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NARRATIVE SUMMARY OF ACCOMPLISHMENTS AND UTILIZATION
 

A group of blood diseases, primarily of cattle, transmitted by ticks
 
and other biting insects, were selected for study-because-of their world­
wide incidence and importance. The causative agents involved in these
 
diseases, closely resemble similar infections of horses, sheep, and swine,
 
as well as man, so that studies and accomplishments may actually have
 
broader application than to just cattle.
 

Our research has been directed toward increasing the efficiency of
 
cattle production through improved methods for the control of babesiosis,
 
anaplasmosis and trypanosomiasis. Opportunities for the development of
 
new methods for disease control become apparent through the better under­
standing of each disease. The techniques of epidemiology, microbiology,

pathology and immunology facilitate the understanding and provide the tools
 
for improved control.
 

A survey of these diseases and their incidence in Colombia, clearly
 
demonstrated the presence of problem areas. The high incidence of these
 
blood diseases throughout Colombia below the 5,000 foot elevation estab­
lishes and identifies the problem. The trends and incidence of infection
 
are believed consistant throughout the tropics where elevation, and rain­
fall are similar. Studies of pathologic changes and the pathogenesis of
 
infection has further established the importance of these diseases, and
 
indicated what may be expected when infection occurs. Vectors including

flies and ticks have been studied with respect to their role in the epi­
demiology of these blood diseases.
 

Progress in developing methods for improved control has been signifi­
cant. Diagnostic serologic tests have been developed, and adapted for use
 
in Colombia enabling us to identify infection in non-apparent carriers,

thus better understanding incidence, and the interaction of the causative
 
agents.
 

Vaccines have been tested, and some have resulted in the establishment
 
of immunization regimes which offer the hope of significantly reducing live­
stock losses from anaplismosis and babesiosis. A study of the use of an
 
integrated control program for blood, internal, and external parasites of
 
cattle on the North Coast of Colombia (ICA - Turipana - Alt. 70 ft.) has
 
demonstrated reduced production losses and increased net monetary returns.
 

New and effective therapeutic compounds have been and are-being tested
 
against both anaplasmosis and babesiosis. One drug (4A65) has been shown
 
to be effective against both anaplasmosis and babesiosis. Two or 3 injec­
tions with this drug may replace the previous 12 injection series, or a 60
 
day feeding period. These results are so recent, however that confirming
 
data will be required before widespread use can be recommended.
 

The shortage of U.S. veterinarians with training and experience in
 
this area dictated a second phase of our program, that of graduate training
 



to develop the capability and interest in careers devoted to solving the
 
disease problems of the tropics. A total of 10 U.S. graduate students
 
have enrolled in this program since its beginning, 7 in microbiology, 2 in
 
pa,:hology, and 1 in parasitology. Two students have completed the Masters
 
program, and one the Ph.D. program. Two are currently working on the Ph.D.
 
degree, and 5 on the Masters degree. The approach whereby these students
 
complete their course work in the U.S. and do their research in Colombia
 
has worked well. 
 An added phase of our training program in Colombia has
 
been the supervision of students from South American countries both in
 
Colombia by staff stationed there, and in the U.S. by Texas A&M staff.
 
The broad range of participation on the part of student and staff, both
 
from the United States and South America has established a rapport which
 
has strengthened the veterinary programs in both Colombia and at Texas A&M.
 



GENERAL BACKGROUND
 

Disease control is a basic pre-requisite for livestock survival and
 

production in any locale, but becomes a major consideration and a decisive
 

factor in the tropics, where environmental factors favor the development
 

and transmission of animal disease. Historically the validity of this
 

statement has been established in nearly every instance where high pro­

ducing livestock have been introduced into the tropics.
 

Many tropical and sub-tropical areas of the world are noted for pro­

fuse forage and roughage production, unsuited for human food but capable
 

of utilization by ruminant ungulates which can convert this resource into
 

a high quality protein for human consumption. This production could con­

tribute to the health and economic well being of millions of people now
 

living on marginal diets, under poverty conditions. A major limiting
 

factor, preventing livestock production, in these areas is animal disease.
 

A major group of these diseases comprise the blood parasitic diseases
 

of cattle including anaplasmosis, theileriasis (East Coast Fever), babesio­

sis (piroplasmosis), and trypanosomiasis. Wilson, et al. (Bulletin World
 

Health Organization, 28, 595-613) estimates that the area in Africa vir­

tually devoid of cattle, as the result of trypanosomiasis alone, exceeds
 

the size of the United States. He estimates that this area could support
 

125,000,000 head of cattle were it not for this devastating cattle disease.
 

Control of this disease plus the other blood parasitic diseases mentioned
 

above would produce an economic - social impact on the areas so affected,
 

that could hardly be measured. Such a step could rival, if not surpass,
 

the so-called "Green Revolution" that has so significantly contributed to
 

cereal grain production in recent years.
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Past research efforts have contributed greatly to our knowledge of
 

these diseases, but more information is needed to provide workable, practical
 

control programs.
 

It was with this background, that our original project was submitted
 

to AID for funding. The research proposal was aimed primarily at the ap­

plied, production oriented aspects, but in so doing it
was recognized that
 

basic studies would be required to provide the groundwork for applied tech­

niques. General objectives of our program were the following:
 

1. 	To develop diagnostic techniques for the purposes of identi­

fying the problem, and studying the epidemiologic aspects for
 

possible control procedures.
 

2. To develop immunization systems to curb losses, and reduce the
 

severity of infection.
 

3. 	To investigate therapeutic agents for their use in:
 

a. 	Treating sick animals and preventing death.
 

b. 	Eliminating the infeccion on a herd basis from both the
 

vertebrate and invertebrate hosts.
 

4. 	To develop an integrated control program based on scientific
 

facts uncovered by the above studies.
 

5. 	To enroll veterinarians in graduate programs in Tropical Vet­

erinary Medicine, for research on and application of disease
 

control techniques.
 

PROJECT OBJECTIVES
 

(As Submitted January 1968 With Minor Modifications)
 

1. 	To conduct research on tropical diseases aimed at developing
 

information and methods for the control of these diseases in
 

order to produce more beef in developing countries, with
 



-3­

initial emphasis on arthropod born blood diseases (anaplasmo­

sis, babesiosis, theileriasis, and trypanosomiasis).
 

A. 	Anaplasmosis (Specific Objectives).
 

a. 	To evaluate, under field conditions, vaccines presently
 
available.
 

b. 	To develop a more effective killed vaccine.
 
c. 	To evaluate premunization methods as a means of pro­

phylaxis.

d. 	To establish the cattle passages required for reversion
 

of the attenuated Anaplasma to virulence.
 
e. 	To measure possible antigenic variations among Anaplasma
 

organisms.
 
f. To investigate the prevalence of disease and natural
 

transmission by arthropod vectors.
 
g. 	To investigate the use of systemic insecticides and other
 

vector control measures as preventive measures.
 
h. 	To evaluate therapeutic compounds for treatment.
 
i. 	To conduct pathogenesis studies.
 

B. 	Babesiosis (Specific Objectives).
 
a. 	To develop an effective immunological approach.

b. 	To determine the prevalence of disease and the potential
 

number of vectors in various geographic areas.
 
c. To evaluate a tick eradication program as a means of
 

Babesia control.
 
d. 	To investigate various ixodicides in achieving tick control.
 
e. To measure the productivity of infected cattle as compared
 

to non-infected animals.
 
f. 	To evaluate therapeutic compounds and assess their relative
 

value in treating acute and chronic infections, and in eli­
minating the carrier state.
 

g. 	To develop serologic tests for the detection of latent
 
as well as acute infection.
 

h. To determine the antigenic variations of Babesia organisms,

by serologic and other means.
 

i. To determine the Babesia incidence in cattle.and wild fauna,
 
and the role of wild life in maintaining.infection.


J. 	To develop non-bovine sources of Babesia organisms from
 
ticks and tissue culture for use in vaccines.
 

k. 	To conduct pathogenesis studies.
 

C. Other related blood diseases, including Trypanosoma and Thei­
leria infections have been studied.
 

2. 	To train graduate students in research methods applicable to tropical
 

diseases and to collect information, specimens, and illustrations for
 

use 	in this training program.
 

3. 	To provide trained faculty and staff to operate veterinary programs
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in developing countries, and to serve as consultants to
 

related tropical disease problems.
 

CONTINUED RELEVANCE OF OBJECTIVES
 

Many of the objectives listed regarding anaplasmosis and babesiosis
 

have been accomplished, with techniques and information evolving which
 

offer hope for significant improvement in present control practices.
 

Even so, many important links in our complete understanding of these 2
 

diseases are missing and will require continued research.
 

As the research on babesiosis and anaplasmosis proceeds to the demon­

stration of methods which provide effective control more attention can be
 

given to trypanosomiasis, theileriasis or other parasitic diseases for
 

which control techniques are relatively inadequate.
 

ACCOMPLISHMENTS TO DATE
 

During the past year, studies have been made which contribute direct­

ly to the objectives as listed above and in addition some research has been
 

conducted on trypanosomiasis,
 

Anaplasmosis:
 

a. An integrated control pzogram for blood, internal, and external para­

sites of cattle on the North Coast (ICA - Turipana - Alt. 70 ft.) of
 

Colombia has increased production and a net monetary return. 
The study
 

involved the use of 78 indigenous 4 week old calves, randomly selected
 

and distributed into one control and three treatment groups. 
 Calves
 

(Group I) were injected 1 time with blood containing A. marginale, B. bi­

gemina and B, argentina followed by specific drug therapy to reduce the
 

severity of infection and encourage immunity against hemoparasitic diseases.
 

Calves (Group II)were treated twice with specific drug therapy to prevent
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hemoparasitic diseases, while calves in Groups III and C were not
 

treated against hemoparasites. Calves (Groups I, II,.and.III) were
 

given oral drugs against internal parasites and sprayed topically
 

against external parasites at 34 and 17 day intervals respectively,
 

while calves (Group C) were not treated. Twenty-two parameters were
 

measured in the experiment which had a duration of 257 days. The re­

sults of the total weight gains, net returns and mortality rates (%) 

are given in the table below.
 

I II III C Significance
No of Calves 19 
 20 20 19

Total Weight Gain (lbs) 6118 
 5854 4880 3236 P(0.01

Net Return (U.S. $)* 1480 1418 744
1149 P0.01

Mortality Rates 0 10
5 26.32

* Colombian market prices at P. $9.80/kg or U.S. $0.23/lb 

From these data, it is apparent that control programs for Groups I
 

and II are far superior to those of Groups III and C. When blood, interna:
 

and external parasites were controlled, highly significant net returns and
 

weight gains resulted. 
On the basis of this data itmay be concluded
 

that such control is economical and productive, yielding highly signifi­

cant net monetary returns.
 

b. 
 A serologic method has been developed to measure Anaplasma antigens
 

in small amounts. Using this technique it is now anticipated that a
 

more efficient approach will be possible to purify and detect antigens
 

for use in a killed vaccine,
 

c. 
 A detailed study has been completed, comparing premunization methods
 

involving virulent Anaplasma marginale, an attenuated A. marginale, and
 

A. centrale, in adult cattle, in intact calves, and splenectomized calves.
 

The attenuated A. marginale and A. centrale were equally mild in adult
 

cattle and in intact calves, however reactions in splenectomized calves
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were less severe with the attenuated A. marginale organism. 
Previous
 

studies have shown that complete protection follows the use of the
 

attenuated A. marginale, whereas protection is only partial or relative
 

following the use of A. centrale. 
There are A. marginale variants (such
 

as occur at Turipana, north coast of Colombia) which apparently will
 

overwhelm the attenuated A. marginale. 
In these areas the only satis­

factory premunition in the past has been produced by virulent A. marginale.
 

d. 
 An interesting and possibly highly significant observation has been
 

made relative to reversion of the attenuated A. marginale 
 Previous
 

studies have shown complete reversion after 12 serial passages in splen­

ectomized calves. 
Checks of remaining infectivity among adult cattle
 

vaccinated with the attenuated A. marginale 11 months previously, not only
 

showed the infection present but indicated the presence of an Anaplasma
 

equally as virulent as a field isolate of A. marginale. The implication
 

of this finding is that during the 11 months the attenuated organism
 

reverted to virulence without serial passage. 
If later experiments con­

firm this we might well expect that the attenuated A. marginale would be
 

capable of establishing infections equal in virulence and hence, protective
 

capabilities, to the normal.virulent field strain, but without the severe
 

acute infections which occur in the field strain.
 

f. 
 The horseflies Tabanus nigrovittatus, and T. sulcifrons, have been
 

used in transmission studies Anaplasma was isolated in the horsefly up
 

to 24 hours after feeding on.anAnaplasma infected calf.
 

g. See Anaplasmosis section a.
 

h. 
 A major effort has been made during the past year to more thoroughly
 

evaluate 2 new drugs which show promise as therapeutic agents for ana­

plasmosis, along with the more conventional tetracycline therapy. 
The
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following compounds have been used:
 

1. 	Gloxazone (Alpha Ethoxytehylgyoxal dithiosemaicrbazone) (356 C 61).
 

2. 	Imidocarb (3,3'-Bis-(2-imidazolin-2-yl)-carbanlilide dihydrochloride
 

(4A65).
 
3. 	Chlortetracycline and oxytetracycline.
 

The tetracyclines administered orally for 60 days or injected daily
 

for 10-14 days have been reported to eliminate Anaplasma infection 
in
 

intact cattle. In splenectomized calves our results were sporadic. The
 

tetracyclines while of proven value are time consuming, expensive, and
 

not 100% effective in eliminating infection. Gloxazone (356 C 61) given
 

alone, while active is inadequate to eliminate infection in subtoxic
 

Combined therapy, using 356 C 61 and oxytetracycline is highly
amounts. 


effective, and has consistently removed carrier infections in splenectomized
 

calves following only 3 I.V. treatments at 24 or 48 hour intervals at 
the
 

level of 11 mg/kg oxytetracycline and 5 mg/kg 356 C 61. Imidocarb (4A65)
 

given alone or in combination with 356 C 61 has proven effective in 
eli­

minating Anaplasma infection, but not without some toxic side effects.
 

2 mg/kg 4A65 and 5 mg/kg 356 C 61
An intramuscular (i/m) dose of 


5 mg/kg 4A65 and 2 mg/kg 356 C 61 gi .un on 3 successive days has
 or 


consistently eliminated Anaplasma infections in splenectomized
 

An i/m or s/c dose of 4, 5 or 6 mg/kg 4A65 given 3 times at 24
calves. 


or 48 hour intervals has also eliminated the infection, Results with
 

4A65 alone are however, more sporadic and success is less predictable.
 

Several old cows have died of acute nephrosis 28 to 34 days after treat­

ment with 4A65. We cannot at this time be certain that death was drug
 

related but there is evidence to suggest this. Further studies are in
 

progress.
 

Prevention by treatment has been explored using low levels of
 

chlortetracycline (0.1 mb/lb, and 0.5 mb/lb) added to the ration and
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administered orally. 
The lower level (0.I mg/ib) was unsatisfactory,
 

and even though the higher level (0.5 mg/lb) was effective it is doubtful
 

if it would be economically feasible. 
A monthly and weekly s/c injection
 

of 4A65 has been used in the presence of continuous exposure to evaluate
 

the possible use of this method of prevention. The monthly injections of
 

5 mg/kg 4A65 in 1 instance prevented infection, and in another instance
 

markedly reduced the severity of infection; this approach might prove use­

ful, however toxic problems must be evaluated.
 

i. 
 In tropical areas of Colombia, bovine anaplasmosis and babesiosis
 

occur with a high frequency of concurrent infections. These concurrent
 

infections exercerbates the severity of clinical illness as compared 
to
 

singular infection, and frequently lead to death, even in indigenous
 

cattle, 
The mechanism of dual infections is not known. 
Studies have been
 

made of the clinical disease, serologic response and pathologic manifesta­

tions of cattle concurrently infected with Anaplasma marginale and Babesia
 

bigemina. 
 The results indicate that a concurrent infection of anaplasmosis
 

and babesiosis have an additive effect in producing higher parasiteni<.,
 

more severe anemias and a higher mortality.
 

Raheslo-daftj
 

a. 
 Babesia bigemina was subjected to varying doses of gama radiation to
 

determine the influence of this treatment on the organisms ability to in­

duce infection and or immunity. 
Some calves receiving B. bigemina irradiated
 

at levels of 36-42 kRad did not develop progressive infections. Progressive
 

Babesia infections were prevented by exposure of 
the organism to 48 kRad
 

or higher. 
A degree of acquired resistance to infection with non-irradiated
 

B. bigemina developed in calves after I inoculation with B. bigemina
 

irradiated at 48-60 kRad. 
A standard dose of diluted or irradiated organisms
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could be of use as a vaccine to produce a low degree of infection of
 

cattle with a high degree of immunity without drug therapy.
 

b. 	 Vector studies have been and are continuing to be made in coopera­

tion with the U.S.D.A. - Division of Entomology Research, Kerrville, Texas,
 

at their sub-station in Nuevo Laredo, Mexico. An intact calf infested
 

with Boophilus microplus has been treated with 10 mg/kg, 4A65, at a
 

time when adult ticks were starting to feed. Preliminary evaluation of
 

results shows the drug to have no influence on the ticks feeding, on the
 

egg mass from engorged feubales, or on the viability of the resulting larvae.
 

A study was made of chronic wasting disease of cattle (Secadera) in
 

the Eastern plains of Colombia. Calves up to 6 months of age were not
 

affected. Cattle 7-18 months old, having this syndrome, showed a high
 

degree of correlation between their physical appearance and the presence
 

of blood and internal parasites, nutritional deficiencies, and poor
 

management. Incattle 19 months old and older, these same relationships
 

were noted but to a greater extent. Based on these studies Secadera is
 

thought to be a complex of several disease causing agents and poor manage­

ment, of which blood parasites are one of the foremost factors. Hemo­

parasite control would have a large impact on increasing beef production
 

in this tropical zone.
 

f. Treatment studies for babesiosis have been conducted using a Babesia
 

rodhaini model in mice. A total of 19 compounds or combinations of drugs
 

have been tested in mice for possible activity against Babesia. Three
 

compounds have shown activity, others were ineffective. Imidocarb in
 

addition to being effective against Babesia is also proving effective
 

against Anaplasma. The possibility exists that the rodhaini mouse
 

model might detect drugs having anaplasmacidal activities. Drugs that
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are 	effective against rodhaini will later be tested in calves as
 

treatments for anaplasmosis.
 

g. Babesia bigemina and Babesia argentina antigens were isolated from
 

infected red blood cells and are routinely used in a complement fixation
 

serologic test in our laboratory. The need is urgent for a rapid field
 

serologic test for the detection of babesiosis of cattle. Work is in
 

progress on a rapid card test (RCT) similar to that being used by the
 

USDA for anaplasmosis. Some preliminary results with the RCT were en­

couraging and methods to eliminate the inherent problems of specificity
 

are 	being studied.
 

h. 	 Cattle transported from one area to another will often suffer
 

attacks of blood diseases which are frequently fatal. A study was in­

itiated to measure the differences between the tick induced and laboratory
 

induced infections, The tick infections were isolated from the blood of
 

cattle infested with infective ticks. The laboratory type of Babesia
 

bigemina organisms was isolated from the blood of cattle infected by the
 

inoculation of blood. The laboratory type of organisms induced more
 

relapses, higher parasitemias and greater serologic response. 
The tick
 

induced infections retarded weight gains, produced more severe anemias,
 

and resulted in higher body temperatures. These preliminary studies
 

suggest that variations occur within the same species of organism. 
If
 

so, production of vaccines, should attempt to incorporate all types of
 

the same species of blood parasites.
 

Studies have been made of similar and dis-similar antigenic
 

characteristics of Babesia bigemina and Babesia argentina to determine
 

if one organism will protect against the other and vice versa. 
On the
 

basis of these experiments, two types of antigenic characteristics were
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found: (1)species specific or distinct antigenic characteristics for
 

each species of organism (2)common genus or similar antigenic charac­

teristics for both organisms. In addition, two groups of calves were
 

infected with Babesia bigemina and Babesia argentina respectively, and
 

176 	days after infection, they were challenged with the same and the
 

heterologous parasites. It was found that Babesia bigemina and Babesia
 

argentina parasites gave partial cross-protective immunity against one
 

another. Babesia argentina gave more protective immunity against B.
 

bigemina than the contrary, therefore singular vaccines for protection
 

against babesiosis should include B. argentina rather than B. bigemina.
 

i. 	 All efforts to infect deer with Babesia by tick or needle challenge
 

have been unsuccessful.
 

j. Because B. bigemina only lives and grows in either cattle or Boophilus
 

ticks, research efforts are limited due to the use of expensive cattle as
 

research animals. Tissue culture systems derived from the lymph nodes,
 

hemal lymph nodes and spleens of experimentally infected and non-infected
 

calves have been established by various techniques. The non-infected cat­

tle 	tissue culture systems were inoculated with cattle blood infected with
 

B. 	bigemina. Rudimentary evidence suggests that the organism survives and
 

possibly may even proliferate in tissue culture systems, inoculated with
 

blood infected with B. bigemina although the experiment is still in its
 

primary stages. Various attempts have been made to establish tissue
 

culture systems derived from infected Boophilus microplus larval ticks,
 

but none have been successful.
 

In order to circumvent the problems associated with the use of cattle
 

blood origin vaccines for blood diseases, a study is in progress to es­

tablish a source of viable Babesia argentina organisms from infected
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Boophilus microplus ticks. 
 All attempts to transmit babesiosis by tick
 
origin material have failed, probably due to the small numbers of in­
fective particles present in.the inoculum. 
Further studies are in
 

progress to produce higher Babesia infections of the ticks.
 

k. See Anaplasmosis, section i.
 

Trypanosomiasis:
 

A total of 64 serial passages of Trypanosoma theileri have been made on
 
blood agar slants. 
T. theileri has been successfully cultivated in tissue
 
culture media, and in embryonated eggs. An isolation of T. theileri has
 
been made in a splenectomized calf from a cow showing trypanosomes in blood
 
smears. 
Studies of the T. theileri incidence, have revealed this organism
 

to be widespread in Texas. Cultures made on blood agar slants from 235 cat­
tle in 6 vegetational areas of Texas have showed 63.4% to be positive for T.
 
theileri. Infection rates were much higher in animals over a year of age.
 

The prevalence, incidence and economic importance of trypanosomiasis
 

(T.vivax)to the Colombian cattle industry are unknown primarily due to in­
adequate detection techniques. Studies are in progress to develop a specific
 
serologic test and indirect fluorescent antibody technique, for the detection
 

of T. vivax, infections. 
This test is particularly practical because small
 
blood samples may be taken by pricking the skin and absorbed onto filter paper
 
for processing. 
In this manner, the samples may be sent to the laboratory in
 
a letter. Preliminary results from this serologic test indicate that it will
 
result in a 
useful detection system, which will be employed to delineate the
 

importance of cattle trypanosomiasis in Colombia.
 

SUPPORTING EVIDENCE
 

Attached to this report is Appendix IV and V which provides a detailed
 

description of the experimental work.
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RESEARCH DESIGN
 

The emphasis in Colombia is on babesiosis and trypanosomiasis with
 

minor considerations given anaplasmosis. 
In Texas the major emphasis is on
 

anaplasmosis and babesiosis with minor considerations given trypanosomaisis.
 

There have been 2 full time staff members living in Colombia, plus 3
 

to 5 Research Assistants (working for advance degrees), and 1 full time staff
 

member residing in Texas, engaged in research.
 

The work in both Colombia and Texas compliments the other, and contri­

butes a greater understanding and appreciation of the problem, by providing
 

an up to date exchange of information between all professional staff which
 

facilitates implementation of research findings and allows rapid confirmation,
 

or second party examination of research findings. Our present approach has
 

worked well, however there is room for improvement. An opportunity for the
 

research staff to assemble more frequently than the present annual review
 

would facilitate the exchange of information. Greater participation by re­

search staff in field trials both in Colombia and the U.S. might increase the
 

yield of information and accelerate progress.
 

The research approach is basically sound, and workable to the type work
 

engaged in. We are basically following the procedures and plans as outlined
 

in our previous proposals.
 

DISSEMINATION AND UTILIZATION OF RESEARCH RESULTS
 

A list of titles and abstracts of presentations made to scientific
 

gatherings and later published, aLnd other publications are listed in Appendix
 

I. The relationship of disease to productivity as applied primarily to this
 

project is presented in Appendix II.
 

The research capabilities established first at ICA, and later CIAT have
 

been used not only by our staff, but also by Colombian veterinarians and
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students working on similar problems and often in cooperation with our
 

team. 
This project has markedly stimulated local interest in these pro­

blems and has contributed to a better appreciation for what can and should
 

be done. 
 The Colombian government (ICA) has constructed a modern laboratory
 

at Turipana for the study of tropical hemotropic diseases.
 

Research reports, concerning the efficacy of 4A65 has stimulated company
 

officials (Burroughs Wellcome) to seek clearance from FDA for further experi­

mental field testing in the U.S. 
 Field trials based on premunition, and
 

treatment are underway in Colombia, utilizing past research experience.
 

The program has been fortunate in working with Colombian veterinarians
 

with common interests. 
There have been a large number of these people who
 

have worked with Texas A&M staff, as students, and associates both in Colom­

bia and Texas who continue to cooperate and assist in our program. 
These
 

men have been acknowledged and their work recognized in the 1971 and 1972
 

reports, for both Colombia and Texas,
 

STATEMENT OF EXPENDITURES AND OBLIGATIONS AND CONTRACTOR RESOURCES
 

Funds have been spent both in the U.S. and in Colombia for budgeted
 

items including manpower, equipment, travel, etc. In Colombia local expen­

ditures for local wages, travel, etc., 
are made by CIAT on our behalf, and
 

CIAT is periodically reimbursed from the AID account maintained at Texas A&M
 

by the Office of International Programs. 
All other pruchases, and staff
 

salaries (in Texas and Colombia) are handled through this office. 
Most items
 

of equipment and supplies for use in Colombia are first delivered to Texas
 

A&M for transhipment to Colombia. 
A possible improvement would be the pur­

chase of all equipment and supplies for use in Colombia, through CIAT, utili­

zing the CIAT purchasing and shipping agent in the U.S., with periodic
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reimbursement to CIAT. 
Such a plan might merit some thought and consideration
 

for the fdture.
 

During the past year the entire staff, previously living in Bogota were
 

moved to Cali, as a part of the transfer of our project from ICA (Instituto
 

Colombiano Agropecuario) to CIAT (Centro Internacional de Agricultura Tropical).
 

This has been a year of transition, with the need for establishing a new lab­

oratory, with new technical personnel, and labor force.
 

