ixodidae) into the United States on imported snakes.
Int. J. Acarol. 28: 45-48.

Burridge, M., Peter, T.F., Allan, S.A. & Mahan, S.M. (in press) Evaluation of efficacy
and safety of acaricides for control of the African tortoise tick (dmblyomma marmoreum)
on leopard tortoises (Geochelone pardalis). J. Zoo. Wildl. Med.

Burridge, M.J. & Simmons, L.A. (in press} Spread of ticks and tickbomne diseases by the
international trade in live reptiles. In Proceedings of Animal Transportation Association
Conference, Toronto, Canada, 2001.

Burridge, M.J., Simmons, L.A., Peter, T.F. & Mahan, S.M. {(in press) Control and
eradication of chelonian tick infestations, with particular reference to vectors of
heartwater. Ann. New York Acad. Sci.

Burridge, M.J., Simmons, L.A., Peter, T.F. & Mahan, S.M. (in press) Increasing risks of
introduction of heartwater onto the American mainland associated with animal
movements. Ann. New York Acad. Sci.

Burridge, M.J., Simmons, L.A., Simbi, B.H., Mahan, S.M., Fournier, P.E. & Raoult, D.
(in press) Introduction of the exotic tick Amblyomma hebraeum into Florida on a human
host. J. Parasitol.



183.

22

Peter, T.F., O’Callaghan, C.J., Medley, G.F., Perry, B.D., Semu, S.M. & Mahan, S.M. (in
press) Population-based evaluation of the Ehrlichia ruminantium MAP-1B indirect
ELISA. Exp. Appl. Acarol.

In addition to its work in Africa on heartwater, the Project has been active for protecting

the United States and its livestock industries and wild ungulate populations from the introduction
of heartwater. Some of the ways in which the Project has helped in this task are listed below:

*

developed vaccine against heartwater for use in the event that the disease is introduced
developed PCR assay to screen animals, and in particular wild ungniates, imported from
Africa for C. ruminantium infection, with subsequent transfer of this diagnostic
technology to the U.S. Department of Agriculture

developed tick decoy technology to help eradicate heartwater tick vectors from the
Caribbean

developed methods for the control and eradication of heartwater tick vectors introduced
into the United States on imported reptiles

Patenting and Transfer of Technologies

In order to atiract the private sector to commercialization of the Project’s vaccines and

tick decoys, it was essential that these technologies be patented in the United States and certain
foreign countries, especially those in the SADC region. Consequently the Project has pursued a
number of patent applications and, thus far, the following 8 patents have been issued:

L.

2.

3.

"Attractant Decoy for Controlling Bont Ticks" by R.A.L Norval, D.E. Sonenshine, M.1. Meltzer,
M.]. Burridge & C.E. Yunker (U.S. patent no. 5,296,227) issued on 22 March 1994.

"Attractant Decoy for Controlling Bont Ticks" by R.A.L Norval, D.E. Sonenshine, M.1. Meltzer,
M.J. Burridge & C.E. Yunker (South Africa patent no. 93/4071) issued on 31 August 1994.
"Attractant Decoys for Controlling Bont Ticks and Other Pests" by R.A.L Norval, D.E.
Sonenshine, M.I. Meltzer, M.J. Burridge & C.E. Yunker (Zimbabwe patent no. 74/93) issued on

13 April 1995.

“Nucleic Acid Vaccines against Rickettsial Diseases and Methods of Use” by A.F. Barbet, R.R.
Ganta, T.C. McGuire, M.J. Burridge, A. Nyika, F.R. Rurangirwa & S.M. Mahan (South Africa
patent no. 97/9320) granted on 26 May 1999,

“Nucleic Acid Vaccines against Rickettsial Diseases and Methods of Use” by A.F. Barbet, R.R.
Ganta, M.J. Burridge & S.M. Mahan (U.S. patent no. 6,025,338) issued on 15 February 2000.
“Nucleic Acid Vaccines against Rickettsial Diseases and Methods of Use” by A.F. Barbet, R.R.
Ganta, T.C. McGuire, M.J. Burridge, A. Nyika, F.R. Rurangirwa & S.M. Mahan (Zimbabwe
patent no. 24/99) issued on 28 April 2000.

“Materials and Methods for Prevention or Reduction of the Severity of Heartwater” by S.M.
Mahan, A.F. Barbet, M.J. Burridge & G.E. Smith (U.S. patent no. 6,342,230) issued on 29
January 2002 (cell culture deposited in National Bank for Industrial Microorganisms and Cell
Cultures in Sofia, Bulgaria, in 1998 as accession no. 3568).

“Materials and Methods for Prevention or Reduction of the Severity of Heartwater” by S.M.
Mahan, A.F. Barbet, M.J. Burridge & G.E. Smith (Zimbabwe patent no. 57/2000) issued on 1
April 2002.
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Patenting of the Project’s technologies has led to considerable interest in their

commercialization, and Intervet International has signed an option agreement with UF to
commercialize the inactivated vaccine for heartwater and is currently negotiating a second option

agreement with UF to commercialize the tick decoy technology.

COMMENTS AND RECOMMENDATIONS REGARDING UNFINISHED WORK AND
PROGRAM CONTINUATION

1. The Inactivated Vaccine for Heartwater

This first-generation vaccine has been successfully tested in the field to the extent that
Intervet International, the largest manufacturer of large-animal vaccines in the world, has signed
an option agreement to commercialize the vaccine. Funding needs to be identified to complete
commercialization of the inactivated vaccine so that it reaches the marketplace in the SADC
region without any undue delay. To this end, a USAID Global Development Alliance (GDA)
proposal has been submitted for funding.

2. The DNA Vaccine for Heartwater

This second-generation recombinant vaccine has the promise to be the most cost-effective
and sustainable vaccine for heartwater. Funding needs to be identified to complete development
of the DNA vaccine. To this end, a proposal is being developed with the United Nations
Economic Commission for Aftrica.

3. The Tick Decoy Technology

This mnovative method for tick control has been successfully tested in the field to the
extent that Intervet International is negotiating an option agreement to commercialize this
technology. Again, funding is needed to complete commercialization of the tick decoy
technology so that it reaches the marketplace in the SADC region without any undue delay. To
this end, a USAID GDA proposal has been submitted for funding.