In the coming year it is anticipated that Dr. R. A. Todorovic will return
 

to the U.S. in July 1972, after almost 4 years in Colombia. Dr. Adams will
 

return in January 1973, after almost 5 years in Colombia. It is presently
 

anticipated that Dr. T. J. Galvin will be going to Colombia in August 1972,
 

and that Dr. D. E. Corrier will be going to Colombia in October 1972 or soon
 

thereafter. 
After their return to Texas, Drs. Adams and Todorovic will remain
 

on the project half time, with the other half of their time being taken by the
 

departments of Pathology and Microbiology for teaching. Drs. Maurer and Kut­

tler will remain in College Station,
 

A budget statement for 1971-72 outlining expenditures and obligations
 

for each of the major inputs and the major targets is given, see Appendix
 

III.
 

WORK PLAN AND BUDGET FORCAST FOR THE COMING YEAR
 

In general the programs at Texas A&M and Colombia will be oriented to­

ward the completion of present projects and utilization of past research
 

result; io evolve systems and techniques for the more efficient and econo­

mical control of hemotropic diseases of food producing ungulates.
 

Work in Colombia will include studies on all 3 major hemotropic diseases;
 

anaplasmosis, babesiosis, and trypanosomaisis, but with an emphasis on the
 

last two. 
 Personnel involved in these studies include 4 Research Assistants
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(Drs. Wyss, Platt, Craig and Thompson) and 4 staff members (Drs. Adams,
 

Todorovic, Galvin and Corrier).
 

Research on hemotropic diseases at Texas A&M in the past has been pro­

ductive, even though handicapped to some extent in that field studies on all
 

agents are impossible. 
Even though the pathogenic cattle Babesias and T.
 

vivax are not present in Texas, studies with Babesia, trypanosomes, and Ana­

plasma are in progress. 
In addition, studies are being conducted on a
 

Theileria, not known to be present in South America, but which is morpholo­

gically similar to the causative agent of East Coast Fever, occurring in
 

East Africa. 
Research emphasis is being placed on anaplasmosis, largely
 

because it is a local problem, field studies are possible and the agent is
 

readily available.
 

It is anticipated that data will be completed on the field trials at
 

Turipana in which tests are being made of immunization and therapeutic pro­

grams for control of the hemotropic diseases. A diagnostic test for trypan­

osomiasis may be available for use in field surveys, on large numbers of
 

samples. 
 The study of tissue culture growth of Babesia will be completed,
 

and the study of growth or the presence of Babesia organisms in tick tissues
 

will be completed.
 

Additional pathologic studies will be made of anaplasmosis, babesiosis
 

and trypanosomaisis. Work is continuing on tissue culture growth of Anaplasma,
 

and while as yet unsuccessful it is hoped that future work may be more en­

couraging. 
Work will proceed using the new therapeutic agents for treatment
 

of anaplasmosis and babesiosis. 
 It is anticipated that by the end of the
 

year some firm recommendations for control will be possible. 
Increased em­

phasis will be placed on the production of a more purified killed Anaplasma
 

vaccine. 
Future field trials will be conducted with the attenuated Anaplasma
 

vaccine.
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The movement of personnel from Colombia to Texas and their replacement
 

during the coming year will be a disruptive influence, but work continuity
 

will be encouraged by staggering these moves sok that we will not have all new
 

people at any one time, allowing those arriving in Colombia time to become
 

adjusted before the next new staff member arrives. Facilities at Texas A&M
 

may become cramped, with the added staff, but accomodations for this addition
 

will be made.
 

A budget statement for 1972-73 showing planned expenditures for eacL of
 

the major inputs and the major work targets is given, see Appendix III.
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KUTTLER, K. L., ZARAZA, H. AND ROBERTS, E. D.: Hematologic and Clinical
 
Response to Anaplasmosis Vaccines and the Comparative Efficacy of These
 
Vaccines,.As Mcasured by Field and Experimental Challenge. Proceedings
 
of the 5th National Anaplasmosis Conference. February 28-29, 1968, Still­
water, Oklahoma.
 

Twenty, 3-month-old calves were divided in 4 equal groups. Group 1
 
was inoculated with an attenuated Anaplasma marginale, group 2 received an
 
A. marginale adjuvant vaccine, group 3 was infected with virulent A. mar­
ginale followed by treatment, and group 4 remained as unvaccinated controls.
 
All animals were moved into an Anaplasma endemic zone 3 months later and al­
lowed to undergo natural field challenge. Evidence of acute anaplasmosis
 
was observed in all calves, except those premunized by virulent A. marginale.
 
No significant evidence of protection was produced by either the attenuated
 
A. marginale or the adjuvant vaccine when compared to the unvaccinated con­
trols. The group premunized with virulent A. marginale failed to respond to
 
natural exposure.
 

Hematologic response to virulent, attenuated and killed A. marginale
 
vaccines was measured in 18.mature cattle divided into 3 groups. The group
 
receiving virulent A. marginale was treated 25 days after infection (Burroughs
 
Wellcome Compound 356-C-61). No death losses occurred in this group, but
 
moderate infections were observed to result in a significant reduction of
 
PCV. The attenuated A. marginale vaccine produced a low level parasitemia,
 
a marked serological response, as measured by the complement-fixation test
 
(CF), and a very slight drop in PCV, which was not significantly different
 
from values observed in an unvaccinated, non-infected, control group. The
 
group receiving adjuvant vaccine showed only a low level, transient, CF
 
serological response.
 

An experimental challenge was administered 8 weeks after vaccination
 
to cattle receiving the attenuated and adjuvant vaccines along with a group
 
of 5 unvaccinated controls. All controls reacted to challenge with severe
 
acute signs of anaplasmosis. One animal was allowed to die, a second would
 
probably have died, had it not been treated. Cattle receiving the attenuated
 
vaccine showed no signs of active infection resulting from challenge. Cat­
tle receiving the adjuvant vaccine reacted to challenge, but less severely
 
than did the controls.
 

ZARAZA, H., KUTTLER, K. L. AND ROBERTS, E. D.: Efectos de la Descarga Natu­
ral de Anaplasma marginale en Terneros Vacunados y no Vacunados. Instituto
 
Colombian-Agropecuario, Revista ICA Vol., IV., No. 3 (September 1969).
 
(Spanish Translation of Above).
 

ZARAZA, H., KUTTLER, K. L.: Respuesta Hematologica y Clinica a Diferentes
 
Vacunas de Anaplasmosis y la Eficacia Comparative de estas, Evaluadas por
 
la Inoculacion Experimental. Revista ICA, Vol. III, No. 4, (Diciembre De
 
1968) 323-331. (Spanish Translation of Above).
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KUTTLER, K. L., ADAMS, L. G., 
AND ZARAZA, H.: An Epidemiologic and Geographic
Survey of Anaplasma marginale and Trypanosoma theileri in Colombia. 
106th
Annual AVAMA Convention, July 1969, Minneapolis, Minn., Journal of the
Veterinary Medical Association, 154, (June 1, 1969), 1398, (Abstr.).
 

Anaplasmosis complement-fixation tests, packed cell volumes, and stained
blood smears were made on 603 cattle located at 5 experiment station farms
in*Colombia. 
These farms were situated in differing climatic zones varying
from 2j600 
meters to 13 meters in altitude and from 13*C to 28
0C in mean
temperature. 
Specific reference was made to breed susceptibility, the in­fluence of age, and climatic condition on the incidence and severity of
 
infection.
 

A direct correlation was noted between mean temperature and incidence
of anaplasmosis. At 130C the incidence was nil, whereas at 28
0C over 90%
infection was noted. 
The mean temperature is directly associated with al­
titude.
 

Incidence of infection in enzootic areas was generally greater in older
animals, but the effect of infection as characterized by anemia was more
noticeable in young animals. 
The incidence of anaplasmosis in European
breeds did not appear greatly different when compared to native and Zebu cat­tle, but in 
some instances PCVs were significantly lower in European breeds.
This was most marked at the lower elevations.
 

Blood cultures for T. theileri from 71 cattle at 2 experiment stations
resulted in 
a pattern of infection similar to anaplasmosis. A high incidence
of infection was 
noted at the lower elevation with a high mean temperature

and no evidence of infection at 2,600 meters with a low mean temperature.
 

KUTTLER, K. L., ADAMS, L. G. AND ZARAZA, H.: 
 Estudio Epizootiologico del
Anaplasma marginale y et Trypanosoma theileri en Colombia. Revista ICA,
Vol. V., No. 2 (June, 1970) (Spanish Translation of Above).
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KUTTLER, K. L. AND ZARAZA, H.: A Preliminary Evaluation of a Dithiosemi­
carbazone for the Treatment of Anaplasmosis. Res. in Vet. Sci., 2,

(July 4, 1970), 334-338.
 

Trials were conducted on 3 splenectomized calves treated with a single

intravenous (i.v.) inoculation of a dithiosemicarbazone (356 C 61) using 5

mg./kg., at different stages of induced anaplasmosis infection. When com­
pared to an untreated control this compound was effective in reducing the
severity of the infection. Haematological response was least severe in the

animal receiving treatment before signs of parasitemia or a decrease in
 
packed cell volume had occurred.
 

Treatment with compound 356 C 61 (5mg./kg. i.v.) of 5 splenectomized

calves, and 6 intact adult cattle, early in the course of an artificially

induced Anaplasma marginale infection prevented death loss and reduced the
severity of the subsequent reaction when compared with non-treated controls.
 

KUTTLER, K. L. AND ADAMS, L. G.: 
 Comparative Efficacy of Oxytetracycline

and a Dithiosemicarbazone in Eliminating Anaplasma marginale Infection
 
in Splenectomized Calves. Res. in Vet. Sci., 2, (July 4, 1970), 339-342.
 

Comparisons between oxytetracycline and a dithiosemicarbazone (356 C
61) were made in 11 splenectomized, Anaplasma marginale infected calves.
 
Oxytetracycline was administered at the rate of 11 mg./kg. intravenously

(i.v.) for 5 and 10 consecutive days. 
Cimpound 356 C 61 was administered
 
at the rate of 5 mg/kg i.v. for 5 and 10 consecutive days.
 

Compound 356 C 61 appeared to be relatively more effective in the
treatment of anaplasmosis, as indicated by the relative increase in packed

cell volume (PCV) following treatment, and by the apparent elimination of
the carrier status in animals receiving the 10 daily treatments. Compound

356 C 61 administered daily for 10 consecutive days resulted in 
rumen atony,

tympanites and death.
 

ADAMS, L. G. AND KUTTLER, K. L.: Toxicity of Alpha-Ethoxyethylglyoxal

Dithiosemicarbazone in Cattle. Am. J. of Vet. Res., 31, 1493-1495,
 
(August 1970).
 

Alpha-ethoxyethylglyoxal dithiosemicarbazone, administered 10 con­secutive days at the dose rate of 5 mg./kg./day, caused axonal and myelin

degeneration of the vagus nerve in 2 of 7 calves. 
Of the 7 experimental

calves, 6 died of tympanites.
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KUTTLER, K. L.: Serial Passage of an Attenuated Anaplasma marginale in
 
Splenectomized Calves. Presented at the 1969 Annual Meeting of the USAHA,

Milwaukee, Wis., Proc. 73rd Ann. Meeting of the USAHA, Oct. 12-17, 1969,
 
Milwaukee, Wis., 131-135.
 

Twelve serial passages of an attenuated Anaplasma marginale were made
 
in splenectomized calves by blood inoculation. 
The severity of infection
 
produced at the twelfth passage level in 4 splenectomized calves was com­
pared to the infection occurring in 4 similar calves at a second passage

level. Significantly higher parasitemias and lower packed cell volumes
 
occurred in the twelfth passage group, suggesting an increased virulence.
 
No deaths occurred among animals of the second passage group whereas 1
 
of 4 died in the twelfth passage group.
 

KUTTLER, K. L. AND ZARAZA, H.: Premunization With an Attenuated Anaplasma

marginale. Presented at the 1969 Ann. Meeting of the USAHA, Milwaukee,
 
Wis., 104-112.
 

An attenuated Anaplasma marginale infection has been established in 21

calves and 12 mature cattle. The resulting infections were found to be
 
significantly less severe than virulent A. marginale in 12 calves and 5
ma­
ture cattle. A slightly milder response-to the attenuated A. marginale

occurred in calves at Bogota with a mean temperature of 14C-when compared

to calves similarily infected at Palmira with a mean temperature of 24°C.
 

Calves and mature cattle previously premunized with the attenuated or­
ganism appeared to be immune to virulent challenge using a Texas isolate of
 
A. marginale. Experimental and natural challenge with a Colombian isolate
 
resulted in evidence of acute anaplasmosis in both vaccinated and non­
vaccinated animals.
 

KUTTLER, K. L., GRAHAM, 0. H., AND JOHNSON, S. R.: Apparent Failure of
 
Boophilus annulatus to Transmit Anaplasmosis to White-Tailed Deer
 
(Odocoileus virginianus), J. of Parasit., 57, (June 1971), 657.
 

Transovarial transmission of anaplasmosis occurred when two splenecto­
mized calves were infested with unfed larvae of Boophilus annulatus but no
 
evidence of infection was detected in 2 intact white-tailed deer after they
 
were infested with other larvae of common origin. All attempts to isolate
 
Anaplasma marginale from the 2 deer by transfer of blood into splenectomized
 
calves were unsuccessful.
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CORRY, G, L., KUTTLER,.K. L.: Serological Activity of a Soluble Antigen of
 
Theileria cervi. 
 Submitted to "Experimental Parasitology".
 

Two basic cellular erythrocytic antigens were prepared from erythro­cytes obtained from a 
white-tailed deer (Odocoileus virginianus), infected

with Theileria cervi. 
The first antigen was prepared from erythrocytes

lysed by freezing, the second from erythrocytes lysed with distilled water.
The serologic activity as determined by the complement-fixation (CF) test
 
was greater in the antigen lysed by freezing. Both antigens when solubilized
 
at pH 7.2 using ultrasonic disintegration increased markedly in titer.
 

The two antigens were pooled and disrupted by ultrasonic disintegration
in buffered mediums, ranging from pH 5 to pH 11. 
 Optimal solubilization and

serologic activity as measured with the CF test was obtained at pH 11.
 

The antigen solubilized at pH 11, was used to determine antibody in sera
from infected deer by (CF) and by passive hemagglutination (PHA) tests.
tests resulted in similar but not identical antibody titres. 
Both
 

A gel diffusion test and a ring (interfacial) test, gave no valid results.
 

INDEX DESCRIPTORS: Theileria cervi effect of soluble antigen
 
on complement-fixation and passive hemagglutination.
 

Theileria cervi is a hemoparasite of the white-tailed deer (Odocoileus
virginianus), first described by Schaeffler (1961). 
 It was thought by
Marburger and Thomas (1965) and Robinson et al (1967) to be a contributing

factor of death losses among deer in Texas.
 

Other organisms of the same genus occur in different parts of the world,
where they cause diseases of varying severity in domestic and wild animals.
 

Laboratory diagnosis of these diseases depends primarily, on microscopic
detection of the parasites in stained smears. 
 Serologic tests have been de­
scribed by Schaeffler (1963), Kuttler and Robinson (1967), Kuttler et al (1967)
and Gadir et al (1970). The antigens used In these tests were, for "hemost
 
part, particulate. 
In this state, the cell membrane is most responsible for
antigenic and serologic activity with the internal structure of the parasite

cell not so greatly involved. It is not unreasonable to assume, that the
cytoplasm of the parasite cells contains a 
mosaic of antigens, which when
dispersed in molecular phase, i.e., when in solution are capable of more
specific or sensitive reactions. Such antigens could find wide use in 
sero­logic tests, and possibly prove of greater value in elucidating the antigenic

relationship of similar intraerythrocytic parasites.
 

The purpose of this work therefore, was to investigate the possibility
of establishing a 
method of obtaining a soluble antigen from the erythrocytic

stage of T. cervi, that would react with the homologous antibody in an in
 
vitro system.
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BISHOP, J. P. AND KUTTLER, K. L.: Infectivity and Immunogenicity of Irradiated
 
Babesia rodhaini. Submitted to "The Journal of Protozoology".
 

Babesia rodhaini parasitized mouse blood exposed to varied doses of gamma

radiation up to 30,000 r was inoculated Into mice. Mice inoculated with non­
irradiated B. rodhaini developed progressive infections and died 7 to 11 days

after inoculation. Mice infected with B. rodhaini parasitized blood exposed

to doses up to and including 22,000 r developed progressive parasitemias which
 
were delayed in comparison to mice inoculated with nonirradiated B. rodhaini.
 
Some mice receiving parasitized blood irradiated at 26,000 r did not develop

progressive parasitemias. Progressive infections were prevented by exposure

to irradiation at 30,000 r.
 

The results of two separate experiments revealed that one inoculation
 
of parasitized blood exposed to 30,000 r or higher apparently stimualted a
 
reststance to a challenge infection with nonirradiated parasitized blood.
 
While 20 out of 20 control mice died as a result of challenging infections,

9 out of 28 mice previously exposed to irradiated parasitized blood survived.
 

The injection of irradiated nonparasitized blood did not produce a

discernable acquired resistance to B. rodhaini. 
Presumably the irradiated
 
parasitized blood was responsible for the development of acquired-resistance
 
to B. rodhaini.
 

ZARAZA, H., AND KUTTLER, K. L.: Comparative Efficacy of Different Immuniza­
tion Systems Against Anaplasmosis. Trop. Ani. Hlth. & Prod., 3, (1971),

77-82.
 

Animal response to anaplasmosis vaccination was measured using an attenu­
ated organism, a killed adjuvant vaccine, and a 
virulent Anaplasma marginale.

A total of 7 calves (2-4 months of age) and 5 heifers (18 months of age) re­ceived the attenuated organism; 8 calves were given the adjuvant vaccine; 7
 
calves were premunized with virulent A. marginalo; and 7 calves remained as
 
non-vaccinated controls. 
The animals were vaccinated at Tibaitata on the

Bogota Savannah, and later moved to the north coast of Colombia, and anaplas­
mosis enzootic area.
 

All vaccination methods produced positive CF results. 
The live agents

resulted in low parasitaemias in most instances, although the attenuated or­
ganism was particularly mild in the younger animals.
 

Protection from field challenge was observed in all calves premunized

with virulent organism, and in two of five heifers premunized with the at­
tenuated organism. All other vaccinated animals developed anaplasmosis

which was equally as severe as seen in the non-vaccinated controls.
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KUTTLER, K. L,: 
 Efficacy of Oxytetracycline and a Dithiosemicarbazone in the
 
Treatment of Anaplasmosis. Am. J. of Vet. Res., 32, (September 1971),
 
1349-1352.
 

The combination of a dithiosemicarbazone (356 C 61) and oxytetracycline

proved more efficacious in the treatment of anaplasmosis than did.either drug

administered alone. 
The Anaplasma marginale carrier state in-splenectomized

calves was suppressed for as long as 120 days and was possibly eliminated
 
by 3 injections of 356 C 61 (5mg./kg.) and oxytetracycline (11 mg./kg.)
 
given simultaneously at 48-hour intervals.
 

KUTTLER, K. L., GRALAM, 0. H., JOHNSON, S. R., AND.TREVINO., J. L.: Unsuccess­
ful Attempts to Establish Cattle Babesia Infections in White-tailed Deer
 
(Odocoileus virginianus). J. of Wildlife Dis., 8, (Jan. 1972).
 

Attempts to induce a demonstrable cattle Babesia infection by.feeding

known infected ticks on two white-tailed (Odocoileus virginianus) deer were
 
unsuccessful. The injectionof known Babesia carrier blood into an intact
 
and a splenectomized deer failed to result in evidence of infection.
 

All deer were checked for.possible sub-patent-infections by inoculating

their bood into splenectomized calves at weekly intdrvals for 5 weeks fol­
lowing exposure, but no infections were produced in the calves.
 

Babesia infected ticks having undergone one generation on-deer.were
 
unable to transmit infection to splenectomized calves on the succeeding
 
generation.
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KUTTLER, K. L.: Combined Treatment With A Dithiosemicarbazone.and Oxytetra­
cycline to Eliminate Anaplasma marginale Infections in Splenectomized Calves.

Submitted to Research in Veterinary Science. Accepted for publication 1-3-72.
 

A total of 12 treatment schedules combining oxytetracycline and an

alpha-dithiosemicarbazone.(356 C 61) were tested on 36 splenectomized calves

carrying Anaplasma marginale infections. Anaplasma infection was eliminated

following the administration of 5 or 10 mg/kg 356 C 61 combined with 11 mg/kg

oxytetracycline, and given 3 times at 24 or 48 hour intervals. 
Treatments
 
employing lower levels, fewer injections, or at greater time intervals failed
 
to eliminate infection.
 

Treated, splenectomized calves failing to show evidence of an A. marglnale

relapsing infection within 62 days were found to be free of infection on the
basis of infectivity trials conducted an average of 87 days after treatment,

and by re-inoculation with A. marginale an average of 164 days after treatment.
 

KUTTLER, K. L.: Promising Therapeutic Agents for the Elimination of Anaplasma

marginale In the Carrier Animal. Presented at the 75th Ann. Mtg. -
USAHA -
Oklahoma City, Oklahoma, October 27, 1971 -
To be published in Proceedings.
 

Two new drugs, a-dithiosemicarbazone (356 C 61) and 3,3'-Bis(2.-imidezolin­
2-yl) - carbanilide dihydrochloride (4A65) have been successfully used to
treat splenectomized calves with anaplasmosis. 
Carrier infections were eli­
minated with 5 
or 10 mg/kg 356 C 61 and 11 rg/kg oxytetracycline when given

3 times at either a 24 or 48 hour interval. In addition 5 mg/kg 356 C 61
plus 2 mg/kg 4AA5 given 3 times at 24 hour intervals was effective in elimi­
nating A. marginale infections. Levels of 4 and 6 mg/kg of 4A65 given 3

times at 24 hour intervals has proven successful in eliminating A. marginale

infection.
 

KUTTLER, K. L.: Comparative Response of Premunization Using Attenuated

Anaplasma marginale, Virulent A. marginale and A. centrale in Different
 
Age Groups. Accepted for publication in Trop. Anim. Hlth. & Prod.
 

Premunizing infections using virulent Anaplasma marginale (VAM),

attenuated A. marginale (AAM) and A. centrale (AC) have been induced in

4 -ature cattle, 33 intact calves, and 38 splenectomized calves, for the
 
p, dose of comparing the relative response to these infections.
 

The VAM produced significantly more severe reactions in adult cattle,

and splenectomized calves, and a slightly more severe response in intact

calves; however, these animals were relatively more resistant to all three
 
infections. There was no detectable difference between the reactions caused

by AM', and ACwhen measured in adult cattle and intact calves. 
Among splen­
ectomized calves, however, the AAM infections resulted in a milder response

as measured by the relative drop in packed cell volume and percent parasitemia.

The CF response was significantly lower in the AC infection.
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CARSON, C. A.: An Antigenic and Serologic Comparison of Two Virulent Strains
 
and an Attenuated Strain of Anaplasma marginale. A Thesis submitted to the
 
Graduate College of Texas A&M University in partial fulfillment of the re­
quirement for the degree of Master of Science, August 1969.
 

An antigenic and serologic study was conducted using virulent strains
 
of Anaplasma marginale from Texas and Colombia and an attenuated strain of
 
Anaplasma marginale. Soluble antigens of the three A. marginale strains
 
were compared by agar gel diffusion and immunoelectrophoresis. Serum pro­
teins from calves infected with each of the three A. marginale strains were
 
separated electrophoretically and reacted with rabbit anti-bovine serum in
 
Immunoelectrophoresis systems.
 

No differences between the soluble antigens of the three A. marginale

isolates were detectable by agar gel diffusion. All three antigens moved
 
to the same mobility zone in agar gel electrophoresis systems and each an­
tigen formed an arc of precipitation when reacted with serum from calves
 
infected with homologous or heterologous strains of A. marginale.
 

A beta and a gamm serum protein component, not exhibited in normal
 
bovine serum, were present in the serums of animals infected with either
 
of the virulent A. marginale strains or the attenuated strain.
 

DALEY, C. A.: A Sequential Study of the Pathogenesis of Disease Caused by

Trypanosoma vivax in Experimentally Infected Calves, Utilizing Clinical,

Pathological, Histopathological and Immunofluorescent Techniques. A
 
Thesis submitted to the Graduate College of Texas A&M University in par­
tial fulfillment of the requirement fr the degree of Master of Science,
 
May 1971.
 

Trypanosoma vivax obtained from a clinically sick cow near Neiva, Colom­
bia, was pEssed in a sheep and a calf and inoculated into the jugular vein
 
of 14 Holstein-Friesian calves. Fever occurred by 24 hours, and recurring

parasitemia commenced after 72 hours. Associated with the first and -subse­
quent parasitemias were decreases in hemoglobin, PCV, M:E ration, serum
 
albumin, A:G ratio and neutropenia.
 

All calves exhibited gradual weight loss by 2 weeks and later submandi­
bular edema usually became evident. Consistent post mortem lesions seen
 
after 4 weeks were conspicuously hypertrophied, edematous lymph nodes,.hyper­
trophied hemal lymph nodes, emaciation, rounded right heart, palpably firm
 
liver, atrophied thymus and hypertrophied femoral bone marrow.
 

Associated with T. vivax of the infecting inoculum and succeeding para­
sitemias were generalized endothelial hypertrophy and mononuclear cell infil­
tration along blood and lymph vessels with proteinuria and bone marrow
 
hyperplasia. At 3 weeks there were aggregations of macrophages containing

engulfed material distributed along capillaries in pulmonary interalveolar
 
tissue, and this lesion in combination with the anemia and apparent cardiac
 
insufficiency were thought important in the development of anoxia, and pro­
bably contributed to the single fatality observed.
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BISHOP* J. P.: Immune Response of Cattle Inoculated With Irradiated Babesia
 
bigemina. A Dissertation submitted to the Graduate College of Texas A&M
 
in partial fulfillment of the requirement for the degree of Doctor of
 
Philosophy, December 1971.
 

Babesia bigemina parasitized blood exposed to varied doses gamma radia­
tion up to 60 kRad was inoculated into calves. Calves infected with 1 x 1010
 
B. bigemina parasitized erythrocytes exposed to doses up to and including
 
30 kRad developed progressive parasitemias. Some calves receiving 1 x 1010
 
parasitized erythrocytes irradiated at levels of 36 and 42 kRad did not
 
develop progressive infections. Progressive infections were prevented by
 
exposure to irradiation at 48 kRad or higher. Subinoculations into suscepti­
ble splenectomized calves from parasites thus treated failed to produce
 
active infections.
 

A degree of acquired resistance to infection with B. bigemina developed
 
in calves after 1 inoculation with B. bigemina parasitized blood irradiated
 
at 48 and 60 kRad. The resistance was sufficient to suppress multiplication
 
of the Babesia and to permit calves to survive otherwise servere clinical
 
infections with nonirradiated parasites. There was also less erythrocytic
 
destruction and a smaller increase in rectal temperatures following challenge.

Presumably, the irradiated parasites were responsible for the development
 
of resistance since irradiated nonparasitized blood did not produce a dis­
cernable acquired resistance.
 

The acquired resistance to infection with B. bigemina developed in
 
calves inoculated with 1 x 1010 B. bigemina irradiated at 48 and 60 kRad
 
was similar to the acquired resistance developed in calves inoculated with
 
1 x 1010 nonirradiated B. bigemina. It seems likely that the protective
 
immunity produced with irradiated B. bigemina may be similar to that pro­
duced with living pathogenic B. bigemina in non-fatal infections. The
 
acquired resistance to infection with B. bigemina developed in calves in­
oculated with 1 x 1010 B. bigemina irradiated at 48 and 60 kRad was much
 
greater than the acquired resistance to infection developed in calves in­
oculated with 1 x 1010 heat killed B. bigemina. Thus, it seems likely
 
that immunization with irradiated Babesia may provide the special immuno­
logical properties of living parasites important for producing a strong
 
immunity while suppressing the pathogenic effects of the parasite. The
 
Babesia parasites could be irradiated and frozen without apparent loss of
 
immunizing properties.
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TODOROVIC, R. A.: Babesiellosis Bovina en Australia. Revista de la Fa­
cultad de Medicina Veterinaria y de Zootecnia. Vol. 32, No. 1 & 2,
 
45-59, 1970.
 

Bovine babesiosis is still of great importance as a threat to the
 
livestock industry in Australia. Due to the complexity of the epidemiology

of this disease and other factors, the eradication of this hemoprotozoan
 
malady is not possible at the present time.
 

The Commonwealth Scientific and Industrial Research Organization

(CSIRO) is actively engaged in control and research on Babesia. Other
 
research and teaching institutions, involved in the same problem include ­
the University of Queensland; New South Wales, Department of Agriculture,

Cattle Tick Research Station; Queensland State Department and Animal Health
 
Station. All of these research projects on Babesia are sponsored mainly
 
from the Government of Australia.
 

The Australian research workers have contributed more than a hundred
 
scientific publications on the various areas of Babesia research; they are
 
foremost in this field, and the best trained in the world. The research
 
laboratories are equipped with modern scientific tools, and staffed with
 
well-trained technicians who successfully operate these instruments. The
 
facilities are excellent and designed particularly for Babesia research.
 
(Slides of these facilities are available for those who are interested).
 

The experience from this visit and knowledge obtained through dis­
cussion with Australian scientists working on different research projects

will be invaluable for organizing a similar research program on Babesia in
 
Colombia, South America. Furthermore, the Australian scientists with whom
 
I visited all realized the importance of our mission in South America and
 
expressed their willingness to cooperate with us in any manner in the
 
future. They will be able to come to Colombia and spend time on short or
 
long term assignments if funds are available.
 

CARSON, C. A., ADAMS, L. G., TODOROVIC, R. A.: An Antigenic and Serologic

Comparison of Two Virulent Strains and an Attenuated Strain of Anaplasma

marginale. Am. J. Vet. Res., Vol. 31, No. 6, 1071-1078, June 1970.
 

Soluble antigens of 3 Anaplasma marginale strains were compared by
 
agar gel diffusion and immunoelectrophoretic techniques. Serum proteins

from calves infected with each of the 3 A. marginale strains were separated

electrophoretically and tested with rabbit anti-bovine serum in immuno­
electrophoretic systems. There was no detectable difference between the
 
soluble antigens or the 3 A. marginale strains. A beta globulin arc, which
 
was not detectable in normal bovine serum was present in serum of acutely

affected calves, and a gamma globulin arc was lengthened in the latter
 
serum as compared with that in serum of normal calves.
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GONZALEZ, E. F., TODOROVIC, R. A., ADAMS, L. G.: Ultraestructura de la
 
Babesia bigemina. Revista ICA, Vol. 6, 89-112, No. 1,March 1971.
 

The morphology and some aspects related to the reproductive and feeding

mechanism of Babesia bigemina have been studied by means of electron micro­
scopy.
 

Altbough there are reports in the literature of the fine structure of
 
Babesia canis which affects dogs, Babesia caballi which affects horses, and
 
Babesia rodhaini which affects.rodents, there is no report on the ultra­
structure of B. bigemina which infects cattle.
 

B. bigemina was isolated from naturally infected cattle in the Valle
 
del Cauca, Colombia and maintained in splenectomized calves in the Labora­
torio de Investigaciones Medicas Veterinarias in Bogota. Blood samples
 
were collected from the splenectomized animals at a time when the percentage

of parasitized erythrocytes was 25%, and these samples were used for electron
 
microscopic studies.
 

By means of the electron microscope different stages of B. bigemina
 
were revealed such as oval, conoid and most commonly, pear shaped. The
 
sizes of these forms were.2.5 to 6.5 microns in length by 2.3 microns in
 
width. 
The young forms of the parasite were 1.5 by 2.5 microns. All these
 
forms of parasites are surrounded by a dense cytoplasmic membrane which
 
contained endoplasmic reticulum in the form of vesicles; these vesicles are
 
composed of granules of different density. The endoplasmic reticulum appears
 
as a homogenous mass with transparent vacuolar structures which are oval and
 
spherical in shape. In addition to the endoplasmic reticulum, well defined
 
dense polar bodies were found which appeared as oval shaped organelles, which
 
communicated with the conoid part of the parasite by canals. The nucleus is
 
the largest internal structure of the parasite and occupies one fourth to
 
one third of its body. The nucleus is surrounded by a single membrane.
 
Nucleoli were not revealed by electron microscopy.
 

Reproduction of B. bigemina appears to be carried out in two ways; by

budding and binary fission. On the basis of these observations it is not
 
clear which means of reproduction is more predominant. It is possible that
 
both forms take place at the same time.
 

The feeding mechanism is not apparent. It appears that polar bodies
 
play some role in this mechanism. These polar bodies could assume the func­
tion of food reservoirs of the parasite. It was also revealed that food
 
vacuoles are similar to those in malarial parasites. The formation of food
 
vacuoles probably results from an end process of pinocytosis as was described
 
for Plasmodium species. We believe that both processes are involved in the
 
feeding mechanism of Babesia parasites. Results of this study confirm the
 
previously reported observation that there is no formation of pigment granu­
les in Babesia; this implies that digestion of the host hemoglobin is complete;

in contrast malarial parasites form hemozoin, a blood pigment, as an end
 
product of metabolism.
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TODOROVIC, R. A., GONZALEZ, E. F., AND ADAMS, L. G.: Immune Response of
 
Cattle Vaccinated Against Babesiosis in Colombia, South America.
 
Scientific Proceedings'of the American Veterinary Medical Association and
 
American Association of Veterinary Parasitologists (Las Vegas, Nevada,
 
June 22, 1970).
 

Attempts to produce co-infectious and sterile immunity in cattle
 
against Uabesia infections have been carried out by vaccinating animals
 
with live or killed-Babesia vaccines at Palmira, Valle del Cauca, Colombia
 
(Altitude 1000 meters). Immune responses of the vaccinated animals were
 
evaluated by several immuno-serologic meLhods. The degree of resistance to
 
tick-borne challenge (Boophilus microplus naturally infected with Babesia
 
sPP was determined by the percentage of recovery to normal parameters used
 
in this study.
 

According to the experimental design used, a total of 110 animals were
 
divided in 5 experimental groups to ascertain the immunologic responses.

The first group consisted of 20 male, 85 kg., Holstein, 3 month-old calves
 
which were premunized with Babesia bigemina, Babesia argentina, and 4 weeks
 
later were exposed to tick-borne (Boophilus microplus) challenge. The second
 
group consisted of 20 male, 95 kg., Holstein, 4 month-old calves subdivided
 
into 4 groups and vaccinated with a killed-Babesia vaccine derived from the
 
erythrocytes and plasma, respectively, of animals acutely infected with Babe­
sia bigemina and Babesia argentina. The animals were inoculated with vaccine
 
with or without Bacto-Adjuvant Complete H 37 Ra. The third group of 40 male,
 
80 kg., Holstein, 3 month-old calves was divided into two sub-groups. The
 
first sub-group consisted of 20 animals which were premunized with Babesia
 
bigemina and Babesia argentina and 8 days later were treated with a new
 
experimental babdsiacidal drug. The second sub-group which consisted of
 
20 animals was -imultaneously premunized with Babesia spp. and Anaplasma mar­
ginale and later treated with their respective specific drugs. The fourth
 
group consisted of 20 female, 75 kg., Holstein, 3 month-old calves prophylac­
tically treated with drug No. 4A65 and 3 weeks later exposed to Boophilus

microplus naturally infected with Babesia bigemina and Babesia argentina.

The fifth group consisted of 10 animals used as controls. Responses to
 
vaccination and tick-borne challenge were evaluated by packed cell volumes,
 
percentage of parasitemia, body temperatures, body weight, complement fixing

antibody, titers, general physical conditions and percent recoveries after
 
tick-borne challenge. Results in general indicate that resistance to babe­
siosis can be produced by co-infectious or sterile immunity. Experiments in
 
prophylaxis, based on residual action of the babesiacidal drug, have given

consistent and satisfactory results. In the future, it may be possible to
 
develop control programs against bovine babesiosis based on these observa­
tions. The present status of these studies were described.
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TODOROVIC, R. A., ADAMS, L. G., AND ROBERTS, D. E.: A Study of Bovine
 
Babesiosis in Colombia, South America. Sci. Proc. 106th Annual Meetings,
 
Minneapolis, Minn. Journal Am. Vet. Med. Ass., 154, 1399, 1969.
 

Our research program on bovine babesiosis is a part of the Institute
 
of Tropical Veterinary Medicine, College of Veterinary Medicine, Texas A&M
 
University, with the research program being sponsored by the Rockefeller
 
Foundation and conducted at Laboratorio de Investigaciones Medicas Veterina­
rias laboratories, Bogota, Colombia, in cooperation with the Instituto Co­
lombiano Agropecuario. This research effort is directed mainly toward the
 
study and control of bovine babesiosis and the training of Colombian veteri­
narians and graduate students involved in these research projects.
 

Although bovine babesiosis is eradicated in the United States, the disease
 
still occurs in most of the world and is of great importance as a threat to
 
livestock industry, especially in the tropical areas of Latin American coun­
tries. In Colombia, babesiosis was first described by Lleras (1908) and later
 
recognized as a widely distributed disease, causing great losses in purebred
 
dairy cattle imported into enzootic areas. At the present time the incidence
 
of babesiosis in Colombia is difficult to estimate. The disease exists as a
 
mixed infection of Babesia bigemina, Babesia argentina and Babesia major, and
 
the incidence of infection appears to be related to the occurrence and activity
 
of the tick-vectors at the various altitudes.
 

The experiments were carried out to identify the existing Babesia species
 
occurring in Colombia by morphologic, immunoserologic, pathologic, and chemo­
therapeutic methods. The immunoserologic relationship of Babesia spp. and
 
strains were studied by gel-double diffusion precipitation, immunoelectro­
phoresis and fluoresent antibody techniques. Attempts were made to develop
 
a sensitive and practical serologic test for the diagnosis of the latent Babesia
 
infection. Several groups of intact and splenectomized calves were inoculated
 
with various antigens isolated from the blood of cattle with acute babesiosis,
 
and the blood from patent carriers, respectively. Response to vaccination,
 
premunition, and challenge by tick-borne Babesia were recorded. The results
 
of these experiments were discussed.
 

ADAMS, L. G., AND TODOROVIC, R. A.: A Study of the Pathogenesis of Anaplas­
mosis in Intact Calves: Including Clinical, Clinical Pathological, Serolo­
gical and Immunofluorescent Techniques. Sci. Proc. VI Congreso Panamericano
 
de Medicina Veterinaria y Zootecnia. Santiago de Chile, Sept. 28 - Oct. 3,
 
1970, 37.
 

Twelve 4-month-old male, hemotropic disease-free, Holstein calves were
 
inoculated subcutaneouly with blood containing a Colombian isolate of Anaplasma
 
marginale. Previous to inoculation 3 control samples were taken for bone mar­
row and blood determination.
 

Thereafter, samples were collected every 2 days and one calf was euthana­
tized every 2 days to collect a complete set of tissues for gross and microscopic
 
pathological lesions as well as for the immunofluorescent study using the indirect
 
technique. Results obtained are discussed, except those related to immunofluor­
escent study.
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TODOROVIC, R. A., AND ADAMS, L. G.: Serologic Diagnosis of Babesiosis
 
Sci. Proc. XIX World Veterinary Congress, Mexico City, August 15-22,
 
1971, 3, 1114-1116.
 

The detection of the carrier state of bovine babesiosis has presented
 
a particularly difficult problem, because the blood from a high percentage
 
of carrier animals does not contain sufficient Babesia parasites on which
 
to base the diagnosis. Therefore, a great deal of past interest was concer­
ned with the development of serologic techniques which would aid in diagnosing
 
babesiosis.
 

In this review an attempt has been made to summarize and discuss the
 
recent advances on sero-diagnosis of babesiosis in infected cattle with
 
special attention to the serologic procedures used in Laboratorio de Investi­
gaciones Medicas Veterinarias located in Bogota, Colombia. In the last two
 
decades fundamental knowledges concerning the immuno-serology of several Ba­
besia M. has led to the development of sero-diagnostic procedures for detection
 
of Babesia antibodies. The antigens used in these techniques originated from
 
parasitized erythrocytes and serum or plasma of animals with acute babesiosis,
 
and they were applied in several serologic tests. The complement-fIxation
 
reaction constituted one of the earliest tests for the diagnosis of babesiosis.
 
In recent years considerable progress was made to improve the complement-fixation
 
test for the diagnosis of babesiosis. In addition gel precipitation, fluorescent
 
antibody, and agglutination techniques were applied for the detection of specific
 
Babesia antibodies utilizing antigens from the parasitized erythrocytes as well
 
as acute serum.
 

The investigations described in this report were conducted to develop the
 
new techniques and to evaluate existing techniques for diagnosing bovine babe­
siosis. Research was executed in collaboration with the Instituto Colombiano
 
Agropecuario in the Laboratorio de Investigaciones Medicas Veterinarias in
 
Bogota, Colombia. Antigens of Babesia spp, were isolated by means of two tech­
niques and used in the complement-fixation test for the detection of Babesia
 
antibodies in cattle experimentally and naturally infected. By means of the
 
complement-fixation test it was possible to detect specific antibodies in the
 
serum of cattle 8 days after blood-borne infection. A total of 5,420 serum
 
samples of cattle infected with babesiosis were tested. The cattle were from
 
several Colombian experimental herds with known histories of babesiosis located
 
in Valle del Cauca, Rio Magdalena, Llanos and Montecia and from cattle arti­
ficially infected in the Laboratorlo de Investigaciones Medicas Veterinarias in
 
Bogota. Approximately 95% of these samples were positive whereas about 5% gave
 
discordant reactions. In addition to the complement-fixation test used in our
 
laboratory, attempts were made to apply the double-gel diffusion for characteri­
zation of Babesia M, antigen-antibody reactions. A cross reaction was noted
 
between Babesia bigemina and Babesia argentina in this system. The application
 
of latex-agglutination and hemoagglutination tests for the detection of the
 
Babesia antibodies are still under investigation in our laboratory. As a result
 
oi these investigations and observations, it is apparent that more investigation
 
is needed for the development of a practical serologic technique for the diagnosis
 
of babesiosis and to help solve this complex biological disease problem in tropical
 
and sub-tropical areas of the world.
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TODOROVIC, R. A., GONZALEZ, E. MATEUS, G., AND ADAMS, L. G.: Simultaneous
 
control of Helminths, Anaplasmosis and Babesiosis in Cattle. Revista
 
de la Facultad de Medicina Veterinaria y Zootecnia, Bogota. (InPress).
 

A group of 50 male Holstein-Friesian calves, 3 to 4 months old were
 
used to evaluate a control program for gastrointestinal and hemotropic
 
parasites. The experiment was conducted at the ICA experimental station
 
in Palmira, Valle del Cauca at an elevation of 1,000 m. The animals were
 
divided into 3 groups.
 

Twenty animals were premunized against anaplasmosis and babesiosis
 
simultaneously; 8 days later they were treated against babesiosis using

the compound 4A65 at a dosage of 1 mg/kg of body weight, and 21 and 56
 
days after premunition they were treated intravenously with the compound

356-C-61 (5mg/kg IV) against anaplasmosis.
 

Twenty animals were premunized against anaplasmosis as it was done
 
with the animals in Group I. Animals in this group were vaccinated with
 
AGS plus adjuvant vaccine against babesiosis. The vaccine was repeated 14
 
days later. Animals in Group I and II were treated twice during the experi­
ment with Ripercol (Tetramisol) against gastrointestinal parasites.
 

Ten animals were not treated and were used as controls.
 

All three groups of calves were kept under the same environmental
 
conditions and the same management. The experiment was carried out during
 
a period of 8 months. Blood samples were collected to evaluate anemia and
 
parasitemia. The antibody titer was determined by the complement-fixation
 
test. The body weights were measured and the fecal samples were examined
 
for the presence of gastrointestinal parasites. Animals in Groups I and II
 
had a high degree of resistance to babesiosis and anaplasmosis infections
 
as a result of effective premunition and vaccination techniques. However,
 
the animals in the control group had clinical babesiosis and anaplasmosis
 
and high infestation with gastrointestinal parasites.
 

The importance of simultaneous control of gastrointestinal and hemo­
tropic parasites is pointed out and methods to control these parasites are
 
given.
 

ADAMS, L. G., HIPOLITO, OSMANE, MORALES, HERNAN, GONGORA SANTOS AND JONES,
 
LARRY P.: Dermatofilosis Bovina (Estreptotricosis cutanea) en Colombia.
 
Revista ICA, Vol. V., No. 1, March 1970, 3-16.
 

Four cases of bovine dermatophilosis were diagnosed in Cordoba, Colombia
 
and confirmed by bacteriological culture methods. Macroscopic and microscopic
 
descriptions were made of the lesions caused by Dermatophilus congolensis.
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TODOROVIC, R. A., ADAMS, L. G., VIZCAINO, 0., AND GONZALEZ, E.: Research
 
and Control of Bovine Babesiosis in Colombia. Sci. Proc, VI Congreso
 
Panamericano de Medicina Veterinaria y Zootecnia, Santiago de Chile,
 
September 18 - October 3, 1970, p. 36.
 

Research was carried out to develop an effective program for the
 
control of bovine babesiosis in Colombia,
 

Experiments were carried out at the Palmira Instituto Colombiano Agro­
pecuario (ICA) experimental station in Valle del Cauca, (Altitude 1,000
 
meters) to produce co-infectious and sterile immunity against bovine
 
babesiosis. Calves randomly selected were divided into four groups ac­
cording to the experimental design used to evaluate the immunoserological
 
responses to vaccination against babesiosis and tick-borne challenge. The
 
degree of this immunity was determined by tick and blood-borne challenge.
 
The percentage of parasitemia (P), body temperature (T), percentage of
 
mortality (M)were used as the basis for comparing the reaction produced
 
after vaccination and challenge. Experiments were conducted to evaluate
 
the prophylaxis, therapy, effects, dosage, route of infection, toxicity
 
and response of the animals injected with a new Burroughs-Wellcome babe­
siacidal drug No. 4A65.
 

On the basis of the observations made from these experiments, con­
clusions can be drawn that some degree of sterile immunity exists, besides
 
the well known co-infectious (premunition) immunity in Babesia infections.
 
To understand the exact mechanism of this type of immunity, more work needs
 
to be done. The degree of resistance and the duration of immunity in rela­
tionship to different environmental-conditions, strains differences, and the
 
pathogenicity of the Babesia spp. and the quality of tick-borne challenge
 
need to be determined.
 

ADAMS, L. G., AND FERREIRA, W. L.: Necrobacilosis Neo-Natal en Ovinos.
 
Revista ICA, Vol. 6, No. 3, September 1971.
 

Five cases of ovine neo-natal necrobacilosis, in the Sabana of
 
Bogota, were diagnosed in lambs less than 2 weeks of age. Macroscopic and
 
microscopic lesions were described and the diagnosis was confirmed by bac­
teriological cultural techniques. This report constitutes the first known
 
notice of the disease in neo-natal lambs in Colombia.
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TODOROVIC, R. A., LUQUE, G. F., AND ADAMS, L. G.: 
 Contribution to the

Study of the Tick Distribution in Colombia, South America. Revista de
 
la Facultad de Medicina Veterinaria y Zootecnia (Accepted for Publication).
 

The purpose of this work was to collect and identify tick species

involved in the epizootiology of bovine babesiosis in Colombia. 
Bovine
 
babesiosis was reported in Colombia in 1888 but there is not any published

evidence about tick species involved in the transmission of the disease.
 
Although, Boophilus microplus is the predominant tick in medium and hot
 
climates, the exact distribution of the tick in the different regions of
 
Colombia is not known. To develop an effective control program, the

distribution of tick species needs to be determined. 
This is the first
 
attempt to obtain this information about tick distribution in Colombia.
 

Animals naturally infected with Babesia bigemina and Babesia argentina
 
were used as a tick collection source. The infectivity of these animals was

determined by blood smears and complement-fixation techniques. The animals
 
were located on farms in Palmira (Valle del Cauca) and Turipana (North Coast),

Magdalena River and Sumapaz River. 
Ticks were collected from different breeds
 
Holstein-Freisian, Zebu, Blanco Orejinegro, and Costeno con Cuernos, inani­
mals of different ages. The ticks were collected from different parts of the
 
animal bodies and preserved in Ethanol 95%. Adults, nymphs and larvae were
 
collected from both sexes for identification purposes during a 12 month period

(January - December).
 

Dermacentor nitens was found in the animals infected with babesiosis
 
in the Valle del Cauca, North Coast, Sumapaz River; Amblyomma cayennense
 
was found in animals infected with babesiosis and anaplasmosis in the

Magdalena River and the North Coast; Boophilus microplus was found in the
 
same animals infected with babesiosis and anaplasmosis used in this experi­
ment. 
 Until the present time the significance of the findings of Amblyomma

and Dermacentor ticks in epidemiology of babesiosis is not clear.
 

Experiments are in progress to determine the population and distribu­
tion of the tick species in other parts of Colombia for the purpose of

investigating the exact role of Dermacentor nitens and Amblyomma cayennense

in the transmission of bovine babesiosis.
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MULLENAUX, CHARLES H., AID ADAMS, L. G.: La Oncocercosis Equina Asociada
 
con el Mal de la Cruz en Colombia: Descripcion de dos casos. Revista
 
ICA, Vol. 6, No. 3, September 1971.
 

Two cases of equine fistulous withers were diagnosed in which Oncho­
cerca spp. was found to be present in the affected tissues. One of the
 
horses had a brucellosis antibody titer of 1:50 using the rapid plate ag­
glutination method and, in the same animal,. Brucella spp. was cultured
 
from the suppurative materials of the nuchal bursitis of the withers, Macro­
scopic and microscopic pathological lesions caused by the nematode Onchocerca
 
spp. were described,
 

ADAMS, L. G., CRAIG, THOMAS M., PLATT, K. B., AND WYSS, JOHN H.: Bovine
 
Eperythrozoonosis in Colombia. Accepted by Revista ICA for publication.
 
(InPress).
 

Eperythrozoon wenyoni, E. teganodes and E. tuomii were diagnosed in 14
 
splenectomized Holstein-Freisian 4 to 11-month-old calves that originated
 
from the Sabana de Bogota. Eleven calves had pure infections of E. wenyoni,

2 calves had dual infections of E. wenyoni and E. teanodes, and one calf had
 
a pure infection of E. tuomii. The diagnosis was determined on Giemsa-stained
 
blood smears, and morphological descriptions of the Eperythrozoon spp. were
 
given. Six splenectomized calves exhibited depression and anorexia, but all
 
14 calves had elevated rectal temperatures. Two calves had serious conjunc­
tivitis with excessive lacrimation. The increase in rectal temperature coincided
 
with the onset of parasitemia while the packed cell volume decreased after 
the onset of parasitemia. The average incubation period and standard deviation 
was 14.9 + 3.5 days post-splenetomy. Treatment with 2-di-(Beta, gamma-dioxipropil) 
-(aminofenol)-(4 arseno 5)-Beta-(Benzaxozalj.l)-(2)-mercaptol-proprionato de sodio 
at 29 mg/kg intramuscularly caused the parasitemia to become undemonstrable within
 
24 hours with further recrudescence occurring within 6 weeks. This is the first
 
report of bovine eperythrozoonosis due to Eperythrozoon weryoni, E. teganodes

and E. tuomii in Colombia.
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ADAMS, L. G.: Epizootia Espontanea de Hepatitis Toxica en Porcinos atribuida
 
a Aflatoxicosis. Accepted by Revista ICA for publication. (In Press)
 

Nine of the 56, 4 to 6-month-old Duroc male and female pigs died 2 months
 
after consuming a ration consisting of 8.75% moldy peanut meal. The pigs
 
exhibited weight loss, roughened hair coat, anorexia, lethargy, icterus,
 
melena, increased followed by decreased rectal temperature and death. The
 
livers of the remaining 45 pigs were condemned due to cirrhosis. Serum
 
sorbitol deshydrogenase activities, glutamic-oxaloacetic transaminase ac­
tivities, bilirubin concentrations, serum beta globulin levels, serum gamma
 
globulin levels and total serum protein concentrations were increased as
 
serum albumin/globulin rations, albumin levels, packed cell volume and hemo­
globin contents were decreased. No changes were observed in total leukocyte
 
counts or serum alpha globulin levels.
 

The principal macroscopic lesions consisted of generalized icterus,
 
petechial and ecchymotic hemorrhages with yellow transudates occurring in
 
the body activities. Subendocardial as well as subserosal ecchymotic
 
hemorrhage were commonly observed. Ulceration of the gastric fundus oc­
curred which filled the stomach, duodenum, jejunum, ileum and colon with
 
free digested and undigested blood. The liver was pale yellowish-brown,
 
firm (increased cutting resistance) and cirrhotic with very accentuated
 
hepatic lobules outlined by translucent bands. Hundreds of irregular round
 
yellow to brown foci of hepatic nodular regeneration were interspersed
 
throughout the hepatic parenchyma. The gall bladder was moderately edema­
tous and contained a small amount of light green bile. The principal
 
microscopic lesions of the liver were disorganization of the hepatic archi­
tecture, acinus formation, severe sinusoidal fibrosis, mild biliary hyperplasia,
 
advanced hepatic nodular regeneration, extensive hepatocellular megalocytosis,
 
hepatocellular anisocytosis, mild hepatocellular necrosis, fatty metamorphosis
 
and moderate cholangiolar bile plug formation The diagnosis and etiology of
 
these 4 cases of porcine chronic toxic hepatitis w: attributed to aflatoxico­
sis apparently produced by Aspergillus flavus growing on peanut meal. The
 
present article is the first report of aflatoxicosis in Colombia.
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HERNANDEZ, J. D., ROBERTS, E. D.,.ADAMS, L. G., AND VERA, T.: Pathogenesis

of Hepatic Granulomas in Turkeys Infected with.Streptococcus.faecalis
 
var liquefaciens. Avian Diseases, Vol. 16, No. 2, January -,March 1972,
 
201-216.
 

The pathogenesis of hepatic granulomas in turkeys has been studied by

reproducing the lesions experimentally with Streptococcus faecalis var.
 
liguefaciens isolated during a field outbreak of turkey hepatic granulomas

in Colombia. The 170 turkeys poults (Bronze) used were 4 weeks old. 
Groups

r-0 -oults were inoculated intravenously or orallywith 0.1 ml. of a 24-hour
 
culture of Streptococcus faecalis var. liguefaciens at a dilution of 3 
x
 
10 on the MacFarland Nephelometer Standard 10. The oral route of inoculation
 
reproduced a disease most similar to the naturally occurring disease.
 

Clinically, the acute phase of infection was characterized by a high

mortality rate in the first to seventh days but only sporadically thereafter.
 
The septicemic phase produced the formation of septic thrombi which localized
 
in various organs, producing infarction with heterophilic infiltration. Once
 
the septicemic phase of the problem passed, the disease was manifested primarily

by a focal hepatitis initiated primarily as a focal necrotic cholangial lesion.
 
The biliary epithelium had hyperplastic to degenerative processes which parti­
cipated in the formation of biliary thrombi. Granulomas were characterized by

focal areas of necrosis surrounded by Langhans-type giant cells, and macrophages.
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The Relationship of Disease to Productivity
 

From an animal health viewpoint, hemotropic diseases represent the
 

greatest single deterent to meat and milk production in the tropics. These
 

diseases are transmitted by arthropods such as tsetse fly, ticks, and mos­

quitoes. They are usually responsible for severe to moderate anemias, which
 

are associated with weight losses, drops in milk production, and in cases of
 

acute infection, death. Local indigenous cattle are thought to be resistant,
 

in that deaths are not a common occurrance. Field and laboratory investiga­

tions in recent years-confirm the relatively low mortality among indigenous
 

cattle, but show an extremely high incidence of infection, accompanied by
 

anemia, lack of growth, and low milk production. Frequently under these con­

ditions the sick animals are not individually identified, since nearly all
 

are infected. The resulting poor growth rate, and low milk output is then
 

tolerated as being normal for the area. To a degree this may be true, but a
 

cursory review of history shows that animal production can be greatly in­

creased by the elimination of hemotropic infections. Prior to 1920 the Texas
 

cattle industry was severely hampered by Babesia bigemina, which prevented
 

the successful introduction of clean - genetically improved breeds into the
 

area, and reduced the growth rates and production of indigenous cattle. These
 

conditions were similar to those currently existing in Colombia. The elimina­

tion of this disease was accompanied by a rapid increase in beef and milk
 

production.
 

The solution of the probl.em of-babesiosis in Texas was facilited when
 

research showed that a single 1 host tick, Boophilus annulatus, was responsible
 

for its spread. The problem is compounded in many tropical countries, Colombia
 

http:probl.em
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being a good example, by multiple-tick vectors, and combined infections
 

caused by Ana lasma, Babesia bigemina, B. argentina, B. major and Trypanosoma
 

Notwithstanding these problems, recent research has revealed several approaches
 

which offer the hope for more effective control and even possible eradication.
 

The economics of these diseases, or accurate calculations as to the dol­
lar value of losses from these infections is difficult, but estimates are
 

possible from available information. 
Dr. W. T. Oglesby (Louisiana State
 

University) in 1962, as a result of a survey in the U.S., reported the proba­

ble losses due to anaplasmosis in the 16 states where this condition is a
 
problem. 
He estimated that in 1958 deaths due to anaplasmosis were responsi­

ble for a $12,000,000.00 loss, with another $36,000,000.00 loss being associated
 

with weight reduction, lowered productivity, increased feed costs, etc. for a
 
total loss of $48,000,000.00 (Proceedings of the 4th National Anaplasmosis
 

Conference, April 1962). 
 There are approximately 31,500,000 cattle in those
 

states where anaplasmosis is most common. 
On the basis of a 16,232,697 cattle
 
population in Colombia (Departmento Administrativo de Estadistica) it may be
 
expected that an approximate $25,000,000.00 annual loss would be incurred if
 

cattle values were equivalent. Assuming cattle values to be 66% of those in
 

the U.S. then a loss of 16.5 million dollars might be expected annually in
 
Colombia. 
This figure is really only a small part of the annual losses, when
 

we consider babesiosis and trypanosomaisis. 
 Based on experimental results
 

obtained at Turipana (1971-72) losses from Babesia and Anaplasma for Colombia
 
have been estimated to be at least 25.0 million dollars or 56 million pounds
 
of beef. 
 These diseases are endemic throughout Latin America, therefore this
 

figure should be multiplied many times to acquire a tru( picture of actual
 

losses. 
Perhaps of greater concern than the actual monetary losses, which
 

these diseases cause, is the lack of productivity, the failure to achieve the
 

http:25,000,000.00
http:48,000,000.00
http:36,000,000.00
http:12,000,000.00
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full potential for which the land is capable, resulting in an absence of
 

food and animal protein which are irreplaceable, and can only aggravate the
 

already serious shortages which exist in the world. Control of the arthro­

pod born hemotropic diseases is an essential pre-requisite to achieve the
 

full measure of livestock productivity in tropical areas of the world.
 

Contributions by Colombia to This Program:
 

The seriousness of this problem is generally recognized throughout
 

Latin America, and particularly so in Colombia. Colombian goverament
 

agencies, have contributed generously to the support of our program since
 

its beginning in 1967. Until 1971 our staff and graduate students were
 

housed at the LIMV laboratories of The Instituto Colombiano Agropecuario
 

(ICA) in Bogota. During this period we received assistance in the acqui­

sition and maintenance of laboratory animals, and also the use of labora­

tory space and facilities, at no cost to our project. In early 1971 a
 

new veterinary laboratory at Turipana, on the North coast near Monteria,
 

was completed, primarily for the study of hemotropic diseases. This la­

boratory is headed by a former graduate student at Texas A&M. Approximately
 

80 cattle furnished by the ICA-TURIPANA Station, are presently on trial
 

using several control approaches based mainly on premunition.
 

The facilities available to us at Turipana are ideal for field testing
 

new methods of control. The cooperation and assistance of local authorities
 

has been excellent, and shows every indication of continuing.
 

In 1971 our staff moved to the new Centro Internacional de Agricultura
 

Tropical (CIAT) laboratories at Cali. The Colombian government made land
 

available for CIAT, and has a close relationship with this organization
 

which cooperates with ICA.
 

Research Accomplishments:
 

(1) Premunization with virulent Anaplasma and Babesia in indigenous
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cattle maintained under lowland, tropical conditions has proven
 

effective in significantly reducing mortality and production
 

losses. 
The initial animal response to these virulent organisms
 

was modified by specific chemo-therapy.
 

(2) A new vaccine for anaplasmosis has been tested in Colombia and
 

offers some promise despite initial setbacks. This vaccine
 

premunizes cattle with practically no adverse reaction. 
Premu­

nition of young calves with virulent organism can produce a
 

persistent anemia for up to 50 days whereas the vaccine produces
 

a milder response and an anemia that persists less than 8 days.
 

(3) A new therapeutic process has resulted in premunition with a
 

virulent organism with no drop in PCV. 
This immunity has per­

sisted over 4 months with no-signs of clinical disease.
 
(4) A therapeutic approach.has been developed which will completely
 

eliminate infection with.anaplasmosis with only 3 injections
 

which is 4 times more effectivethan previous methods.
 

(5) Work is in progress forimproved killed vaccines for both Babesia
 

and Anaplasma.
 

(6) Since the inception of The Institute of Tropical Veterinary
 

Medicine, over 44 scientific papers have been published. 
This
 

plus unpublished research data is forming the basis of current
 

and future control programs for the containment of these costly
 

diseases.
 

(7) Like the U.S., 
some areas of Colombia are free of these diseases.
 

A survey has been completed which identifies problem areas, and
 

establishes very definite epidemiologic patterns of infection.
 

(8) Progress has been accelerated by the discovery of 2 
new drugs
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a dithiosemicarbazone (356 C 61) and Imidocarb (4A65) which
 

show much greater activity as therapeutic agents.
 

(9) Imidocarb has been demonstrated to have prolonged prophylactic
 

value against Babesia.
 

(10) 	 Studies to develop a new vaccine using irradiated Babesia has
 

shown a degree of success, and offers hope for a safer vaccine
 

for use in preventing babesiosis.
 

(11) 	 Improved diagnostic procedures have been developed for the
 

identification of Babesia.
 

(12) 	 Immunological studies have shown that a sterile immunity in
 

Babesia can be induced in susceptible cattle, which is contrary
 

to previously held theories that carrier status or co-infectious
 

immunity was essential.
 

(13) 	 Babesia argentina and B. bigemina have been shown to be immuno­

logically different. A B. argentina challenge of a B. bigemina
 

carrier produces a more severe reaction than the opposite challenge.
 

(14) Purified isolates have been made of A. marginale, B. bigemina, B.
 

argentina, T. vivax, and T. evansi from cattle in Colombia.
 

(15) Non-infected Boophilus microplus ticks have been selectively in­

fected with pure isolates of B. argentina and B. bigemina.
 

Training or Teaching Accomplishments:
 

(1) Three U.S. graduate students have completed their work for the
 

M.S. 	degree and 1 has completed and received his Ph.D.
 

(2) We now have 5 candidates for the M.S. degree and 2 candidates
 

for the Ph.D. degree currently pursuing their work.
 

(3) Seven Colombian graduate veterinarians both at Texas A&M and in
 

Colombia have and are pursuing degrees and or training with a
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major emphasis on hemotropic diseases.
 

(4) The research programs plus the training of Colombian students
 

has focused attention on these hemotropic diseases to the ex­

tent that more work is being done to control these diseases by
 

Colombians in their own country.
 

(5) In June 1971, Dr. R. A. Todorovic, went to Peru at the request
 

of the USAID mission there, to aid in projecting an evaluation
 

program for control of hemotropic diseases in cattle. This
 

activity further emphasizes the point that much of the work
 

done in Colombia will-be applicable throughout Latin America.
 

Application of Research Findings:
 

A field program has been underway for over a year at Turipana putting
 

into practice the scientific principles developed in the laboratory. Direct
 

data from these experiments is not yet available, but it is known that when
 

anaplasmosis and babesiosis are absent or controlled that productivity as
 

measured by growLii rates will increase.
 

The effects of moving clean adult dairy type stock from a hemotropic
 

disease free area, such as the Bogota Savanah, to the North coast without
 

adequate vaccination or treatment is invaribly followed by drastic weight
 

loss, an almost complete drop in milk production, and in many instances
 

death within 60 days. Treatment can in most instances prevent death, but
 

the persistent re-exposure pattern prevents economic milk production. Weight
 

gains of 4-6 month old calves moved to Turipana showed the effects of hemo­

tropic disease. The untreated controls showed an average gain of 36 pounds
 

in the first 60 days, and for the next 60 days an average loss of 4 pounds
 

for a net gain of 32 pounds. Among calves premunized with the attenuated
 

vaccine an average gain of 52 pounds was recorded for a net increase of 20
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pounds or 62% per calf. Among calves premunized with virulent Anaplasma
 

an average weight gain of 56 pounds was recorded for a net increase of 30
 

pounds or 94% per calf.
 

If these figures are representative and we reflect this increased
 

weight gain to a ranch weaning 1,000 calves we could expect 20-30,000.
 

pounds more in live weight or 10-15,000 pounds more from essentially the
 

same feed input.
 

The potential for increase in beef and milk production through the
 

control of these hemotropic diseases is one which is well worth pursuing.
 

An increasing number of veterinarians and livestock producers, are
 

utilizing the therapeutic, and.immunologic approaches which have been
 

demonstrated effective in preventing losses. Most of the research papers
 

resulting from this work are published in Spanish for greater distribution
 

in Colombia and South America.
 

A recent field trial, at Turipana (Colombia's North coast) has recently
 

been completed. This trial demonstrated significant advantages to the use
 
S 

of vaccination and treatment procedures in indigenous calves, to prevent
 

hemoparasite losses. 
Twenty calves, in which disease control was achieved,
 

showed an 89% increase in weight gains during a 257 day observation period,
 

when compared to untreated controls.
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Budget Statement for Past Year (1971-72) 

Statement of Expenditures According to Major Work Goals 

.Anaplasmosis 
30% 

Babesiosis 
48% 

Trypanosomiasis 
20Z 

Theileriasis 
2Z Total (100 ) 

Personnel Salary & Allowances $40,599.00 $64,958.00 $27,066.00 $2,706.00 $135,329.00 

Travel and Transportation 11,828.00 18,925.00 7,885.00 788.00 39,426.00 

Equipment 13,531.00 21,651.00 9,021.00 902.00 45,105.00 

Supplies and Operation 23,201.00 37,121.00 15,467.00 1,547.00 77,336.00 

Overhead 11,746.00 18,793.00 7,830.00 784.00 39,153.00 

Total 100,905.00 161,448.00 67,269.00 6,727.00 336,349.00 



Personnel Salary & Allowances 

Travel and Transportation 

Equipment 

Supplies and Operation 

Overhead 


Total 


Budget Statement for the Coming Year (1972-73)
 

Statement of Expenditures According to Major Work Goals
 

Anaplasmosis 
30Z 

Babesiosis 
48Z 

Trypanosomiasis 
20Z 

$54,947.00 $87,914.00 $36,631.00 

10,354.00 16,567.00 
 6,903.00 


1,650.00 2,640.00 1,100.00 


14,511.00 23,217.00 
 9,674.00 


10,038.00 16,062.00 
 6,692.00 


91,500.00 146,400.00 61,000.00 


Theileriasis
 
2Z 


$3,663.00 


691.00 


110.00 


967.00 


669.00 


6,100.00 


Total (100Z)
 

$183,155.00
 

34,515.00
 

5,500.00
 

48,369.00
 

33,461.00
 

305,000.00
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Combined Treatment With a Dithiosamicarbazone and Oxytetracycline
 

To Eliminate Anaplasma marginale Infections in Splenectomized Calves
 

(Accepted for Publication in Research in Veterinary Science
 

Introduction:
 

A recent proposal for the eradication of anaplasmosis (Wheeler, 1968)
 

is based largely on the principle of identifying infected animals and then
 

eliminating the infection by treatment. 
The need for effective therapeutic
 

agents in such a program is obvious. Carrier cattle, while resistant to
 

future Anaplasma exposure, represent a source of infection that can only be
 

eliminated by treatment or slaughter.
 

Foote et al. (1951), Foote and Wulf (1952), and Splitter and Miller
 

(1953), recognized the value of the tetracyclines in treating anaplasmosis,
 

and reported success in eliminating infection with these agents. To elimi­

nate infection by'these drugs was often expensive and-time consuming. Barrett
 

et al. (1965) described the successful use of an alpha-dithiosemicarbazone
 

(356 C 61)* against a number of microorganisms including-A. marginale. 
Brown
 

et al. (1968) and Roby et al. (1968) have reported the specific activity of
 

this compound in the treatment of anaplasmosis. Kuttler and Zaraza (1970)
 

and Kuttler and Adams (1970) confirmed the value of 356 C 61 but they were
 

unable to entirely eliminate infection at sub-toxic levels of the drug. 
A
 

more recent study by Kuttler (1971) has shown that combined therapy with both
 

oxytetracycline and 356 C 61 gave better results than either drug alone.
 

These trials report the use of 356 C 61 and oxytetracycline** given
 

sl.multaneously at differing levels, frequencies and numbers of injections
 
Gloxazone (Alpha Ethoxyethylglyoxal dithiosemicarbazone), Burroughs-

Wellcome & Co., Inc. -
Raleigh, North Carolina (experimental drug only). 

** Liquamycin injectable, Chas. Pfizer & Co., Inc. - New York, N.Y.
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in an effort to find a regime which will effectively eliminate infection
 

with the greatest economy of time and drug.
 

Materials and Methods:
 

A total of 36 splenectomized calves infected with Anaplasma marginale
 

have been used to evaluate various treatment schedules. These calves were
 

dairy type, predominantly Holstein breeding, and averaged 10 + 2 months of
 

age. A total of 12 different treatment schedules were followed, using 2, 5,
 

and 10 mg/kg 356 C 61, and 11, and 22 mg/kg oxytetracycline. All injections
 

were made intravenously, diluting and mixing 356 C 61 and oxytetracycline
 

with approximately 150 ml sterile physiological salt solution (0.85% NaCl).
 

These drugs were given simultaneously in varying amounts; 1, 2 and 3 times
 

at 24, 48, and 72 hour intervals. The 12 schedules of treatment are listed
 

in Table 1.
 

Each calf was bled twice weekly for a minimum of 2 weeks before treat­

ment, for at least 8 weeks after treatment, and once a week for at least
 

another 8 weeks. Packed cell volumes (PCV), a complement-fixation (CF) tests
 

for anaplasmosis, and Anaplasma parasitemia as determined on Giemsa-stained
 

blood smears, were conducted on all blood samples.
 

The occurrence of 1% or greater Anaplasma parasitemia after treatment
 

was considered evidence of a relapse infection and indicative of failure for
 

the treatment procedure being tested.
 

Infectivity trials were conducted on all calves failing to show evidence
 

of a relapse parasitemia an average of 87 + 20 days after treatment, by sub­

inoculating 200 ml of blood I.V. into a susceptible splenectomized calf. On
 

the 21 calves failtng to show a relapse infection 17 were challenged an aver­

age of 164 + 78 days after treatment, by the inoculation of 5-10 ml of known
 

A. marginale infected blood. A response to this challenge was a further
 

indication of non-carrier or susceptible status in the treated calves.
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Results:
 

Calf response to treatment is presented in Table 2. Observations 2
 

weeks after treatment showed-marked increase in PCV and a disappearance of
 

a demonstrable A. marginale parasitemia in all groups. With the exception
 

of group VI a reduction in CF titer was observed. In group VI CF titer re­

mained unchanged-2 weeks after treatment. Animals of this group lost their
 

CF titers later in the course of the experiment.
 

Relapse infections occurred in all animals treated in groups I, I,
 

VIII, IX, X, XI, and XII. Only 1 of 3 calves in group V showed a relapse.
 

The range of relapse time occurring for all groups was 25 to 45 days, with
 

an average of 38 + 15 days. No significant differences in relapse times
 

could be demonstrated and with few exceptions there was suprisingly little
 

variation in the relapse time.
 

All calves in groups III, IV, VI, and VII, treated with 5 or 10 mg/kgb
 

356 C 61 and 11 mg/kg oxytetracycline given 3 times at 24 or 48 hour inter­

vals, failed to show evidence of relapse infection. Two of 3 calves from
 

group V, treated with 5 mg/kg 356 C 61 and 11 mg/kg oxytetracycline 3 times
 

at 72 hour intervals failed to show signs of relapse. Infectivity trials on
 

all 21 calves were negative. The loss of CF activity among these calves,
 

ricorded in Table 2, was highly variable as noted in the large standard devia­

tions. All 17 calves checked for susceptibility by challenge with infected
 

blood, responded by showing A. marginale parasitemias.
 

Discussion and Conclusions:
 

Interval, and the number of injections appear to be important factors
 

in the success or failure of the treatment programs. Single or 2 treatment
 

schedules were consistently-unsuccessful, even though the amount of drug
 

injected was equal to or greater than the successful programs involving 3
 

injections. All successful treatment involved the simultaneous I.V. injection
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of 5 or 10 mg/kg 356 C 61 and 11 mg/kg oxytetracycline. No clear cut pre­

ference was obvious in comparing the 24 and 48 hour intervals. Less than
 

5 mg/kg 356 C 61 was ineffective even when combined with oxytetracycline.
 

Treatment intervals of over 48 hours were less effective.
 

It is possible and probable that treatment data obtained from splenec­

tomized calves is not always applicable to intact calves. These trials must
 

be repeated in intact animals before the precise dose level, number of treat­

ments and interval can be determined. Splenectomized calves present an
 

obvious advantage in early screening trials-due to the consistent relapse
 

pattern occurring in those instances where treatment is ineffective. These
 

reactions are easily recognized, thus eliminating the expense and time re­

quired to conduct infectivity checks on all animals. In every instance re­

ported in these trials failure of a relapse to occur within 62 days was
 

indicative of successful elimination of infection. A loss of CF response in
 

calves successfully treated was a further indication of the elimination of
 

infection, but this factor was extremely variable among individuals, even
 

though actual infection had been removed.
 

Summary:
 

A total of 12 treatment schedules combining oxytetracycline and an
 

alpha-dithiosemicarbazone (356 C 61) were tested on 36 splenectomized calves
 

carrying Anaplasma marginale infections. Anaplasma infection-was eliminated
 

following the admiuistration of 5 or 10 mg/kg 356 C 61 combined with 11 mg/kg
 

oxytetracycline, and given 3 times at 24 or 48 hour intervals. Treatments
 

employing lower drug levels, fewer injections, or at greater time intervals
 

failed to eliminate infection.
 

Treated, splenectomized calves failing to show evidence of an A. mar­

ginale relapsing infection within 62 days'were found to be free of infection
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on the basis of infectivity trials conducted an average of£87 days after
 

treatment, and by re-inoculation with A. -marsgtinale an average of 164 days
 

after treatment.
 



Table I.
 

Quantity of Drug, Number of injections, and -Injectioninterval
 
Used to Treat &. marginale [nfected Splenectomized Calves
 

Quantity o' Drug Used
 
Treatment 
 No. of 356 C 61 Oxytet. No. of Treatment
 
Croup Animals mp,/ki mg/kg Injections Interval
 

2 2 11 3 24hrs 

2 11 3 48 hr.
 

III 3 U
5 3 24 hrs 

IV 8 5 11 
 3 48 hrs
 

V 3 5 11 3 72 hrs
 

VI 3 10 11 3 24 hra
 

VII 5 10 11 3 48 hrs
 

VIII 2 5 U 2 24 hra
 

IX 2 5 11 2 48 hr.
 

X 4 10 11 2 48 hra 

X1 1 10 22 
 1 
5 1

XII 2 
- - 11 1 3 48 hrs
 

Oxytet: Oxytetracycline.
 
0% 



Table 2 

The Effects of Treatment Administered to Splenectomized Calves
 
Infected With Anaplasmosis 

Treat 
Crouo_ 

nt 
_ 

No. of 
Calves PCV 

Pre-treatment 

Paras. CF 

2 Weeks 
Post-treatment 

PCV Paras. CF 
No. To 
Relapse 

Avg. 
Relapse 
Time 
Days 

(1) 
Loss of 
CF 
Titer 

Infectivit 
Avg. No. of 
Days Post 
Treatment 

(2)
Trials 

Result] 
1 2 20.5 + 3 4.0 +5.4 1:113 26.0±+1 0 1:40 2 25 

1 14.0 0.2 1:80 29.0 0 1:40 1 45 "" 
III 3 11.0 +3 

- -
30.0+32.0 1:80 25.3 + 10 0 1:40 0 78-4 33 114±3 1eg. 

IV 18.7 + 4 1.0 +0.9 1:62 30.0+ 2c 
-_ 

1:22 058 -+30 76 +"16 Neg. 

V 3 23.0 + 3 0.2 + 0.15 1:50 29.0+ 12 0 1:8 1 39 50 +25 103 +0 Ne. 
VI 

VII 

iII, 

3 

5 

2 

16.7 + 3 

17.0 + 3 

15.5 + 5 

2.0 + 2.0 

0.8 + 0.7 

0.2 +0.0 

1:32 

1:46 

1:113 

24.7 + 2 

27.4 ±2 

28.0 ±'4 

0 

0 

0 

1:32 

1:8 

1:56 

0 

0 

2 

--

--

35 

75 + 53 

35 +12 

60 + 0 

96 '+9 

Neg. 

Neg. 

Ix 2S"'--- 13.5 + 5 19.0 + 21.0-- :-.-- 1:111 22.0 -f+4 0 ---- 1:80 -­ 2 42 ..... 
4 17.2 +4 2.2 + 0.5 1:56 29.0 + 2 0 1:17 4 45 -­

xI 

A 

1 

2 

11.0 

19.06 

2.0 

.0 1.01.0 

1:160 

1:40 

27.0 

25.0 +0 

0 

0 

1:80 

1:8 

1 

2 

35 

31 

-­, 

-­

(1) Days required for CF titer to drop below the diagnostic 1:5 titer.
 
(.2) 
 A total of 21 calves failing to relapse after treatment were tested for residual infectivity by subinoculating 200 ml,
blood into splenectomized calves. 
This was done at varying times after treatment.
 

Paras.: 
 Parasitemia or percent parasitized erythrocytes.
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Promising Therapeutic Agents for the Elimination
 

of Anaplasma marginale in the Carrier Animal
 

(Presented at the USAHA Meetings Oct. 1971 to be Published in Proceedings)
 

The need for and the implementation of an effective program for the
 

reduction of losses due to anaplasmosis has been discussed for years by
 

both the veterinarian and the livestock producer. The continuation of re­

search progress inevitably brings the goal of anaplasmosis control nearer.
 

In recent years significant progress has been made in the area of vaccine
 

production (3,11, 14), and in the development of new and effective diag­

nostic procedures (1). Both of these advances can perform an important
 

function in the reduction of animal losses due to anaplasmosis. The per­

sistant nature of Anaplasma infections, even after apparent recovery,
 

creates serious problems when eradication programs are con& ered. A
 

therapeutic approach which would effectively eliminate the disease agent
 

from infected animals will probably play an important role in control
 

programs of the future.
 

For many years the tetracyclines have been the drugs of choice in
 

treating clinical anaplasmosis and in eliminating the carrier state of
 

infection. A number of workers (4, 6, 7, 13) havezIn the past reported
 

on the efficacy of these drugs showing them to be useful and effective.
 

The elimination of the carrier status with tetracyclines usually requires
 

either daily injections for 10 or more days or a low level feeding pro­

gram for 30 to 60 days. Both procedures are time consuming and expensive.
 

A more efficient regime to eliminate carrier infections would significantly
 

contribute to the control of anaplasmosis.
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A program of test and treatment appears practical for the 
eradication
 

The problem of eradi­
of anaplasmosis in some areas of the country (15). 


cation ismore difficult in those areas where ticks serve 
as biological
 

vectors and wildlife are a reservoir of infection.
 

During the past few years a new drug, in addition to the tetracyclines,
 

has attracted some attention as a possible therapeutic-agent. 
In 1965 the
 

in the treatment of
 effectiveness of an a-dithiosemicarbazone (356 C 61)* 


Since that time several reports have been
 anaplasmosis, was reported (2). 


More

published confirming the effectiveness of this agent (5, 9, 10, 12). 


recently favorable results have been reported using the a-dithiosemicarbazone
 

The results suggest that the simultaneous use
 with oxytetracycline** (8). 


of these drugs was more effective than either alone.
 

In addition to the dithiosemicarbazone a second material, Imidocarb
 

- carbanilide dihydrochloride) or 4A65, has

(3,3'-Bis-(2-imidazolit 2-yl) 


been tested and shows promise in the treatment of anaplasmosis.
 

This report will review results of studies dealing with these 
3 agents,
 

oxytetracycline, 356 C 61. and 4A65, when used for the elimination 
of ana­

plasmosis carrier status in splenectomized calves.
 

Splenectomized calves bave proven useful in these preliminary studies
 

largely because of the characteristic A. marginale relapses which 
occur in
 

In these experiments,
treated animals that retain a non-apparent infection. 


calves failing to show a relapse within 62 days of treatment have been 
shown
 

to be free of infection by subsequent infectivity tests, and in many instanzes
 

by later re-challenge. Splenectomized calves are an abnormal system, and
 

these results should not stand alone without further trials,in Intact 
cattle.
 

* Burroughs-Wellcome and Co., Inc., Raleigh, North Cdfblina. 

•* Liquamycin injectable: Chas. Pfizer & Co., Inc., New York, N.Y. 
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These results are useful to delitleate the relative activity of 'various
 

treatment schedules, and provide the basis for future studies.
 

Materials and Methods:
 

Treatment was administered to 59 splenectomized, A. marginale-infected
 

dairy type calves of mixed breeding ranging in age from 5-21 months witb an
 

average of 10.8 + 4 months.
 

Groups I, II, and III consisted of 14 calves treated with 356 C 61 only
 

(Table 1). Calves in Group I 
were treated 5 times at 24 hour intervals with
 

5 mg/kg injected intravenously (I.V.). 
 Calves in Group II were treated 10
 

times at 24 hour intervals with 5 mg/kg injected I.V. 
A totai of 8 calves
 
in Group III were injected intramuscularly (I.M.) either 3 
or 4 times with
 

5 mg/kg 356 C 61 at varying intervals. Treatment was administered to 1
 

calf, 3 times, at 48 hour intervals; to 3 calves, 4 times, at 3 and 4 day
 

intervals (twice a 
week); to 3 calves, 3 times, at 7 day intervals; and to
 

1 calf, 3 times, at 14 day intervals.
 

Groups IV, V, VI, VII, and VIII consisted of 33 calves treated with
 

356 C 61 and oxytetracycline (Table 2). 
 Calves of Group IV were treated 3
 

times at either a 24 or 48 hour interval with 2 mg/kg 356 C 61 and 11 mg/kg
 

oxytetracycline. 
Calves of Group V were treated 3 times at either a 24 or
 

48 hour interval with 5 mg/kg 356 C 61 and 11 mg/kg oxytetracycline. Calves
 

of Group VI were treated 3 times at 72 hour intervals with 5 mg/kg 356 C 61
 

and 11 mg/kg oxytetracycline. 
Calves of Group VII were treated 3 times at
 

either a 24 or 48 hour interval with 10 mg/kg 356 C 61 and 11 mg/kg oxytetra­

cycline. 
Calves of Group VIII were treated 2 times at either a 24 or 48
 

hour interval with 5 
or 10 mg/kg 356 C 61 and 11 mg/kg oxytetracycline. The
 

356 C 61 and oxytetracycline were mixed in and diluted with 150 ml 0.85%
 

NaCl 	(PSS) and injected I.V.
 

Groups IX and X consisted of 12 calves tested with 4A65 alone and in
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combination with 356 C 61 and oxytetracycline (Tables 3 and 3A). Calf 405
 

was treated 1 time with 4 mg/kg 4A65, 15 mg/kg 356 C 61 and 44 mg/kg oxy­

tetracycline. The 4A65 was injected I.M., and the 356 C 61 and oxytetracycline
 

were diluted in PSS and injected I.V.
 

Calves 135 and 219 were each treated 1 time, with 6 mg/kg 4A65 I.M., and
 

15 mg/kg 356 C 61 I.V. Calves 424 and 431 were each treated 1 time with 15
 

mg/kg 4A65 I.M. (Table 3).
 

Calves 217 and 248 were each treated 3 times at 24 hour intervals with
 

2 mg/kg 4A65 I.M. and 5 mg/kg 356 C 61 I.V. Calf 450 was treated 3 times at 

24 hour intervals with 5 mg/kg 4A65 I.M., and 2 mg/kg 356 C 61 I.V. Calf
 

245 was treated 3 times at 24 hour intervals with 4 mg/kg 4A65 I.M. Calves 

405 and 413 were each treated 3 times at 24 hour intervals with 5 mg/kg 4A65
 

I.M. Calf 265 was treated 3 times at 24 hour intervals with 6 mg/kg 4A65 I.M.
 

(Table 3A).
 

All animals were monitored for changes in percent parasitemia, packed
 

cell volume (PCV), and serum complement-fixation titers for anaplasmosis.
 

Blood samples were collected for this purpose twice a week a minimum of 14
 

days before and 60 days after treatment. The relapse period is expressed as
 

days following treatment required for the development of a 1% or greater A.
 

marginale parasitemia. Except for 3 calves in Table 3A, infectivity trials
 

were conducted on all animals, not showing an A. marginale relapse, by an I.V.
 

injection of 200 ml of whole blood from the treated animal into a susceptible
 

splenectomized calf. With the exception of Group I and II the time at which
 

infectivity trials were conducted was never less than 60 days and on an aver­

age was 87 days. Groups I and II were tested for infectivity 5 to 20 days
 

after treatment. In some instances blood from 2 and 3 calves was pooled and
 

injected into 1 splenectomized calf.
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Results:
 

The results following the use of 356 C 61 alone are presented in
 
Table 1. Treatment with 5 mg/kg of 356 C 61 for 5 consecutive days failed
 
to eliminate the A. marginale infection. 
The use of 5 mg/kg 356 C 61 in-

Jected 3 and 4 times at 2, 3-4, 7 and 14 day intervals was equally unsuc­
cessful. 
Treatment for 10 consecutive days with 5 mg/kg 356 C 61 was
 
apparently successful in removing evidence of A. marginale based on infec­

tivity tests, but resulted in fatal toxicosis in every animal.
 

The results of combined therapy with 356 C 61 and oxytetracycline are
 
presented in Table 2. Group IV, using only 2 mg/kg 356 C 61, in combination
 
with a constant of 11 mg/kg oxytetracycline, failed to prevent an A.' marginale
 
relapse. 
Groups V and VII, using 5 or 10 mg/kg 356 C 61 in combination with
 
oxytetracycline for 3 times at either a 24 or 48 hour interval eliminated evi­
dence of infection based on the absence of a relapse and negative infectivity
 
trials. 
 Group VI given similar drug levels 3 times at 72 hour intervals was
 
less effective, and 1 of the 3 treated calves developed an A. marginale re­
lapse 39 days after the last treatment. 
 Group VIII given only 2 injections
 
of similar drug levels at either 24 or 48 hour intervals failed in every case
 

to prevent relapse infection.
 

The results of 1 injection of 4A65 alone and in combination with 356 C 61
 
and oxytetracycline are presented in Table 3. All calves receiving only 1 in­
jection, showed a relapsing infection an average of 42 + 7 days after treatment.
 

The results of 3 injections at 24 hour intervals of 4A65 alone and in
 
combination with 356 C 61 are presented in Table 3A. 
In every instance evi­
deuce is present to indicate an elimination of A. marginale. Infectivity
 
trials are complete in 4 of 7 calves, and the 3 remaining animals have shown
 

no sign of relapse for over 60 days.
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Discussion and Conclusions:
 

A combination of oxytetracycline and 356 C 61 appears more effective
 

than either given alone. It would appear from these results that this action
 

represents more than just an additive effect, and that there may be a syner­

gistic effect in this instance. Using the drug levels reported, 4A65 appears
 

equally as competent to eliminate infection when given alone or in combination
 

with 356 C 61. This drug when given I.V. was responsible for excessive sali­

vation, lacrimation and labored brcathing. These side effects appear less
 

severe when the drug is administered I.M. or S.C., and the efficacy was not
 

altered.
 

Relapses when they occur usually do so between 30-45 days. The longest
 

relapse period observed to date has been 62 days. The occurrence of a diag­

nostic relapse negates the need for infectivity trials. Our experience has
 

been that treated calves, failing to show a relapse within a 62 day period
 

are consistently free of infection as determined by infectivity trials.
 

These studies suggest that marked improvements are possible in treatment
 

techniques, however much needs to be done before these drugs can be freely
 

used and dispensed. Toxic side effects, tissue residues, as well as trials
 

in intact animals are indicated. Hopefully such trials will result in the
 

evolution of more effective and efficient drugs for the elimination of
 

infection.
 

Summary:
 

Two new drugs, a-dithiosemicarbazone (356 C 61) and 3,3'-Bis(2-iridazolin­

2-yl) - carbanilide dihydrochloride (4A65) have been successfully used to treat
 

splenectomized calves with anaplasmosis. Carrier infections were eliminated
 

with 5 or 10 mg/kg 356 C 61 and 11 mg/kg oxytetracycline when given 3 times at
 

either a 24 or 48 hour interval. In addition 5 mg/kg 356 C 61 plus 2 mg/kg
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4A65 given 3 times at 24 hour intervals was effective in eliminating A.
 

marginale infections. Levels of 4 and 6 mg/kg of 4A65 given 3 times at 24
 

hour intervals has proven successful in eliminating A. marginale infection.
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Table 1 

Use of 356 C 61 
to Eliminate Carrier Status in Splenectomized Calves
 
No. of Dose Rate Route of Number of Interval of Results of Infectivity 
Animals mg/kg Inoculation Inoculations Inoculations Treatment Trials 

.. Group I 3 5 I.V. 5 24 hrs Failed Positive 
.Group 11 3 5 I.V. 10 24 hrs Successful 

Fail ed 
Negative* 

Group III 8 5 I.M. 3 & 4 2, 3-4, Relapse: 40 N.T. 
7 and 14 days + 11 da 

* All calves treated with 356 C 61 ­ 10 times at the 5 mg/kg level died, apparently due to drug toxicity.
 

N.T. - No Test I.V. - Intravenous 
 I.N. - Intramuscular
 



______ 

No. of 
Animals 

Group IV 3 

Group V 11 

Group VI 
 3 


Group VII 
 8 


Group VIII 
 8 


I.V. - Intravenous
 

Table 2
 
Use of 356 C 61 
in Combination With Oxytetracycline to Eliminate
 

Anaplasma Carrier Status of Splenectomized Calves
 

Dose Rate mg/kg 


Route of No. of 
 Interval of 
 Results of
356 C 61 e 
 Inoc. Inoc. 
 Inoc. 
 Treatment 

2 11 1.V. 3 24 or 48 3/3

L hrs Failed
5 11 I.V. 3 24 or 48 11/11 


hrs 
 Successful 

5 11 I.V. 3 72 hrs 2/3 


. .... 
 I Successful
10 11 I.V. 3 24 or 48 8/8 


~ ~-------- hrs I-_.Successful 
5 or 10 11 I.V. 2 24 or 48 8/8 


hrs Failed 


Relapse 

Time 
Days 

Infectivity 
Trials 

31.7 
± 14.1 N.T. 

11/11 

Necative 
39.0 2/3 

Negative 
8/8 

____ 

41.9 
Necative 
N.T. 

± 9.6 

N.T. - No Test 

tO 



Table 3 
Use of 4A65 Alone and in Combination With 356 C 61 
to Eliminate
 

The Anaplasma Carrier Status of Splenectomized Calves
 

Group IX
 
4A65 
 356 C 61 
 Relapse


Calf 
 No. of Time
No. of Result of InNumber m /kg Route Inoc. 
 mg/kg Route Inoc. 
 Treatment Days

405* 4 I.M. 1 15 I.V. 1 Failed 42 

135 6 I.M. 1 
 15 I.V, 1 Failed 54 

219 6 1.M. 
 1 15 I.V. I Failed 43 

424 15 
 S.C. 1 
 ... 
 Failed 
 38 


431 15 S.C. 1 - Failed 
 35 


* Treated simultaneously with 44 mg/kg oxytetracycline I.V.
 

1.1. - Intramuscular 
 I.V. - Intravenously 
 N.T. - No Test S.C. -

Infectivity
 
Trial
 

N.T.
 

N.T.
 

N.T.
 

N.T.
 

N.T. 

Subcutaneously
 

C 



1able 3A 

Multiple Injections of 4A65 Alone and inCombination With 356 C 61 to Eliminate The
 
Anaplasma Carrier Status of Splenectomized Calves
 

Group X
 

4A65 356 C 61 
Relapse
Time 

Calf 
 No. of No. of In Infect. 
Number m/kqj Route Inoc. Interval m/ka Route Inoc. Interval Days Trial 

-I.M. ­217. - 2 3 24 hrs 5 I.V. 3 24 hrs >120 Neq. 
248 2 I.M. 3 24hrs 5 I.V. 3 24 hrs >120 Neg. 

450 5 I.H. 3 24 2 I.M. 3 24 hrs >120 Neg.iIs 


-.
245 4 H 3 24 hrs --- --- -- >120 Neg 

405 S.C. 3~_ 48 hrs m_---____ ---- >120 Neg 

413 5 -S.C. - 3 __ 48 hrs --- -- ------ >90 Neg. 

,266 I.. 3 24 hrs- >120 Neg. 

I.M. - Intramuscular J.V. - Intravenous N.T. -No Test
 



(22)
 

Addendum To: 

Promising Therapeutic Agents for the Elimination 

of Anaplasma marRinale in the Carrier Animal 

A continuation of the-studies reported in the paper "Promising Thera­

peutic .... " has produced less than favorable results in some instances. 

In Table 3A Calf 450 (treated with both 4A65 and 356 C 61) was proven free 

of infection by infectivity trials consisting of the inoculation of 200 ml 

of its blood into a susceptible splenectomized calf. Similar trials were 

conducted on Calves 405, 413, and 465, all receiving only 4A65 given in 5 

and 6 mg/kg levels 3 times at 24 to 48 hour intervals. In all 3 instances 

these calves were proven free of infection. 

Additional trials using 4A65 alone are reported in Table 4. Splenec­

tomized Calf 272 was treated 3 times at 24 hour intervals, with 2 mg/kg
 

injected s/c. Calf 439 was treated 3 times at 24 hour intervals with 3
 

mg/kg injected s/c. Calves 458, 457, and 431 were each treated 3 times at
 

24 hour intervals with 5 mg/kg injected s/c. Calf 437 received the same
 

treatment but at a 48 hour interval. Intact Calf 401 was treated 3 times
 

at 24 hour intervals with 5 mg/kg, s/c. This calf was checked for residual
 

infectivity by splenectomy 90 days after treatment.
 

Calves 404, 429, and 436 were each treated 2 times at a 14 day interval
 

with 5 mg/kg injected s/c.
 

Calf 272, receiving 2 mg/kg, relapsed in 67 days. Calf 458 relapsed
 

in 53 days. Calves 457 and 431 both died, the cause of death being unknown,
 

but drug toxicosis was suspected. Calf 404, receiving 2 treatments at a
 

14 day interval, relapsed, 34 days after the last treatment.
 

Calves 439 (3 mg/kg - 3 times at 24 hours interval), Calf 437 (5mg/kg ­

3 times at 48 hours interval), Calf 401 (5mg/kg - 3 times at 48 hours interval),
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Calf 436 (5 mg/kg - 3 times at 24 hours interval) have been shown free of
 

infection. Calf 429 will be tested soon for infectivity, but at present
 

is still under observation for possible relapse.
 

Adult intact Cows 409, "417, and 419, all carriers of anaplasmosis were
 

treated with 4A65 to determine the influence of each treatment on the car­

rier status. All cattle were checked for carrier status by the CF test and
 

by calf inoculation into splenectomized calves. All 3 cows were very old,
 

and in poor flesh, reflecting the effects of poor pasture conditions and
 

insufficient supplementary feed.
 

On day 0 Cow 409 was treated with 5 mg/kg, 4A65, injected subcutaneously.
 

The CF titer was 1:80 at the time of treatment. On days 2 and 4 the treat­

ment was repeated. The cows weight was 610 pounds. On day 39 the cow died
 

and was necropsied. Prior to death marked sub-mandibular and facial edema
 

was noted. There was marked'lacrimation and swelling about the eyes. A BUN
 

conducted 17 days before death was 43 mg%. Necropsy findings were clouded by
 

advanced autolysis, but there was edema throughout, excessive fluids in the
 

peritoneal and thoracic cavities, and a degree of nephrosis. It is probable
 

that drug toxicosis played a role in the death of this animal, however, it
 

is not unlikely that the advanced age, and poor condition of the animal
 

contributed to the fatal reaction.
 

Cow 419S was treated on day 0 and again on day 14 with 5 mg/kg 4A65
 

Injected s/c. On day 16 Thamisol was administered for the control of in­

ternal parasitic infestation. The BUN on day 21 was 72, on day 41 it was
 

130. Death occurred on day 41. Prior to death Cow 419S showed marked sub­

mandibular and facial edema. Severe lacrimation, and marked keratitis in
 

both eyes was present to the extent that the cow was almost blind, and
 

it had apparently been in ths situation for quite some time. Necropsy
 

showed severe nephrosis, peritoneal and thoracic exudates. Again drug
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toxicosis is suspected, but secondary factors may have contributed to death.
 

Cow 417 wastreated on day 0, 7, and 14 with 5 mg/kg 4A65, injected s/c. 

The BUN on day 41 was 34, and on day 48 was 26. Cow 417 showed some facial 

edema, but not as marked as seen iD Cows 409"and 419. Cow 417 was checked 

for infectivity on day 41. As of day 65, other than general weakness and 

poor condition it shows no-signs of drug intoxication, or evidence of 

Anaplasma relapse. 
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Table 4 

Treatment With 4A65 for The Elimination of Carrier Infection
 
(Subcutaneous Injections)
 

Calf rnglkg r1o. of Interval Relapse.. Infectivity
 
NumberI TreatJnts Time t1) Trials
 

,__,._(Days)
 

2 	 3 24 hrs 67
272 


439 3 3 24 hrs >158 Neg.
 

401(2) 5 3 	 24 hrs >120 Neg.
 

24 hrs .53
458 5 	 3 


3 24 hrs Died*
457 	 5 


5 3 24 hrs Died*
431 


437 5 3 	 48 hrs >90 Neg.
 

404 5 2 	 14 da 34 N.T.
 

429 5 2 14 da >60 N.T.
 

436 5 3. 14 da >102 Neg.
 

N.T. - No Test.
 

*Died 6 and 15 days after last treatmant - Suggestive of Drug Toxicosis.
 

(1) - After last treatment. 

(2) - Intact calf (splenectomized 90 days after treatment, no sign of 
relapse). 
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Repeated Administration of Therapeutic Agents for
 

the Prevention and Elimination of Anaplasma Infection
 

A proven method for elimihating or preventing anaplasmosis is the
 

continupus low level feeding of tetracyclines daily for 60 to 90 days.
 

Ddily injections of tetracyclines, at therate of 5 mg/lbs, fof 10 to
 

14 days is also reported to be effective in eliminating infection. These
 

procedures while useful.are not 100% effective, and require a prolonged
 

course of treatment which is both time consuming and expensive. This
 

some anaplas­treatment is the best now available and is being used in 


mosis control programq. The reactor cows are removed from the herd,
 

treated and then returned to the herd.
 

Using splenectomized calves studies have been made with several
 

variations, to better e ,sluate not only the tetracyclines but also 4A6
 

when administered ove Au extended period of timp. Splenectomized
 

calves have been usedto more severely test the value of the various
 

therapeutic agents. The'anaplasmosis response insplenectomiged calves
 

closely resembles the disease inpduLt cattle, and such calves are more
 

consistently susceptible than adult cattle. It is probable that the
 

marked immune response to in­splenectomized calf is unable to elicit a 


fection1 and that which does occur is inadequate. The response of the
 

Anaplasma organism to specific drugs can be measured in these animals
 

with a mihimum of influence by the animals normal protective mechanisms.
 

The general assumption is that if treatment is effective in this host it
 

will be even more effective in intact animals, probably at a lower dose
 

ranges
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Both preventive therapeutic measures and treatment procedures to
 

remove the carrier infection have been tried.
 

Preventive Procedures:
 

The addition of tetracyclines to salt has been suggested as a pos­

sible preventive measure. It is questionable that sufficient tetracy­

clines would be ingested by this means. 
 If tetracyclines were used at
 

the rate of .5 mg/lbs, 5 grams daily would be required for a 1,000 pound
 

animal. 
Used at the rate of 0.1 mg/lbs, only 1 gram daily would be re­

quired for a 1,000 pound animal. Considering that adult cattle will 

consume approximately 10 grams of salt daily (Morrison's Feeds & r eding)
 

it would be feasible to obtain an intake of 1 to 2 grams of tetracycline
 

daily. 
At current prices, 1 gram of Aureomycin costs appro:;imately $0.125.
 

A therapeutic and preventive dose at 0.5 mg/lbs would cost the producer
 

$0.62 a day or $37.50 for a 60 day feeding trial.
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Prevention Experiment #1:
 

Three splenectomized calves were used in this experiment, Calf 495
 

(figure 1), was fed chlortetracycline at the rate of 0.1 mg/lbs body
 

weight daily beginning 14 days before Anaplasma exposure, which consisted
 

of the injection, s/c, of 1 ml whole blood from Calf 460, a splenecto­

mized carrier. A similar exposure was given weekly to simulate the
 

continuous exposure expected under natural conditions. Treatment and
 

exposure continued until day 44, when the experiment was terminated due
 

to the death of 495 from acute anaplasmosis.
 

Calf 488 (figure 2), was fed chlortetracycline at the rate of 0.5
 

mg/lbs body weight daily beginning 14 days before anaplasmosis exposure.
 

This was accomplished by adding Aureomycin crumbles (Cyanamid) to the
 

daily grain ration in amounts calculated to give the desired dose rate.
 

Calf 488 was challenged on day 14 and every 7 days thereafter, by the
 

s/c injection of 1 ml blood from Crlf 460. 
On day 35 an increase in CF
 

titer was detected, this was followed by a marked increase in 
an Anaplasma
 

parasitemia, and a drop in PCV. After dropping to 15% the PCV showed
 

signs of returning to normal. Observations of this calf are reported up
 

to 84 days, and are continuing. It is planned to continue the present
 

course of treatment, and periodic exposure for at least another 80 days.
 

Calf 404 (figure 3), served as an untreated control, inoculated s/c
 

with 1 ml blood from Calf 460. First diagnostic evidence (1%Anaplasma
 

parasitemia, or a 4+ CF response) was detected on day 21. 
 This was fol­

lowed by a 58% parasitemia, a high CF titer of 1:640, and a drop in PCV
 

to 7%. Following a low PCV of 7% the animal recovered.
 

Discussion and Conclusions:
 

Chlortetracycline, at the rate of 0.1 mg/lbs, failed to prevent acute
 

anaplasmosis. It may have retarded slightly the onset of disease when
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compared with the untreated control. Chlortetracycline at the rate of
 

0.5 mg/lbs while not preventing anaplasmosis !id modify the severity of
 

infection when compared with the untreated control. 
Calf 483 will bp
 

followed for an additional 80 days to determine whetler or not contin,:r­

fceding will inhibit characteristic relapses, and possibly eliminate the 

infection. Franklin and others have & .crved that 0.5 mg/lbs fed daily
 

for 60 to 90 days will in some instances eliminate the carrier state.
 

Ihesa results suggest Lhat, i.i splenectomized calveB, 0.1 and u.5 mg/lbs
 

chiartetracyclina is insu."ficient 
to prevent clinical ana-lasmosis.
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Prevention Experiment #2:
 

In view of the apparent anaplasmacidal effects of 4A65 under some
 

conditions, it 
was decided to use this agent as a prophylactic drug in
 

the presence of weekly Anaplasma exposure.
 

Calf 434 (figure 4), 
was exposed by the s/c injection of a 2 ml
 
inoculum consisting of 50% whole blood from an acute case of anaplasmo­

sis which had been frozen with equal parts 6% DMSO in physiologic saline
 

in August, 1969. 
 The injection was made immediately after thawing. 
Drug
 
treatment consisted of the s/c administration of 5 mg/kg 4A65, given on
 

days 0, 28, 56, and 84. 
 First evidence of anaplasmosis occurred on day
 

119, 35 days after the last treatment, and 49 days after the last inocu­

lation of infectious material.
 

Calf 433 (figure 5), 
was exposed to anaplasmosis in the same manner
 

as described for 434. 
Treatment was similarly administered on days 0, 28,
 
and 56. 
 No evidence of anaplasmosis was seen in Calf 433 at day 140. 
On
 

day 160 Calf 433 was challenged by the s/c injection of 1 ml whole blood
 

freshly drawn from 460. 
Evidence of infection developed 19 days after
 

challenge, and the animal proved to be fully susceptible.
 

Calf 439 (figure 6), was an untreated control, exposed to identical
 

infecting inoculums as described for Calf 434. 
 The first evidence of
 

infection occurred on day 35. 
 Typical elevated CF titers, and low PCV
 
values associated with an Anaplasma parasitemia characterized the con­

trol response, and demonstrated the viability of the inoculating organism.
 

On day 105 Calf 439 was given a series of 3 injections at 24 hour inter­

vals consisting of 5 mg/kg 4A65. 
A marked increase in PCV's was noted,
 

and on later tests this calf was found to be negative for Anaplasma.
 

Conclusion:
 

Treatment with 5 mg/kg 4A65 at 4 week intervals was partially
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successful in preventing anaplasmosis. The long incubation period (35
 

days) observed with the control does suggest that the challenge inocu­

lum was of low titer. Evidence of infection was, however, prevented in
 

1 animal and retarded in a second. 
This approach may have merit in a
 

situarion where premunition is desirable, but the severe effects of in­

fection need to be minimized. 
There is a strong possibility that contin­

uous 
treatment as described might entirely block infection in the intact
 

calf if exposures were moderate in nature. 
This is suggested by the
 

prevention in splenectomized Calf 433.
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Prevention Experiment #3:
 

The relatively long incubation time for the control Calf 439 In
 

Experiment 42 suggests that a low level challenge was being used in this
 

instance. 
 This experiment was essentially the same as #2, except that
 

the infecting inoculum was freshly drawn blood from a splenectomized
 

carriel- calf.
 

Calf 461 and 462 (figures 7 and 8), wore treated the same in every
 

respect. The infecting inoculum waR ,iven weekly beginning on dny 28,
 

and consisted of 1 ml blood, freshly collected from a splencctomized car­

rier calf (460), and injected s/c. The first 4 infections (days 0, 7, 14
 

and 21) were composed of material that hi d been frozen (the same as used
 

for 'alf 434). Treatment consisting oZ injecting s/c 5 mg/kg 4A65 every
 

4 weeks or 6 times for the 140 day pcriod.
 

o-oh Calves 451 and 462 developed cvidence of anaplasmosis, after a
 

long incubation period. 
Calf 461 showed Aigns of infection on day 84.
 

This response was mild, being characterized by a high CF of 1:640, a high
 

parasitemia of 3% and a low PCV of 15, 
 which was 62% of n.rmzl. This
 

is considered a mild response to infection induced in splenectomized calves
 

by a.tiiicial needle challenge. Calf 462 developed first signs cf infec­

tion on day 63. The resulting infection was mild in that the high parasi­

temia %,as only 3%, the low PCV was 20% (or 55% of normal) and a h~gh CF
 

titer of 1:160 occurred. The anemia did not peo:sst, but tie an.ial rapid­

ly reco\erad.
 

Tc nerics of weekly exposure and treatmnt every 4 wec'.i :s con61nuing.
 

The untreated control for this experiment was Calf 404 (figure 3). 
 Calf
 

404 developcd evidence of intection on day 21, characterizod y 4 parasitemia
 

of 58% and u high CF tiLer of 
1:640, and a drop to 7% PIV (29% of normal).
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Prevention Experiment #4:
 

This experiment employs a minor variation of experiments 2 and 3,
 

in that the 4A65 will be given weekly not every 4 weeks.
 

Beginning on day 0, Calf 490 (figure 9), 
was treated weekly with
 
1 mg/kg, 4A65 administered s/c. 
Calf 490 was infected at weekly inter­

vals beginning on day 14 by the injection of 1 ml freshly drawn blood
 
from Calf 460. 
The first evidence of anaplasmosis was observed 21 days
 
after the initial anaplasmosis exposure. 
The reaction was characterized
 

by a drop in PCV to 8%, or 32% of normal, a marked serologic response to
 
the CF test associated with a high Anaplasma parasitemia.
 

No evidence of drug effect was detectable when the reaction is 
com­
pared to Calf 404, the untreated control. 
This animal was given approxi­
mately the same amount of 4A65, as proved effective in Calves 461 and 462,
 
but the treatments were given at weekly not 4 week intervals. 
It might
 

be possible to sumise that 4A65 is
more effective when high blood levels
 
are reached, rather than lower sustained blood levels maintained over a
 

period of time.
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Treatment Experiment #5:
 

This study involves the use of chlortetracycline fed daily at varying
 

dose levele, and for different times, to splenectomized Atiaplasma carrier
 

calves to measure the relative effect of such treatment on parasitemia,
 

PCV, and CF titer, when compared to non-treated controls.
 

Calf 434 (figure 10), was fed chlortetracyline at a rate of 0.1 mg/lbs
 

for 28 days. A severe Anaplasma relapse at this time suggested that this
 

dose level was insufficient to control the cyclical manifestation of Ana­

plasma. For this reason the treatment level was increased to 0.5 mg/lbs
 

for an additional 102 days. During this time mild relapses were observed
 

at about 45 days, and again at day 105. A gradual regression of CF titers
 

was noted along with a marked increase in PCV which stabilized at about
 

day 56. A marked relapse occurred in 434 about 24 days after the discon­

tinuance of chlortetracycline therapy, which was characterized by a PCV
 

of 18%, a 4% parasitemia, and an increase in CF :.ittr to 1:80.
 

Calf 279, (figure 11), was fed chlortetracycline at the rate of 0.5
 

mg/lbs, daily for 60 days. There was no parasitemia evident throughout
 

the treatment period, and the CF titer declined from a titer of 1:80 to
 

negative within 66 days. No significant fluxuations occurred in the PCV
 

during the 140 day observation period other than a slight depression due
 

to an Eperythrozoon infection which was controlled with neoarsephenamine.
 

At day 126, infectivity trials, involving the transfer of 200 ml whole
 

blood from 279 to a splenectomized calf, proved ne;nive, .r...'-t ,
 

that in this instance 0.5 mg lb- was sufficienL 'or the Lemoval vf
 

infection.
 

Calf 450 (figure 12), was fed chlortetracycline at the rate of 1.0
 

mg/lbs for 70 days. Treatment was started at a time when the parasi­

temia was 3%, and was declining after a relapse infection. A parasitemia
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did not recur during the treatment period, but a relapse infection was
 

detected at 101 days or 31 days after treatment. The CF titer declined
 

from a titer of 1:40 to 1:5 where it remained constant for the remaining
 

period of observation. A favorable PCV response occurred during treat­

ment, but a marked drop is anticipated to follow the recorded parasitemia
 

on day 101.
 

Calf 424 (figure 13), was fed chlortetracycline at the rate of 5.0
 

mg/lbs daily for 60 days. 
This is the suggested level of treatment for
 

carrier cows in the USDA eradication program, and is a level generally
 

considered effective for the elimination of anaplasmosis. The parasitemia
 

present at the onset of treatment disappeared during the treatment sched­

ule. This was accompanied by a marked increase in PCV, and in a reduction
 

in CF titer from 1:80 to 1:5. 
About 3 days after the discontinuance of
 

treatment a marked parasitemia was seen. This developed a high of 6.5%
 

before regressing.
 

Calf 191 (figure 14), a non-treated control shows marked re-cycling
 

Anaplasma parasitemias with the accompanying drops in PCV and the main­

tenance of a fairly high level of CF activity. The cycle appears to
 

repeat itself about every 30 days in a manner that is striking for its
 

consistency.
 

Discussion and Conclusions:
 

When comparisons are made with the untreated control, it becomes
 

obvious that chlortetracycline has specific activity in the treatment of
 

Anaplasma. The 0.1 mg/lbs level was too low to effectively influence
 

the growth of the Anaplasma organism in splenectomized calves. Growth
 

inhibition was however detected at all other levels; 0.5, 1.0, and 5.0
 

mg/lbs. It is suprising that elimination of infection occurred in Calf
 

279 at a 0.5 mg level, whereas, 5.0 mg was unsuccessful in eliminating
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the infection in 424. 
There are apparently other factors influencing the
 

in vivo susceptibility of A. marginale than the dose level. 
Efforts to
 
find a pattern, or history to explain this paradox have been unsuccessful.
 

Every calf tested, including 279 had a history of previous treatment with
 

4A65. Chlortetracycline, had not been used in any of those animals tested
 
There is the possibility that prior exposure to 4A65 at a sub-lethal level
 

may interfere with future drug activity, but there is only circumstantial
 

evidence that this is the case. 
The obvious cycle patterns observed in
 

infected calves also suggest the retention of infection in a form or at a
 
time in its life cycle when it is resistant, or protected in someway from
 
the effects of the therapeutic agent. 
 This might explain the need for pro­

longed therapy, in order to eliminate infection. This cycling is not
 

apparent in the intact animal, but probably does occur. 
The drug must be
 
present when the organism becomes vulnerable, or else the carrier infec­

tion persists. 
This is partially substantiated by the disappearance of
 

infection in Calf 279 treated 60 days at a 0.5 mg level, when treatment
 

was started with no parasitemia evident. 
 It is possible that treatment
 

started at this time spanned a period of organism vulnerability. In
 

Calf 424 treatment was started at the very end of an acute phase and to
 

follow the assumption of cyclical vulnerability, it might be guessed
 

that some dormant, or drug resistant forms had developed which persisted
 

longer.than the 60 day cycle. 
Treatment was stopped at about the same
 

time that the parasitemia cycle recurred. 
These possibilities should be
 

considered in establishing treatment programs for use in future eradi­

cation programs, and pose questions that must be answered by further
 

research.
 

Failure to eliminate infection in splenectomized carrier calves
 

confirms our earlier assumption that such animals would prove a 
more
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difficult test for a therapeutic agent than would normally occur, and
 

that an agent or compound effective in these experimental animals, would
 

be effective against the intact animal and allow a considerable margin
 

of safety.
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Treatment Experiment #6:
 

We have successfully eliminated the Anaplasma carrier state in
 

splenectomized calves by 3 inoculations of 4A65 at 2! and 48 hour inter­

vals, and by 2 inoculations at a 2 week interval. It would be desirable
 

in light of the 30 day cycle seen in the untreated control to measure the
 

response to multiple treatment with 4A65 at a 28 day interval.
 

Calves 459 and 463 (figures 15 and 16), have been treated identically,
 

insofar as treatment is concerned. Both are splenectomized carriers, and
 

beginning on day 0 each was treated with 5 mg/kg 4A65 injected s/c. Such
 

treatment consistently failed to prevent the Anaplasma cycle. Neither
 

animal developed severe clinical signs of infection, the PCV's remained
 

fairly constant when compared to the untreated control, indicating the
 

marked influence of 4A65 in preventing severe Anaplasma response. In 463
 

this cycle occurred at a fairly consistent 30 day interval. Calf 459
 

showed a more erratic cycle pattern, but recurring parasitemias were
 

noted. This pattern leads us to postulate that the drug is selective in
 

its action, and that some phase of the Anaplasma life cycle is not sus­

ceptible, and tbac a resistant phase is developing during the absence of
 

a detectable parasitemia which later produces a parasitemia regardless
 

of previous treatments, and that treatment is effective once again only
 

on the susceptible phase. There is no evidence of the development of
 

drug tolerance on the part of the Anaplasma organism, but this monthly
 

treatment is continuing to teat this possibility. In addition observa­

tions including BUNs, and SGOTs will continue for possible accumulative
 

toxic reactions to 4A65.
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Comparative.Response of Premwnization Using
 
an Attenuated Analasma marginale, a Virulent A. 
REinale 

and A. centrale in Different Age Groups

(Submitted for Publication in Tropical Animal Health and Production)
 

Anaplasmosis immunization, in areas where this disease is endemic,
 
has for years been accomplished by the technique of premunization. 
 In
 
young animals, because of natural resistance, it is possible to use fully
 
virulent Anaplasma Marginale to induce active infections and premunization
 
under some conditions (Schmidt, 1937). 
 In many endemic zones unintentional
 
premunization is known to occur in a high percentage of calves as 
the re­
sult of transmission by nautral vectors (Kuttler and Bohman, 1960). 
 Even
 
though such calves generally become resistant to future acute infections
 
they remain carriers of the infection, thus perpetuating the disease in a
 
given area. 
A sicond possible hazard associated with either intentional
 
or unintentional premunization with virulent Anaplasma is the mild, tran­
sient, but sometimes persistent anemia associated with such infection.
 
It is not known to what extent this stress factor may influence the ani­
mals ability to cope with other hemoparasitic diseases and internal or
 
external parasitic infestations, which contribute an added burden on the
 
hemopoletic system. 
The disease hazard of premunition with virulent A.
 
marginale is increased in older animals, and is generally not recommended
 
except where the disease can be moderated by specific drug therapy.
 

Theiler (1911), in his first description of A. Sentrale, suggested

that premunization with this organism might be useful in preventing the
 
more severe disease caused by A.. marginale. 
Walker (1915), reported on
 
the use of A. centrale as a vaccine for anaplasmosis in South Africa. 
He
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reported that a prior infection of A. centrale reduced the severity of a
 

later A. marainale infection. The serologic and immunologic relationships
 

of A.marRinale and A. centrale were described in greater detail by Kuttler
 

(1967 a and b). There-appeared to be common antigens present in the two
 

organisms, which were characterized by cross reactions with the complement­

fixation test. Animals premunized with either A. centrale or A. margiuale
 

resisted a later challenge by either the homologous or heterologous organism.
 

The resistance to a homologous challenge was complete whereas the degree of
 

resistance to the heterologous challenge was incomplete. This prompted the
 

observation that an attenuated or mild A. marginale would offer better pro­

tection under those situations where premunition was indicated.
 

Ristic, Sibinovic, and Welter (1968) described the attenuation of A.
 

marginale for cattle by numerous serial passages through sheep. The re­

sulting organism was described as producing a mild infection, with few
 

if any clinical manifestations of anaplasmosis, followed by complete pro­

tection against a virulent.A. marginale (Welter and Woods, 1968). It was
 

presumed that the attenuated organism would establish a carrier infection,
 

which would result in a safe, long lasting immunity.
 

Kuttler, Zaraza, and Roberts (1968) basically confirmed the earlier
 

reports of the mild nature of the attenuated organism, and the solid im­

munity to needle challenge using a virulent A. marginale of Texas origin.
 

Field challenge on the north coast of Colombia, however, resulted in marked
 

infections among calves vaccinated vith the attenuated organism, suggesting
 

the presence of an antigenic variant of A. marginale in this area (Zaraza
 

and Kuttler, 1971).
 

The value of the attenuated A. marginale against antigenically simi­

lar, virulent organisms strongly suggests the use of this agent in areas
 

,TApn " ,,,i414A" 40 I44, maflin na phni' fni n A"nlAamnnia rnntrnl- Tho 
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severity of the premunizing infection assumes importance in the selection
 

of an Anaplasma strain for this purpose. 
This study attempts to compare
 

the relative response of adult cattle, splenectomized calves, and intact
 

calves to premunizing Anaplasma infections induced by fully virulent A.
 

marginale, the attenuated A. marginale and A. centrale.
 

Materials and Methods:
 

Infections using field isolates of fully virulent Anaplasma marginale
 

(VAM), attenuated A. marginale (AAM), and A. centrale (AC) were induced in
 

46 mature cattle, 33 intact and 38 splenectomized calves.
 

The average age of 46 adult cattle used in these trials was 6 years
 
(+ 2.9). 
 They were European type cattle of mixed breeding. A total of
 

14 adult cattle received the attenuated A. marginale (AAM). 
 Seven were
 

injected subcutaneously (s/c) with 5 ml of vaccine* (AAM), which had been
 
stored frozen and was thawed immediately prior to use. 
The remaining cat­

tle each were inoculated with 1 ml s/c of freshly collected whole blood
 

from a splenectomized calf carrying a first bovine passage of the AAM or­

ganism. Fourteen cattle were injected s/c with 5 ml of blood freshly
 

collected from a splenectomized calf carrying an AC infection.** 
 A VAM
 

infection was induced in 18 cattle. 
Six cattle were infected by the s/c
 
injection of 5 ml of whole blood freshly collected from a splenectomized
 

carrier calf. 
The remaining 12 cattle in this group were injected s/c
 
with 1 ml each of whole blood from a splenectomized carrier calf.
 

The average age of the 33 intact calves used in these trials was 3.6
 
months (+ 2.3). 
 These calves were European dairy type cattle of mixed
 

* Diamond Laboratories, Des Moines, Iowa.
 

Obtained from The Kenya Veterinary Department, Veterinary Laboratory
 

at Kabete. They in 
turn had received the organisms from South Africa.
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complement-fixation reaction or a 1% Anaplasma parasitemia. The duration 

of anemia was measured, in days, as that period when the PCV was 75% or 

less of the normal pro-infection PCV. The percent of normal PCV measures 

the relative drop in PCV as the result of Anaplasma infection taking into 

consideration the pro-infection PCV. The low PCV, high parasitemia, land 

the high CF titer observed during the course of infection are recorded 'in 

the tables of results. 

Results:
 

The response of adult cattle premunized with AAM, AC, and VAX, in the
 

absence of any treatment, is presented in Table 1. In nearly every cate­

gory significantly more severe reactions occurred in animals infected with
 

VAM, as compared to AAM or AC. There was no significant differences in
 

the severity of infections caused by AAM and AC. A significantly lower
 

CF titer was detected in those cattle having AC infections. No deaths oc­

curred among the AAM and AC groups, but 2 cattle died in the VAN group.
 

The response of intact calves, premunized with AAM, AC, and VAN, in
 

the absence of treatment, is presented in Table 2. A more severe response
 

to VAM infection was observed, but with the exception of the duration of
 

anemia these differences were not significant at the 0.05 level. Calves
 

inoculated with AAM had a longer incubation time than in the other 2
 

groups. The duration of anemia, while showing considerable animal varia­

tion was significantly longer in VAM infections.
 

The response of splenectomized calves premunized with AAM, AC, and
 

VAM, in the absence of treatment, is presented in Table 3. The reactions
 

observed in these animals resembled more nearly the response of adult cat­

tle. In nearly all categories significantly more severe reactions occurred
 

in animals infected with VAM as compared to AAM or AC. Comparisons be­

tween AAM and AC showed a more severe reaction occurring in calves infected
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with AC. Calves infected with AC had significantly higher parasitemias,
 

and a relatively lower PCV. The incuation time of calves infected with
 

AAM was significantly longer than experienced with either AC or VAM.
 

Discussion and Conclusions:
 

The longer incubation time observed in mature cattle and calves in­

oculated with AAM probably reflects the inoculum used to induce infection.
 

The AAM inoculum in most cases, particularly in calves where differences
 

reach significance, had been frozen. Bedell and Dimopoullos (1962) demon­

strated an increased incubation time following freezing, but no significant
 

alteration in severity of infection as manifested by parasitemia. Lotze
 

(1947) and Kuttler (1966) made the observation that the number of infective
 

particles or the inoculum size influenced the incubation time more markedly
 

than the actual severity of infection.
 

The relatively mild response of intact calves to all 3 anaplasms was
 

anticipated and confirms the belief that young animals have a natural re­

sistance to this organism. Of possible significance, however, is the
 

persistence of the anemia resulting from VAM infections in all 3 age groups.
 

In the absence of regular blood examinations, many of these cattle would
 

have appeared normal, but in reality the PCV remained markedly below nor­

mal for an extended period of time. No attempts were made in these studies
 

to determine the influence of this low PCV on weight gain, productivity, or
 

susceptibility to other diseases, but itwould appear that consideration
 

should be given these factors. Natural premunition with virulent field
 

strains are probably followed by a period of depressed PCVs.
 

The significantly lower CF titers associated with AC infection is
 

probably a reflection of serologic differences between A. centrale and
 

A. marginale as described by Kuttler (1967).
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There is little doubt that the results presented in this study show
 

an attenuated reaction following AC and AAM infections as compared to VAM.
 

Among intact calves and adult cattle there appeared to be no detectable
 

difference between AC and AAM, however in splenectomized calves the re­

sponse to AC infection was more severe than that produced in AAM.
 

It would appear that AAM is at least equally as mild in its premu­

nizing infection as is AC. The antigenic relationship of AAM to VAN is
 

probably closer than that of AC to AM. For this reason there would ap­

pear to be some marked advantages to using an AAM when premunization
 

appears to be the method of choice in preventing clinical anaplasmosis.
 

Summary:
 

Premunizing infections using a virulent Anaplasma marginale (VAM),
 

an attenuated A. marginale (AAM) and A. centrale (AC) have been induced
 

in 46 mature cattle, 33 intact calves, and 38 splenectomized calves, for
 

the purpose of comparing the relative animal response to these infections.
 

The VAM produced significantly more severe reactions in adult cat­

tle, and splenectomized calves, and a slightly more severe response in
 

intact calves; however, these animals were relatively more resistant to
 

all 3 infections. There was no detectable difference between the reac­

tions caused by AAM, and AC when measured in adult cattle and intact calves.
 

Among splenectomized calves, however, the AAM infections resulted in a
 

milder response as measured by the relative drop in packed cell volume and
 

percent parasitemia. The CF response was significantly lower in the AC
 

infection.
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Table 3 

Response of Splenectomized Calves to Premunition with Attenuated A. marginale,
 

A. centrale and Virulent A. marginale
 

No. of Avg. Avg. Avg. Avg. Avg. Avg. Duration Deaths 
Animals Pre-Infect. Incub. Low Percent of High High of 

PCV Time PCV Normal Paras. CF Serum Anemia 
Low PCV Titers 

-- (Z) (Days) (Z) (Z) ,,M__,_ (Days)
Attenuated 
A. marginale 13 34.2 + 5.7 27.4 17.8 53.3 7.3 1:675 21.0 0 

A. centrale 9 36.4 + 3.4 
 18.7 15.8 43.7 35.8 1:204* 14.6 0
 

Virulent
 
A. marginale 16 36.8 + 5.7 20.8 8.5 23.6 63.0 1:364 50.7 12
 

Significance NS P<0.05 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
 

*Lwer
 
DRS 
 8.6 2.5 7.64 20.3 Than 11.6 

1:675
 

+: Standard deviation. 

NS: Not significant.
 

DRS: Difference required for significance.
 

a%eh 
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Characteristics of a Premunizing Infection in Adult Cattle
 

Using the Attenuated A. marginale
 

Seven cows and 1 bull were used in these trials to evaluate the
 

nature of the premunizing infection, induced 9 months previously with an
 

attenuated A. marginale. All 8 animals were injected s/c with 5 ml of
 

vaccine (obtained from Diamond Laboratories, Des Moines, Iowa) consisting
 

of sheep blrod carrying the attenuated A. marginale strain which had been
 

stored frozen prior to inoculation. The reaction of these cattle to the
 

premunizing infection is described elsewhere in this report (Comparative
 

Response of Premunization Using an Attenuated Anaplasma marginale .... ).
 

Very little information is available regarding the duration of im­

munity or premunity following infection with the attenuated organism even
 

though it is assumed that it will resemble natural infection. If this is
 

the case itmight well be that premunity would persist essentially for the
 

lifetime of the animal. The recognized attenuated nature of the infec­

tious agent might well influence this persistence, and for this reason
 

challenge of these cattle has been delayed for 9 months. Other animals
 

will be challenged at even later dates.
 

It is not known which organism remains dominant when a virulent in­

fection is superimposed on an attenuated infection. For this reason blood
 

inoculations will be made into splenectomized calves from cows premunized
 

with the attenuated organism and later challenged with virulent Anaplasma.
 

Comparisons of the relative severity of such infections with calves inocu­

lated with blood from cows carrying only the attenuated strain should
 

indicate which organism remains dominant.
 



(69)
 

Materials and Methods:
 

Four Hereford cows (Nos. 286, 289, 291, and 293) with an average age
 

of 8.75 + 1.5 years, that had been premunized 9 months previously with
 

the attenuated organism, were challenged with virulent A. marginale by
 

injecting them with 1 ml freshly drawn blood from splenectomized Calf 135
 

having a 14% parasitemia and a PCV of 13%. These animals were observed
 

84 days for evidence of challenge infection. Complement-fixation tests
 

were conducted on serum samples, parasitemias determined on Giemsa-stained
 

thin blood smears, and PCV observed for evidence of challenge infection.
 

Fifty days post challenge 100 ml of blood was drawn from Cow 286, and an equal
 

amount from Cow 289. Splenectomized Calf 427 was inoculated I.V. with
 

100 ml of blood from 286, and splenectomized Calf 449 received blood from
 

Cow 289.
 

Three Hereford cows and 1 Hereford bull (Nos. 287, 292, 295, and
 

F73) with an average age of 6.0 + 3.7 years, that had been premunized 9
 

months previously with the attenuated organism, served as non-challenged
 

controls. A transfer of 100 ml blood was made, on the same date as chal­

lenged cows, from Cow 287 and 292 into each of 2 splenectomized calves
 

(446 and 451 respectively).
 

A yearling heifer, (297) not previously exposed to either the viru­

lent or attenuated A. marginale, was challenged as a control at the same
 

time, receiving the same inoculum as used to challenge Cows 286, 289, 291,
 

and 293.
 

The same observations were made on the 4 splenectomized calves and
 

297 to charcterize the severity of infection.
 

Results:
 

Figure 1 shows the average PCVs of the challenge and non-challenge
 

groups, for 84 days after challenge. No measurable increase in serum CF
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titers or parasitemia were detected in either group. The PCV r6mained
 

essentially the same in each group. The control (297) reacted severely
 

to the same challenge with an incubation time of 10 days and a rapidly
 

progressing anemia reaching a low of 11% on day 24. This low PCV was
 

associated with a 6% parasitemia and a diagnostic CF response. The con­

trol (297) was not expendable so at day 24, to reduce the risk of fatal
 

response, the animal was treated with 5 mg/kg 356 C 61 and 11 mg/kg oxy­

tetracycline. Recovery following treatment was prompt.
 

The average PCV and parasitemia for Calves 427 and 449 are plotted
 

in Figure 2; similar information for Calves 446 and 451 are recorded in
 

Figure 3. Calves 427 and 449 responded severely to challenge from cows
 

that had been challenged with virulent A. marginale. Calf 427 died on
 

day 59. Calves 446 and 451 reacted equally as severe, even though the
 

donor cows had been exposed only to the attenuated strain. Both calves
 

died of acute anaplasmosis, death occurring on days 35 and 42.
 

Discussion and Conclusions:
 

A virulent A. marginale failed to produce evidence of anaplasmosis
 

in 4 cattle premunized 9 months previously with the attenuated organism.
 

There were no significant differences between the non-challenged and the
 

challenge groups, even though the inoculum used for challenge was demon­

strated to be fully pathogenic.
 

The Anaplasma organism recovered from 2 cows vaccinated about 11
 

months earlier with the attenuated A. marginale proved to be equally as
 

virulent as the organism recovered from the challenge cattle. These re­

sults suggest that the Diamond organism may have reverted to virulence in
 

the first bovine passage, over a period of time. This reversion has been
 

demonstrated statistically by rapid back passages in splenectomized calves,
 

but never under these circumstances. The large inoculum administered the
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splenectomized calves may have influenced this reaction, but equal inocu­

lums were used from cows supposedly carrying the virulent organism. Another
 

possible explanation is that these cattle had been naturally exposed to
 

virulent Anaplasma during the 11 month period between premunition and re­

isolation of the organism in splenectomized calves. This seems unlikely
 

since susceptible splenectomized calves were placed in the herd to detect
 

possible natural transmission, (see 1971 annual report) and these calves
 

failed to show any evidence of Anaplasma transmission of either the viru­

lent or attenuated organism.
 

The reversion supposition must be further proved on more animals, and
 

will be investigated subsequently as calves become available. If however
 

these results are duplicated the implications of this finding will signi­

ficantly influence the concept of premunition with an attenuated organism.
 

First it seems highly unlikely that such an agent would have use in an area
 

of possible eradication since vaccination would not only be perpetuating
 

the disease, but would also eventually be maintaining the virulent organism.
 

Secondly, however, the premunization with this organism in endemic areas
 

might be expected to increase an animals protection against the virulent
 

organism gradually as the organism reverts to its virulent phase. The
 

premunized cattle show no adverse effects of this process since it likely
 

occurs so gradually, but as time and this process continue the protection
 

against virulent challenge might be expected to increase. Previous work
 

has shown the Texas virulent organism to protect against even the Colom­

bian strains, whereas the attenuated organism was less effective. With
 

complete reversion of the attenuated organism a more complete protection
 

could be expected. In the final analysis reversion to a virulent form
 

may be advantageous in endemic zones since you have the advantage of a
 

mild initial or acute phase of infection and the gradual reversion to an
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organism comparable to the virulent A. marginale. Such an approach would
 

eliminate to a large extent the high parasitemias associated with acute
 

anaplasmosis, and thus reduce the likelihood of natural transmission. It
 

is probable that transmission from the animals with an active parasitemia
 

is more easily accomplished by natural vectors during the acute, high
 

parasitemia phase than during the chronic or quiescent phase.
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Anaplasma Antigen Studies
 

IV. 	Relative antigenicity of infected erythrocytes at varying stages
 

of infection,
 

These studies are a continuation of work started in 1970 and in­

cluded in the 1971 report. A basic problem is to obtain adequate numbers
 

for valid statistical analysis. This report, as last years, should be
 

considered preliminary in nature, and will be added to, before publication.
 

We have, however, summarized available data for inclusion in this report.
 

Several variables in technique have been standardized in order to
 

obtain more comparable results.
 

Antigens have been prepared basically by the same method as previously
 

described for "Small Volume Antigen" (1971) but with the following stan­

dardizations. Efforts were made to obtain sufficient blood from each
 

animal being tested to give at least 8 ml packed, washed erythrocytes.
 

When this was impossible smaller volumes were used, but the reconstituted
 

volume was altered so as to remain standard. Erythrocytes were washed
 

3 or 4 times in vernal buffer (VB), and packed cells (usually 8 ml) were
 

lysed in 4 volumes of distilled water. Lysed erythrocytes were then fro­

zen at -20*C, and at a convenient time processed for antigen production.
 

After thawing the lysed cells were .centrifuged 40 minutes at 35,000 X-G.
 

The sediment was re-suspended in distilled water by sonication, washed 2
 

times in distilled water, and 2 times in VB using the same centrifical
 

forces After the first VB wash the material was concentrated to 8 ml
 

and centrifuged in a small tube, The sediment obtained after the second
 

VB was resuspended in 8 ml VB using sonication to thoroughly break up
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the sediment and obtain an even suspension. Corrections were made of
 

the final volume in cases where less than 8 ml packed erythrocytes were
 

harvested. If 7 ml packed erythrocytes were harvested, then the final
 

volume was 7.0 ml. Generally 4-5 ml antigen was adequate for testing.
 

Antigen titrations were conducted in much the same manner as de­

scribed in the 1971 report with minor modifications. An arbitrary
 

dilution was selected on the basis of parasitemia, and changed if the
 

results failed to show clear-cut end points. Low parasitemias usually
 

reflect low antigenicity, so this factor was used to select an initial
 

dilution. Titrations were then conducted using the following antigen
 

amounts:
 

Tube 1 2 3 4 
 5 6
 
0.1 0.2 0.3 0.4 
 0.5 0.6
 

Two rows of tubes were setup with identical quantities, using a
 

1:40 positive serum in one row, and a negative serum for control.
 

Readings were made on a Beckman "ACTA" spectrophotometer using the
 

corresponding negative serum control as standard, and measuring the op­

tical density at a wave length of 540 and slit width of 0M023. 
Based
 

on serum and positive controls a percent fixation was calculated for
 

each tube. The spectrophotometer takes both the control and test sample
 

simultaneously and records the difference. 
A positive control is used
 

to represent 100% fixation, and the negative serum control is used to
 

measure the difference in each tube. 
A sample reading is as follows:
 

Tube 1 2 
 3 4 5 
 6 2
Undiluted Antigen Amt. 0.1 0.2 0M3 
 0.4 0M5 0.6 
 4+ Cont.
 

Acta Reading 0.00 0.019 0.122 0,303 
 0,544 0.614 0.726
 
% Fixation 0 03 17 
 42 75 84 100%
 

100% represents a 4+, or complete fixation. 
In this instance 100% or 1
 

unit was not obtained at the 6th tube. 
Using the percent fixation a
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lilear regression is plotted, and based on this a 100% end point is cal­

culated and this considered as 1 unit. The following is a sample calculation: 

"X"1 Iyl" 
Antigen Amount % Fixation 

.2 3 

.3 17 

.4 42 

.5 75 

.6 84 
EX 2.0 ZY 221 
R

EX2 0.4
0.9 

44.2 

X2 = EX2 -(EX) 2 /n 0.1 

EXY - 442 
Exy - EXY-(EX'EY/n) = 22.0 
b or Regression Coefficient - Zxy/Zx 2 - 220 
Y - Y- b (X-R) or 100 - 42.2 - 220(x-.4) 

x - 0.66 

Therefore 100% fixation would be achieved by 0.66 ml of undiluted antigen, 

which would be equal to 1 unit. 

If one unit of undiluted antigen were present in 0.66 ml then 12.1
 

units would be present in 8 ml of antigen. All antigenic units recorded
 

represent the total units in 8 ml packed RBC. This is an arbitrary volume
 

and could have been expressed in any given amount, but because 8 ml was
 

normally used it was adapted as a matter of convenience. If the antigen
 

dilution had been 1+9 or 1:10 then the total number of units would have
 

been 121.
 

In the 1971 report the relationship between parasitemia and total
 

antigenicity of a given sample was demonstrated and found to be highly
 

significant. The relationship on a total of 41 antigen titrations is
 

plotted in Figure 1. These samples were from animals showing a wide
 

variety of parasitemias without regard for the stage of infection. A
 

regression coefficient of 7.227 was highly significant at a probability
 

of error <0.01 with a correlation coefficient of 0,926 which was equally
 

significant.
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The CF reaction of experimental antigens apparently provides an ad­

ditional measure of the level of antigenicity, present at any particular
 

time. The development of a successful killed vaccine is dependent on the
 

accumulation and concentration of Anaplasma antigens. This can best be
 

done by selecting the proper time for harvesting blood from the infected
 

animal and to determine the amount of. antigen and its concentrations in
 

the final end product.
 

A group of 5 antigens from calves showing an early ascending infec­

tion, a group of 10 antigens from calves chowing either a late ascending
 

infection or a maximum parasitemia, and a group of 11 antigens from calves
 

showing chronic infections were tested and compared to determine possible
 

differences in antigenicity.
 

The results are tabulated in Table 1. The average parasitemias are
 

obviously significantly different as are the average number of antigenic
 

units which reflect the high and low parasitemias and the stage of infec­

tion. The relative antigenicity, however shows some differences and was
 

calculated by the following formula:
 

Number of Antigenic Units/Parasitemia - Relative Antligenicity (RA)
 

The RA for early ascending infections and maximum infections was very
 

nearly the same. The RA in chronic infections, however, was significantly
 

greater (P:O.05) than either of the 2 other groupsc The explanation for
 

this may be due in part to the loss of sensitivity or due to technical dif­

ficulties in measuring the relatively small amounts being tested. If
 

these results are valid they do suggest that the more mature Anaplasma
 

bodies contain greater antigenic amounts for each body, or else there
 

are antigens present which are not reflected by parasitemia.
 

Regression coefficients are calculated for each of the 3 groups and
 

are recorded in Table 1, and plotted in Figure 2. It is of interest to
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note that in the early phases of infection a corresponding increase of CF
 

titer associated with parasitemia could not be demonstrated, in fact a
 

negative value was obtained. There were however, only 5 samples in this
 

group and this value was not significant. The late ascending or maximum
 

parasitemia group showed a highly significant positivie correlation be­

tween parasitemia and antigenic titer, with a regression coefficient (b)
 

of 5.9. Antigens from chronically infected animals showed a somewhat
 

higher value (b - 6.86) resulting in a steeper slope for this group in
 

Figure 2.
 

Numbers are still inadequate to draw firm conclusions, concerning
 

the dynamics of Anaplasma growth but continued studies will, it is hoped,
 

give us a better understanding of the etiologic agent and the host 
-


parasite relationship in anaplasmosis. This technique has shown promise
 

as a measure of antigen which will be useful in immunologic procedures.
 

Antigen preparations using small volumes of blood will be studied
 

from deer and sheep infected with Theileria, Babesia and Anaplasma in­

fections to see if consistent correlations occur, and if relative anti­

genicity and ­ parasitemia - antigenicity relationships exist. In
 

diseases where difficulties are experienced in finding the parasite, and
 

before the development of serum antibodies such a test as described here
 

might have diagnostic value.
 

Antigen titrations from sheep infected with anaplasmosis showed a
 

relative antigenicity of 10 + 5.3 with a parasitemia of 2 + 1.5, which
 

is comparable to values in cattle of similar parasitamiaso
 



Table 1
 

Relative Anaplasma Antigenicity at Various Stages of Infection
 

Early Ascending Late Ascending or Chronic Infections Significance 
Infections Hazim Infection 

No. of Observations 5 	 10 11 

Average Parasitemia 5.6Z ± 2.7 29.5 ± 12.0 1.2 ± 1.5 	 P<0.01 
DNS- 9.4 

Average Antigenic 29.8 ±10.5 222.7 + 91.5 19.8 ± 15.7 P<0.01 
Units DRS- 34.5 

Average Relative Antigenicity 6.4 ± 3.3 7.7 + 1.96 18.3 ± 9.0 P<0.05 
Amt. Units/Parasitemia DRS- 8.1-

Regression Coefficient -0.356 (NS) 5.9 (P0.01) 6.86 (P<0.05) 
(Parasitemia X Antigenicity) 

DES - Difference required for significance. 

I. 
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Figure I 

Correlation of CF Titers (Antigenic Units) and Parasitemia 
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Figure 2 

Regression Coefficients Between Parasitemin' and Antigenicity 

During Varying Stages of Infect:ion 
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Anaplasmosis in a Lamb
 

There is a need for a system or model whereby Anaplasma growth can
 

be accomplished in small animals or in tissue culture. This is especially
 

true in therapy trials where drug screens become desirable. Currently it
 

is impossible to utilize a large number of compounds since all tests must
 

be conducted on splenectomized calves, and these animals are not sufficiently
 

numerous to use in this manner. Another drawback is the size of the ex­

perimental model. A calf by the time he can be used will weigh 55 to 75
 

kilograms. If a drug is to be screened at 10 mg/kg itmeans that 550 to
 

750 mg. would be needed for a single treatment. Currently drugs are being
 

supplied in 100 mg. amounts, so it becomes obvious that markedly more drugs
 

would be needed before screen trials would be accomplished in calves.
 

Anaplasma is known to grow and maintain itself in sheep, even though
 

at a low level of activity. The attenuated strain of Anaplasma is sup­

posedly adapted to sheep, so it was thought that the 8-10 pound (3.6 to
 

4.5 kg) baby lamb, might, if splenectomized provide a model in which growth
 

could take place and where drug trials could be performed.
 

For this reason a baby lamb weighing about 7 pounds, was splenecto­

mized at 7 days of age, and 11 days after splenectomy infected with Anaplasma
 

marginale, the attenuated strain. A total of 10 ml of blood from Sheep 215,
 

a carrier animal, was injected I-V. into this 18 day old splenectomized
 

lamb. The results are shown in Figure 1. It will be seen that infection
 

while obviously occurring was minimal, and would be of little practical
 

value in the growth of A. marginale as an experimental model. A maximum
 

CF titer of 1:5 was detected on day 21. This persisted 1 week and then
 

disappeared. A 0.2% parasitemia was detected on day 21 which rapidly subsided.
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The lamb withstood splenectomy well and developed normally notwith­

standing surgery and infection with anaplasmosis. A year after this
 

experiment this lamb is doing well, perhaps somewhat retarded insofar as
 

growth is concerned.
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Horsefly Transmission of Anaplasmosis
 

(Antonio Betancourt and K. L. Kuttler)
 

The generally accepted theory is that horsefly transmission of Ana­

plasma marginale is essentially mechanical in that the biting insect after
 

feeding, moves from a carrier or acutely infected animal to a clean animal
 

and actually transfers a small amount of blood. If transmission is to oc­

cur it is thought that the fly must move directly from the infected animal
 

to the susceptible animal with no more than a few minutes interval. 
There
 

is no evidence to suggest an Anaplasma life cycle in the fly, or to suggest
 

that transmission is other than by mechanical means.
 

This study was designed to determine how long the flies (Tabanus sul­

cifrons and T. nigrovittatus) will remain infected after feeding on a known
 

infected calf. To do this the flies were allowed to engorge and then after
 

a 
measured time interval were ground and injected into a susceptible splen­

ectomized calf.
 

Materials and Results:
 

Both the large T. sulcifrons and the smaller T. nigrovittatus were used,
 

A feeding box with nylon mesh on one side was attached to the back or to the
 

side of the calf with flies trapped inside. The flies were left in contact
 

with the animal until feeding was accomplished. This was usually a lengthy
 

procedure covering several hours in some instances. After feeding the flies
 

were removed from the box, and after the designated time interval were ground
 

in a Vir-Tis tissue homogenizer, and in some instances further disrupted by
 

sonication. The coarse particles, wings, legs, etc., were removed by centri­

fugation. Susceptible, splenectomized calves were then injected with fly
 

material via both the s/c and i/v routes.
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A total of 7 splenectomized calves have been injected with fly sus­

pension in efforts to recover the Anaplasma organism (Table 1). Calf 454
 

was injected with a suspension of 4 Tabanus nigrovittatus 30 minutes after
 

feeding on a calf having a 5% A. marginale parasitemia. Infection occurred
 

29 days after inoculation and death due to acute anaplasmosis followed.
 

Calf 245 was injected with a suspension made from one T. nigrovittatus 24
 

hours after feeding on a calf having a 15% parasitemia. Infection did not
 

occur following this treatment. Calf 463 was injected with a suspension
 

made from 5 T. nigrovittatus 24 hrs. after feeding on a calf having a 4%
 

parasitemia. Infection was detected 31 days later which developed into
 

acute anaplasmosis with final recovery. Calf 245A was injected with a sus­

pension made from 3 T. nigrovittatus 48 hours after feeding on a calf having
 

a 4% parasitemia. This calf failed to develop anaplasmosis. Calves 406
 

and 459 were each injected with suspensions made from 1 T. sulcifrons 30
 

minutes after feeding on calves showing a parasitemia of 15% and 7% re­

spectively. Both calves developed acute anaplasmosis and Calf 406 died.
 

The final calf used in these trials 458, was injected with a suspension
 

made from 1 T. nigrovittatus 30 minutes after feeding on a non-infected
 

calf. No response to this injection was detected.
 

A second experiment was conducted using 1 calf, in which transmission
 

was attempted by allowing a fly previously infected to feed on a clean calf.
 

Calf 455, was exposed to 3 T. nigrovittatus flies, using the box previously
 

described. These flies had fed 2 and 8 days previously on calves with a
 

4% and 14% parasitemia respectively. No evidence of infection was encountered
 

in Calf 455 by this procedure.
 

Conclusion:
 

We have not found evidence of a biological cycle in the fly, nor have
 

we shown evidence to refute the belief that transmission is solely mechanical.
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Evidence is presented to indicate a reasonably long survival time in the
 

fly. It is probably not significant that the infection can be maintained
 

30 minutes in the fly, since a similar amount of blood maintained at room
 

temperature or at 370C would probably retain infection. The recovery of
 

A. marginale 24 hours after ingestion by the fly does suggest conditions
 

in the fly at least compatible with Anaplasma, and possibly could provide
 

an environment allowing the Anaplasma not only to survive but to possibly
 

grow. The presence of the organism in the fly for up to 30 minutes and
 

24 hours also suggests the possibility that the fly may not be limited to
 

3-4 minutes in which to transmit anaplasmosis after an infected blood meal.
 



Table I
 

Transmission of Anaplasmosis by the Injection of Fly Tissue
 

Response of Recipient Calf 
Calf' Fly 	 No. of Parasitemla Time After Incubation Low High High Result of 

Flies Used Donor Calf 2 Feeding, Placed PCV Paras. CF Infection
 
% On Calf
 

454 T. nigrovittatus 4 5 30 minutes 29 days 9 72 1:40 Died
 

245 T. nigrovittatus I 
 15 24 hours Negative - but susceptible to challenge
 

463 T. nigrovittatus 5 4 24 hours 31 days 6 51 1:640 Recovered 

245A T. nigrovittatus 3 
 4 48 hours Negative - but susceptible to challenge
 

406 T. sulctfrons I 15 30 minutes 18 days 9 14 1:20 Died
 

459 T. sulcifrons 1 7 30 minutes 
 21 days 6 34 1:80 Recovered 

458 T. nigrovittatus 2 Normal Calf 30 minutes Negative - but susceptible to challenge
 

1 Receiving the inoculation. 

2 Parasitemia of the calf at the time flies were feeding. 
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Trypanosomiasis
 

This work has been limited at our laboratory but is being more
 

actively pursued in The Department of Parasitology under the direction of
 

Dr. T. J. Galvin and Dr. Antonio Betancourt. The work in Parasitology has
 

been prepared by Dr. Betancourt as a Masters Thesis entitled "Studies on
 

Transmission and Incidence of Trypanosoma theileri, Laveran 1902", an ab­

stract of which is attached to this report.
 

Our work has been confined to making serial passages in blood agar,
 

embryonated chicken eggs, in tissue culture media, one unsuccessful at­

tempt at antigen production, and a field isolation In a splenectomized
 

calf.
 

A total of 64 serial passages of T. theileri were made on blood agar
 

before being discontinued. The original isolate was made in June 1970,
 

and the final culture 2 December 1971, covering a period of 18 months.
 

The cultures were made every week at a 7 day interval, being incubated at
 

28 to 30'C. The 64 passages over an 18 month period averages 1 passage
 

every 8.55 days. which reflects the extension of the usual 7 day interval
 

on a number of occassions. The Trypanosoma culture was lost after 64
 

passages. The media used for this prolonged growth was prepared essentially
 

as described by Dr. E. A. Wells as follows: 

(1) Blood agar base, Tryptose 32.0 gm. 

(2) Dextrose (analytical grade) 1.6 gm. 

(3) Distilled Water 800.0 ml. 

(4) Sheep blood ­ defibrinated 200.0 ml. 

(5) Penicillin (400 u/ml.) 400,000.0 units 

(6) Streptomycin (0.5 mg/ml.) 500.0 mg. 
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The agar and dextrose were dissolved in distilled H20 and autoclaved
 

at 120*C for 15 minutes. It was cooled to 50C, and blood which had been
 

collected aseptically and defribrinated with glass beads was added to the
 

agar 	while stirring. The temperature at 500C was maintained and using an
 

automatic pipette the blood agar was dispensed into tubes, which were til­

ted until media hardened and this was stored at 5*C till used.
 

E Passage (Antonio Betancourt):
 

On 3 occassions embryonated eggs have been inoculated with Trypanosoma
 

theileri to determine if growth will occur in this media.
 

Feb. 2, 1972: 12-10 day old embryonated eggs were used. The inoculum con­

sisted of 0.1 ml washings from a first passage blood agar slant rich in
 

trypanosomes. Half of the eggs were inoculated in the yolk sac (YS),
 

half in the allantoic cavity (AC). On the fifth day after inoculation,
 

at 37*C, all embryos were checked for evidence of growth. No embryo
 

deaths were recorded. Trypanosomes were found in 3 of 6 eggs inoculated
 

via the YS, and 3 of 6 eggs inoculated via the AC. The trypanosomei
 

were observed in the allantoic fluids and in the blood of the embryos.
 

Feb. 	9, 1972: 12-10 day old embryonated eggs were inoculated with 0.1 ml
 

in the AC, using trypanosomes from a second blood agar passage. Seven
 

of the eggs showed signs of bacterial contamination as evidenced by
 

the death of the embryo. The remaining eggs were checked for trypa­

nosome growth on day 4 and day 5. In no instance was trypanosome
 

growth detected in any of the surviving embryos.
 

Feb. 	23, 1972: 12-12 day old embryonated eggs were inoculated with 0.1 ml
 

in the AC, using 6 day old trypanosome cultures from a fourth blood
 

agar passage. These eggs were not checked for 7 days, and all proved
 

negative for trypanosomes. Some of the chicks were about ready to
 

hatch.
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The partial success in the first effort indicates the need to further
 

explore this method of cultivation. It was hoped that a predominence of
 

trypanosome forms could be obtained by this method, which might in turn be
 

transmissible to splenectomized calves for more detailed study. This work
 

will be pursued as time permits.
 

Isolation in a Splenectomized Calf:
 

In the 1971 report efforts to isolate trypanosomes in splenectomized
 

calves was reported. These results were discouraging in that no demonstra­

ble parasitemia was observed, and no evidence of pathogenicity was seen.
 

Cultures made from these calves were positive sporadically and then went
 

negative.
 

On March 13, 1972 observations of a stained blood smear from a cow
 

suspected of having anaplasmosis revealed the presence of a fairly large
 

number of large trypanosomes identified as T. theileri. A day later 50
 

ml of blood was collected from this cow, located near Madisonville, and
 

injected intravenously into splenectomized Calf 130. Blood cultures were
 

made daily, and later weekly, on blood agar slants for evidence of try­

panosome infection. The results are tabulated in Table 1, and show posi­

tive growth after day 6, whIch has remained positive for over 30 days.
 

Cultures are continuing beyond this point to determine how long they will
 

remain positive. No pathologic changes have occurred in Calf 130 which
 

can be attributed to trypanosomes. A drop in PCV followed an episode of
 

Eperythrozoon infection which was controlled by treatment with Neoarse­

phenamine. Neoarsephenamine was administered on 4-7-72. Positive try­

panosome cultures have been obtained on 4-5, 4-10, 4-17, and 4-24, so it
 

is unlikely that this treatment influenced the trypanosome.
 

Even though a parasitemia in Calf 130 has not reached a level suf­

ficient to be seen, the frequency of positive cultures is encouraging.
 



(94)
 

Table 1 

Trypanosoma thelleri isolation ina Splenectomized Calf
 

Exposure Took Place March 14 With 50 ml Blood I.1.
 

Date Cultured Day Date Read Day Results 
____ ______ ______ _ __ ___ ___ Pos/Neg. 

3-15-72 1 3-20-72 5 0/3 

3-16-72 2 3-21-72 10 0/3 

3-17-72 3 3-22-72 15 0/3 

3-20-72 6 3-.24-72 19 2/3 

3-22-72 8 3-27-72 13 4/6 

3-27-72 13 3-30-72 16 0/3 

3-30-72 16 4-4-72 21 0/3 

4-5-72 22 4-10-72 27 3/3 

4-10-72 27 4-14-72 31. 3/3 

4-17-72 34 4-21-72 38 3/3 

4-24-72 41 4-28-72 45 3/3 
. . .. . . . . . . . . .. . 
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Tissue Culture Media - for Trypanosome Cultures
 

(Ronnie Ragsdale)
 

There would be some advantaget from the point of view of antigen
 

production, to grow trypanosomes in a media free of RBC. For this reason
 

tissue culture media was prepared for use in culturing trypanosomes and
 

to make serial passage. The following media was used:
 

Earle's Medium prepared as follows:
 

Solution 1 - EBS 1OX 100 ml
 

Solution 2 - LAH 1OX 100 ml
 

Solution 3 - NaHCO3 10 ml
 

H20, sterile, ion exchange 790 ml 
1000 ml 

Solutions combined and 10% sterile calf serum added. 

Solution 1 - Modified Earle's Balanced Salt Solution 1OX (EBS) 

NaCl 80.0 gm 

KC1 4.0 gm 

Ca C12 2.0 gm
 

MgSO4'H20 2.0 gm
 

NaH2PO4 "H20 1.4 gm
 

Dextrose 10.0 gm
 

Phenol Red (1%Solution) 9.0 ml
 

Pen/Strep 2.0 ml
 

H20, ion exchange q.s. 1 liter
 

Solution 2 - Lactalbumin Hydrolysate (LAH)
 

Lactalbumin Hydrolysate 50 gm
 

Distilled Water 
 1 liter
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Solution 3 - Sodium Bicarbonate.7.5%
 

Sodium Bicarbonate 7.5 gm 

H20, ion exchange 100 ml 

All solutions were sterilized by Seitz filter. Solutions 1 and 2 were 

stored at -200C. Solution 3 was stored at 4C.
 

The media was dispensed in 10 ml quantities in sterile containers.
 

Cultures were incubated at.28*C.
 

Passs6 f1: 0.5 ml whole, heparinized blood from Cow 293 was inoculated
 

into each of 5 tubes on 1-25-72. Tubes were read on 2-1-72.
 

Tube No. 1 4+
 

Tube No. 2 +
 

Tube No. 3
 

Tube No. 4 +++
 

Tube No. 5 +
 

Passage #2: 0.5 ml from Tube #4 was inoculated into each of 6 tubes on
 

2-1-72. Tubes were read on 2-8-72.
 

Tube No. 1 ++
 

Tube No. 2 +
 

Tube No. 3 +
 

Tube No. 4
 

Tube No. 5 +++
 

Tube No. 6 +
 

Passage #3: 0.5 ml from Tube #5 was inoculated into each of 6 tubes on
 

2-8-72. Tubes were read on 2-15-72. 

Tube No. 1 + 

Tube No. 2 +-

Tube No. 3 -

Tube No. 4 ++ 
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Tube No. 5
 

Tube No. 6 4-+
 

Passage #4: 0.5 ml from Tube #4 was inoculated into each of 6 tubes on
 

2-15-72. Tubes were read on 2-22-72.
 

Tube No. 1 ++ 

Tube No. 2 + 

Tube No. 3 + 

Tube No. 4 

Tube No. 5 -

Tube No. 6 + 

The viability of trypanosomes under these conditions was gradually
 

declining, and passage at this point was discontinued. Further work is
 

planned to determine how many serial passages are possible, and what
 

concentrations of trypanosomes can be achieved by this method.
 

One attempt at pro4ucing an antigen from the cultured trypanosomes
 

was unsuccessful. Future attempts will be made.
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ABSTRACT
 

Studies on Transmission and Incidence of
 

Trypanosoma theileri, Laveran 1902. (May1972)
 

Antonio Betancourt Echeverry, DV.M.
 

Directed by: Dr. Thomas J. Galvin
 

A total of 129 Tabanus nigrovittatus Macquart were collected and
 

dissected 5 days after having fed on a cow infected with Trypanosoma
 

theileri; flagellates resembling the genus Blastocrithidia were found
 

in the hind gut of 8 of the Tabanidae. The possibility of these flagel­

lates being the insect stage of T. theileri was suggested, but definite
 

proof of this fact could not be obtained since inoculations into calves
 

raised free from Trypanosomes failed to produce any infection. The need
 

for further research on this area was stressed.
 

Studies on the incidence of infection with T. theileri in 235 cattle
 

of different age, breed and sex, in 6 vegetational areas of Texas, were
 

carried out. T. theileri was found in 149 (63.4%) of the 235 blood sam-


The highest rates of infection
ples examined by culture in blood agar. 


were found in two localities (Angleton and Sugarland) close to West GaZ­

veston Bay within the Gulf Praries and Marshes; a high incidence was also
 

recorded at Sonora located on the Edwards Plateau.
 

The percentage of infection among calves less than 1 year old was
 

much lower (18.4%) than that of the adults (80.5%). No significant dif­

ference was found between percentages of infection in adult males and
 

females, nor between cattle of 3 different breed-groups (Holstein, Hereford
 

and Hereford X Brahaman).
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Babesia rodhaini: Drug Screen Trials
 

A series of drug trials have been conducted, using experimental
 

compounds obtained from The Walter Reed Army Medical Center, Medicinal
 

Chemistry Division as well as materials available commercially and ob­

tained by special-arrangement from cooperating drug houses.
 

Even though drugs are available which show considerable activity
 

against Babesia, more effective agents would be highly desirable. The
 

treatment of sick cattle and the alleviation of clinical symptoms is
 

really a minor part of the potential for drug therapy in the control of
 

hemotropic diseases. An agent which would eliminate the blood parasite
 

from both the vertebrate and invertebrate hosts would find wide applica­

tion. A program of prevention, and or gradual premunition using drugs
 

offers a far greater application of these agents than the treatment of
 

sick animals. A drug given once every 2 to 4 months, which would pre­

vent clinical manifestations of the Babesia and Anaplasma infection
 

would probably find wide acceptance in areas where these pathogens are
 

endemic. The eradication of disease through therapeutic means is not
 

impossible.
 

Babesia rodhaini while different, morphologically, from the cattle
 

Babesias is related, and responds favorably to known babesiacidal agents
 

such as Ganaseg and Imidocarb (see 1971 report). It is extremely diffi­

cult to screen drugs in cattle or other large animals for obvious reasons,
 

but the mouse adapted Babesia is well suited for thia function. This
 

approach is not intended to establish drugs as useful therapeutic agents
 

in the treatment of cattle, but rather to explore various chemical com­

pounds for possible activity in the hope of finding patterns which will
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direct our attention to classes of compounds which show promise for the
 

future. A secondary objective is to explore various treatment regimes
 

using combined therapy, slow release techniques, various time intervals,
 

etc. to develop a better understanding of therapeutic problems. The com­

pound 4A65 is active against bothAnaplasma and BMbesta rodhaini. Agents
 

that prove effective against B. rodhaini will be tested against Anaplasma,
 

so to a degree these trials have implications for Anaplasma.
 

Preliminary screen trials have been conducted on approximately 19
 

materials. The dosage and treatment regimes are tabulated in Table I, An
 

identification of each drug is given in Table 2.
 

Materials and Methods:
 

White mice, weighing approximately 30 grams hAve been used in these
 

trials. All drugs have been tested in groups of 5 mice. Treatment sched­

ule and drug dosage are indicated in Table 1. On day 0 all mice were
 

challenged with B. rodhaini infected mouse blood by intraperitoneal (i/p)
 

injections. The inoculums were standardized on the basis of percent
 

parasitemia and packed cell volume (PCV). The mean corpuscular volume
 

(MCV) was determined for mouse blood by making red cell counts, and com­

paring this with the PCV. Using percent parasitemia, PCV, and MCV an
 

estimation of the number of infected red cells is possible. The challenge
 

is expressed as the number of infected red cells injected and is presented
 

in Table 1 for each challenge.
 

The drugs or treatment being tested was in most instances adminis­

tered on day 0 and 4 in relation to the challenge time. In early trials
 

the drug was given on day -4 to evaluate possible prophylactic value.
 

This was discontinued as a part of the initial screening procedure to
 

facilitate the testing of larger numbers of compounds with the idea that
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such an approach would become a part of the testing procedures where
 

activity was present.
 

The dosage used for each drug is indicated in Table 1, and with few
 

exceptions is based on body weight. 
Freunds complete adjuvant (FCA) was
 

arbitrarily given in 0.1 ml amounts i/p. Peanut oil was given in 0.6 ml
 

amounts i/p, and 0.1- 0.2 ml amounts subcutaneously s/c. Dimethyl sul­

foxide was given in 0.1 ml amounts s/c. The dose of Poly I/C was expressed
 

the micrograms (ug) given each mouse. 
In all other instances the drug
 

dosage was standardized by mixing a known weight of the compound with
 

sterile peanut oil or other diluent if indicated and adminIstered on the
 

basis of mg/kg body weight. On unknown drugs the usual range was 20 and
 

40 mg/kg given at 0 and 4 days, so that each drug was tested on a total
 

of 20 mice. Where activity was noted as in the case of 4A65 and AG 74492
 

the dose range was altered as indicated.
 

The challenge was standardized to generally give a marked parasitemia
 

on day 4. Day 0 was generally a Thursday with parasitemias being determined
 

on days 4-5-6-7-and 8 beginning the following Monday. 
Thin blood smears
 

were made on each mouse by clipping the tail to obtain a drop of blood.
 

The smears were stained with Giemsa and read in the usual manner, determining
 

the percent erythrocytes having one or more Babesia bodies. 
Deaths were
 

recorded daily. A regression analysis was made on each mouse, usually on
 

days 4-5-6-7-and 8 to obtain a regression coefficient (b) (as determined in
 

Snadecor's "Statistical Methods"), which was then used to calculate the
 

"Therapeutic Index" and to conduct an analysis of variance test for signi­

ficance. The Therapeutic Index was calculated as follows:
 

Untreated Controls: No. of Deaths x10 + b
 
Treated Mice: No. of Deaths x 10 + b
 

The usual groups contained 5 mice. As an example suppose 4 of 5 mice
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died in the control group showing an average progressive parasitemia (b)
 

In the treated group only 2 of 5 mice died, and the treatment
of 24.92. 


resulted in a slower progressive parasitemia which averaged 15.44. Then
 

4 x 10 + 24.92 - Therapeutic Index - 1.83 

2 x 10 + 15.44
 

Significance is measured by an analysis of variance of the b values
 

obtained for each of the treated and untreated controls. Each group of 5
 

treated mice was compared to a set of 5 untreated control mice, both groups
 

receiving the same challenge inoculum.
 

Notwithstanding an attempt to standard challenge, considersble varia­

tion in parasitemia at day 4 was observed, making it essential that all
 

comparisons be related to the appropriate controls. Standard deviations
 

are expressed for each progressive parasitemia to facilitate comparison
 

between treatments since only the treated versus controls were subjected
 

to statistical comparisons, these being expressed in Table 1.
 

Discussion and Results:
 

Poly I/C was included in these trials because it has been demonstrated
 

to stimulate interferon production. Interferon, while non-specific in na­

ture, does retard the growth of many intracellular microorganisms, principally
 

the viruses. Babesia and Anaplasma, also intracellular microorganisms re­

semble this pattern, so it was thought advisable to investigate this possi­

bility. No measurable therapeutic index was observed following treatment
 

with 200 ug on days -4, 0 and 4. Additional trials using larger dosages
 

will be made, as well as in combination with known effective products for
 

the possible presence of therapeutically enhancing capabilities.
 

Freunds complete adjuvant (FCA) was used not so much as a therapeutic
 

agent but as a control since this agent may have use in future trials where
 

slow drug release will be tried. In this instance it was desirable to
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show that it had no activity in and of itself. The i/p injection of this
 

drug 4 days before challenge produced an interesting response in that
 

highly significant reduction in the progressive parasitemia was detected.
 

The irritating nature of this compound is presumed to have stimulated an
 

influx of inflammatory cells into the peritoneal cavity, which were then
 

capable of retarding the rate of Babesia invasion, when the challenge was
 

given i/p 4 days later. In another instance where peanut oil was given
 

i/p a similar effect was noted, except that in this instance the effect
 

was most noticeable when the oil was given i/p at approximately the same
 

time as the i/p challenge was administered.
 

Peanut oil had no moderating effects on the progressive parasitemia
 

when given 4 days before and 4 days after challenge. The group receiving
 

peanut oil 4 days after challenge actually showed a significantly more se­

vere reaction. The apparent mechanical and non-specific influence encountered
 

with i/p injections of drugs suggested that the s/c route would be prefer­

able. The s/c route is now used entirely for drug administration with the
 

i/p route reserved for challenge. The hazard encountered using the s/c
 

route is that in some instances leakage may occur after the injection.
 

Trials to date however have not shown this to excessively affect our results.
 

Compound AB 34313, a tetracycline, showed a measure of activity when
 

administered 4 days after exposure at the rate of 20 mg/kg. This same
 

druq failed to produce significant alteration in the progressive parasitemia
 

when given at the 40 mg/kg level, even though a marked increase in the
 

therapeutic index was noted.
 

The drug 4A65 was shown to be highly effective against B. rodhaini
 

in the following amounts: 10 mg/kg, 5 mg/kg, 2 mg/kg and 1 mg/kg. Some
 

activity was noted at 0.5 mg/kg but this was near the end point. No signi­

ficant activity was detectable at 0.25 mg/kg. Early work on 4A65 was with
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a dihydrochloride formulation. More recent supplies have been formulated
 

using a dipropionate salt. There is probably no reason to assume any
 

change or alteration in efficacy between these 2 formulations, but itwas
 

thought desirable to compare their relative efficacy in our mouse experi­

mental model. The results of this trial confirm the absence of significant
 

differences. A trend was noted, however, that might indicate better results
 

with the dipropionate base in that a markedly higher therapeutic index was
 

noted. The F value in the direct comparisons of the progressive parasitemias
 

was 4.2 and needed to reach 5.32 to be considered significant at the 0.05
 

level.
 

The use of DMSO, alone and in combination with 4A65 has resulted in
 

indefinite results. There is a slight indication that virulence was enhanced
 

when DMSO w-d given alone, however the differences were not significant. No
 

advantage was seen when 50% DMSO was a diluent for 4A65.
 

The only compound to show a marked therapeutic effect other than 4A65
 

was AG 74492. The activity of this material resembled 4A65 and was highly
 

effective at a dosage of 5 mg/kg with a marked reduction in potency at the
 

2 and 1 mg/kg levels. Studies will be continued with this material and will
 

include toxicity and tolerance tests. When and if an adequate supply can
 

be obtained the effects on anaplasmosis will be measured.
 

The other compounds tested in these trials have failed to show thera­

peutic promise and will be discarded. In some instances significantly more
 

severe reactions were detected in treated animals. The explanation for this
 

is not clear, but at the present time it seems unwise to devote time and
 

facilities for duplicating these results in an effort to determine if they
 

do in fact significantly affect the course of the disease.
 

In summary the following compounds have proven effective:
 

(1) 4A65 - 10 to 1 mg/kg (both dihydrochloride and dipropionate)
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(2) 4A65 + DMSO
 

(3) AG 74492 - 40 to 5 mg/kg
 

(4) AB 34313 - The activity of this compound was marginal at 20
 

and 40 mg/kg
 

Compounds tested and were ineffective as used:
 

(1) Poly I/C
 

(2) Peanut Oil
 

(3) Freunds Complete Adjuvant
 

(4) DMSO
 

(5) AD 44560
 

(6) AX 23187
 

(7) AV 99065
 

(8) AX 63047
 

(9) Neoarsephenamine
 

(10) 7930 

(11) Oxytetracycline (40 mg/kg level) 

(12) ZE 46212 

(13) AX 26820 

(14) AY 62009 

(15) AG 40405 



Experimental
Drug 

i/p Chal. 
On Day 0 

Table IA 

Drug Screening Trials Against Babesia rodhaini 

Time of Dose No. of Progressive
Treatment Rate Deaths Parasitemia 

Therapeutic
Index 

Sig. 

Poly I/C 
*•* 

(l/p) 1 
2 

5.3 x lOS
5.3 x 10 

X34.9x10S 

0 
4 
-4 

20.0 ug
20.0 ug 
20.0 ug 

5/5
5/5 
5/5 

22.6 1 2.1 
25.6, 0.7 
20,6 ± 4.5 

1.01 
0.97 
1.02 

NS 
NS 
NS 

Freunds CompleteAdjuvant (FCA) (i/p) 
" 
N 

Untreated Control 
"8 

4 
5 
6 

7 

5.3 x 105 
5.3 x 105 
4.9 x 105 

5.3 x 10s 

4.9 x 10s 

0 
4 
-4 

-

0.1 ml 
0.1 ml 
0.1 ml 

-------
-------

5/5
5/5 
5/5 

5/5 
5/5 

27.3 ± 1.0 
240± 3.6 
14.4 ± 4.3 

23.4 ± 4.1 
22.2 ± 1.7 

0.95 
0.99 
1.12 

----

NS 
NS 

P<O.01 

.. 

NS: 

P: 

Not Significant 

Probability of Error 
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Table 18 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

AD 44560 
""2 

S" 

" 
" " 

(i/p) 

" 

1 

3 
4 
55 
6 

i/p Chal. 
On Day 0 

6.1 x 10s 
6.1 x 105 
6.2 x 10s 
6.1 x I0s 

6.1 x 105 
6.2 x10s 

Time of 
Treatment 
DayI_. 

0 
4 
-4 
0 
4 
-4. 

j Dose 
Rate 

20 mg/kg 
20 mg/kg
20 mg/kg 
40 mg/kg 
40 mg/kg 
40 mg/kg 

No. of 
Deaths 

5/5 
5/5
3/3 
3/3 
5/5 
2/2 

Progressive 
Parasitemia 

24.5 t 1.6 
28.8 t 2.4 
19.2 j 0.7 
25.8 ± 5.7 
41.6 ± 5.8 
16.8 ± 3.3 

Therapeutic 
Index 

0.95 
0.90 
0.98 
0.94 
0.77 
1.01 

Sig. 

NS 
P<O.05 
NS 
NS 

P<O.05 
NS 

Peanut Oil 
"8 

"' 

(l/p) 

" 

7 

9 

6.1 x 105 
6.1 x lOs 
6.2 x 105 

0 
4 
-4 

0.6 ml 
0.6 ml 
0.6 ml 

1/5
5/5 
4/5 

-0.6 
28.3 
15.2 

± 11.3 
± 3.2 
± 8.0 

10.4 
.91 

1.04 

P<O.O1 
P<O.05 
NS 

Untreated Control 10 
11 

6.1 x 10s 

6.2 x 105 
-
-

5/5 
5/5 

20.9 
17.7 

t 
± 

4.7 
4.0 
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Experimental 
Drug 

AB 34313 (s/c)
- ' " 

" 

" " 
" " 

Peanut Oil (s/c)
"" i 

Untreated Control 

1
2 
3 
4 
5
6 

8 
9 

10 
11 

Table IC 

Drug Screening Trials Against Babesia rodhalni 

i/p Chal. Time of I Dose I No. of Progressive 
On Day 0 Treatment Rate Deaths Parasitemia 

Day , 

5.8 x 10s 0 20 mg/kg 4/5 20.2 ± 10.0 
5.8 x 10 4 20 mg/kg 2/5 9.4 t 6.0 
5.6 x 105 -4 20 mg/kg 4/5 18.2 ± 5.4 
5.8 x 105 0 40 mg/kg 5/5 20.2 t 9.8 
5.8 X 105 4 40 mg/kg 3/5 18.8 ± 14.6 
5.6 x 10s -4 40 mg/kg 5/5 19.9 ± 1.2 

5.8 x 10s 4 0.2 ml 5/5 28.0 ­ t.2 
5.6 x 10s -4 0.2 ml 4/4 20.1 ± 1.5 

5.8 x 10 -......... 5/5 24.8 ± 3.3 

5.6 x 105 ------- 5/5 16.1 ± 9.4 

Therapeutic 
Index 

1.24 
2.54 
0.96 
1.07 
1.53 
0.80 

0.96 
0.80 

----

Sig. 

NS 
P<o.o1 
NS 
NS 
NS 
N5 

NS 
NS 

w­



1 )
 
AB34 3 .3 


i,.i
 

T~ HH 'I 

31 14 

I! IIH l ;Iii j-ijl 11Hdl zl 
.... 

L3.. 
 ;! 
fifIH 

1 ­i uf 

6 T.T 
Tw:I 

T 

tat 

4-t 

........ 

...47...... 'it H 



700 

tl~~~itl1;1,t,++..t,AB 34313 (115)

L~V
I,,.. All I ,.{piTI" %t0 tMRJR1, 4" fjt I 
iil 

CLit~ ':"
 
14 -M .,T+ ' "+"C '-+, 

L 411 +tl+13 Z 

-
a xi 4 1I f , ., , 

[t" m 

-4;-

C4 411 

Mih
 

IlI
 

i!i"
 



--- --- ------- --- -------

--

Peanut Oil (116)
 

lit, .11,H4g !M 

14 

4 

I[MM11 111 tt ft......VtiIffl, 11M IVV111-11t1111t_T11-1 1:1 

'[W-1tJ IRM 111114- 11- 111:11 lit l f:1t it t !t-
I T4 T_ N f 4 AIR 

61 ia, f4W f Tt 

J Mt. 4TV: F 

t 
T 

1slR4 1 - __ - - 'I 
zq T 

- - - : : ... ii I ::::14C3 T 

T I 

am --f-4 T.: ------ -1.- ---- ------ H-

TT E t 
I 14 :44 - X.- w: 4t, R HLLI: 

....... ........
T : 
t M I'M ff4 MT T i X T.- I 

MON15111M 01:41_: 111 #s ''q 

:L11 tf t 

HUri it M 14 T. -t Mai 4 

T 

MUM -
CL 

(x SAT + 
r V4

L 
-

+tfl-f _R tff, -H-f+ J-f+J-H+ -i+ .. 

IZUZ ----
till 

Hll 11 11H MW fl $Ill 4f,4- 1 '41 4"
flll: 

4-­
t M:1 -H 

x 

T
 
2 t 41 1 tit4 


w Tit 

. ..... T: . 
-4 TU -1 T IT T:T . . .... . .. ...... 

i . I T T T T T :T TT -M.7 T 
T 

4" 

4-1.. 4. t 1-1T, T1 41 

t ITH-1 

M1 41 1 "till. 

....................
 

44 

L T 

.. ..... ....... ...
'T 
T T I 

T 

T 

Iffill- 14411144414fl X _:T:
X 



Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

AX 23187 
U 
"" 
a 

" N 
a 

(s/c) 
a 

a 

1 
*2 
3 
44 
.5 
6 

i/p Chal. 
On Day 0 

2.7 x 10 
2.7 x 105 
3.0 x 1o 
2.7 x 105 
2.7 x 105 
3.0 x iOs 

Time of 
Treatment -­ay 

0 
4 
-4 
0 
4 
-4 

Dose 
Rate 

20 mg/kg 
20 mg/kg 
20mg/kg
40 mg/kg 
40 mg/kg 
40 mg/kg 

I No. of 
Deaths 

5/5 
5/5 
4/5
5/5 
5/5 
4/5 

I Progressive 
Parasitemia 

29.6 * 1.5 
27.2 ± 2.8 
14.6 ± 7.0 
32.1 ± 1.7 
29.7 ± 4.3 
17.7 ± 7.4 

Therapeutic 
Index 

1.01 
1.04 
1.30 
0.98 
1.01 
1.05 

Sig. 

NS 
NS 
NS
NS 
NS 
NS 

Peanut 0il 
" " 

" 

(s/c) 

"9 

7 
8 

2.7 x 105 
2.7 x 1054 
3.0 x105 

0 

-4 

0.1 ml 
0.1 ml 
0.1 ml 

5/5
5/5 
5/5 

27.1 ± 1.6 
31.0 ± 2.2 
19.8 ± 4.5 

1.04 
0.99 
1.02 

NS 
HS 
NS 

Untreated Control 
" 

10 
11 

2.7 x 105 
3.0 x 105 

-
-

5/5
5/5 

30.4 ± 4.2 
20.9 ± 1.8 

-----­
-----­
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Table 1F 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

i/p Chal. 
On Day 0 

Time of 
Treatmen
Day 

,e 
Rate 

No. of 
Deaths 

Progressive 
Parasitemia 

Therapeutic 
Index 

Sig. 

AV 99065 

n " 

(s/c) -1 
" 2 
a 4 

" 5 
" 6 

4.8 x 105 
4.8 x 105
4.8 x 105 
4.8 x 105 
4.5 x 105 

0 
4
0 
4 
-4 

20 mg/kg 
20 mg/kg
40 mg/kg 
40 mg/kg 
40 mg/kg 

5/5 
5/5
5/5 
5/5 
5/5 

31.5.t 5.0 
29.7 2.7
31.1 t 3.3 
30.9 ± 3.0 
17.9 t.4.6 

0.82 
0.84
0.82 
0.82 
1.01 

NS 
NS
NS 
NS 

NS 

Untreated Control 
" " 

7 
8 

4.8 x 105 
4.5 x 105 --

4/5
5/5 

26.7 t 4.4 
18.9 t 2.4 

-----­
-----­
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Table IG 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

i/p Chal. 
On Day 0 

Time of 
Treatment 
DMy 

Dose 
Rate 

No. of 
Deaths 

Progressive 
Parasitemia 

Therapeutic 
Index 

Sig. 

AX 63047 
" " 

" " 
"5 
" " 

(s/c) 
" 

1 
2 
3 
4 

6 

8.6 x 1Os 
8.6 x 105 
9.6 x 105 
8.6 x 105 
8.6 x 10s 
9.6 x 105 

0 
4 
-4 
0 
4 
-4 

20 mg/kg
20 mg/kg 
20 mg/kg 
40 mg/kg 
40 mg/kg 
40 mg/kg 

4/5
4/5 
4/5 
5/5 
5/5 
3/5 

26.5 t 13.3 
26.3 ± 9.2 
17.3 ± 5.3 
28.3 ± 3.4 
26.7 ± 3.2 
18.5 t 3.5 

1.00 
1.00 
1.06 
0.98 
1.00 
1.04 

NS 
NS 

NS 
NS 
NS 
NS 

Untreated Control 7 
8 

8.6 x 105 

9.6 x 105 
-
-

5/5 
5/5 

26.5 ± 
21.1 * 

8.7 
0.8 

-­

-­
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Table 1H 

Drug Screening Trials Against Babesia rodhaini 

Experimental
Drug 

i/p Chal. 
On Day 0 

Time of 
TreatmentDay 

Dose 
Rate 

No. of 
Deaths 

Progressive
Parasitemia 

Therapeutic 
Index 

Sig. 

AD 44560 
a " 

. 
" " 

(s/c) 1 
2 
3 
4 
5 
6 

5.4 x 105 
5.4 x 1O5 
4.9 x 105 
5.4 x 105 
5.4 x 109 
4.9 x 105 

0 
4 
-4 
0 
4 
-4 

- 20 mg/kg
.20 mg/kg 
20 mg/kg 
40 mg/kg
40 mg/kg 
40 mg/kg 

5/5
4/5 
4/5 

4/5
5/5 
5/5 

31.2 ± 10.0 
29.1 15.2 
18.6 + 3.2 

29.7 + 122 
29.9 6.8 
19.4 ± 2.3 

0.92 
0.94 
1.03 

0.93 
0.93 
1.01 

NS 
NS 
NS 

NS
NS 
NS 

Untreated Con., )1 7 
8 

5.4 x 
4.9 x 

105 
105 

-
-

5/5 
4/5 

24.4 ± 
20.T ± 

6.0 
3.4 

-----­
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Table 11 

Drug Screening Trials Against Babesla rodhaini
 

Experimental 
Drug 

NeoA (1) (s/c)
" n 

1 
2 

i/p Chal. 
On Day 0 

8.4 x 105 
8.4 x 105 

Time of 
Treatment 
Day 

0 
4 

Dose 
Rate 

5 mg/kg
5 mg/kg 

No. of 
Deaths 

5/5
4/5 

Progressive 
Parasitemia 

21.9 + 4.6 
19.8 ± 5.8 

Therapeutic 
Index 

0.86 
1.03 

Sig. 

NS 
NS 

4A65 (HCL)
"" (s/c) 3*

4 
8.4 x 10s 
8.4 x 10s 0

4 
2 mg/kg
2 mg/kg 

3/5
0/5 

11.1 * *3.0
-0.4 ± 0.2 

1.49
>61.46 

P<O.OlP<O.0l 

4A65 (dipropionate) 5* 
0 U 6 

8.4 x 10s 
8.4 x 105 

0 
4 

2 mg/kg
2 mg/kg 

1/5
0/5 

7.5 ± *2.5 
-0.3 ± 0.6 

3.50 
>61.46 

P<O.Ol 
P<O.Ol 

DMSO (s/c)
" 

7 
8 

8.4 x 105 
8.4 x 105 

0 
4 

0.1 ml 
0.1 ml 

5/5 
5/5 

?6.2 t 3.2 
24.6 ± 1.5 

0.81 
0.82 

NS 
NS 

Untreated Control 9 8.4 x 10 - 4/5 21.5 ± 4.3 ---­

(1) Neoarsephenamine. 

* Difference does not reach significance. 

I­
"3 
"3 
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Table 1J 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

i/p Chal. 
On Day 0 

Time of 
Treatment 

Dose 
Rate 

No. of 
Deaths 

Progressive 
Parasitemia 

Therapeutic 
Index 

Sig. 

Day 

7930 (s/c)
U 

1 
2 

5.6 x-10 5 
5.6 x 105 

0
4 

20 mg/kg
20 mg/kg 5/5

5/5 24.2 * 7.322.8 t 3.5 1.041.06 NSNS 
" 3 5.6 x 105 0 40 mg/kg 5/5 28.6 * 8.5 0.98 NS 
" 4 5.6 x-10 5 4 40 mg/kg 5/5 27.4 ± 4.2 1.00 NS 

Oxytet. 1) (s/c) 5 
6 

5.6 x lO 
5.6 x 10 

0 
4 

40 mg/kg 
40 mg/kg 

5/5 
5/5 

23.5 * 6.2 
21.0 * 4.0 

1.05 
1.09 

NS 
NS 

Untreated Control 7 5.6 x 105 - 5/5 27.4 * 5.8 ---­

(1) Oxytetracycl ine. 
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Table 1K 

Drug Screening Trials Against Babesla rodhaini 

Experimental 
Drug 

ZE 46212
"2 

=4 

(s/c) 1 

3 

i/p Chal. 
On Day 0 

6.6 x105 
6.6 x 105 
6.6 x 105 
6.6 x 105 

Time of 
Treatment 
Day 

0
4 
0 
4 

Dose 
Rate 

20 mg/kg
20 mg/kg 
40mg/kg 
40 mg/kg 

No. of 
Deaths 

5/5
5/5 
5/5 
4/5 

Progressive 
Parasitemia 

29.5 * 7.2
27.3 t 8.3 
28.3 * 13.7 
28.5 ± 12.5 

Therapeutic 
Index 

0.96
0.99 
0.98 
0.98 

Sig. 

HS
NS 
NS 
HS 

4M5 & DMSe 
4 

(s/c) 5 
.6 

6.6 x 
6.6 x 

105 
105 

0 
4 

1 mg/k, 
1mg/kg 

0/5 
0/5 

0 
-8.7 * 7.2 

>88.40 
>88.40 

P<O.01 
P<O.01 

4A65 & PBS" 
*8 

(s/c) 7 6.6 x 105 
6.6 X10 5 

0 
4 

l-mg/kg** 
1mg/kg* 

0/5 
0/5 

0 
-6.5±* 2.8 

>88.40 
3,88.40 

P<O.O 
P.0.1 

Untreated Control 
U 

9 
10 

6.6 x-105 

6.6 x105 
-

.--------
------ 5/5 

5/5 
26.7 ± 10.0 
38.4 ± 2.4 . ..-­

"4A65 & DM5O - 4A65 was administered in a solution with 50% DSO. 

*4A65 & PBS - 4A65 was administered in a solution with PBS. 
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Table IL 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

i/p Chal. 
On Day 0I 

Time of 
Treatment 
Day 

Dose 
Rate 

No. of 
Deaths 

Progressive 
Parasitemia 

Therapeutic 
Index 

Sig. 

AX 26820 (s/c) 

" " 

1 
2 
3 
4 

6.1 x -O1 
6.1 x I0s 
6.1 x 105 
6.1 x 105 

0 
4 
0 
4 

20 mg/kg 
20 mg/kg 
40 mg/kg 
40 mg/kg 

4/5 
5/5 
4/5 
4/5 

27.8 ± 5.0 
27.9 ± 2.4 
26.3 ± 6.4 
25.6 ± 4.1 

1.12 
0.98 
1.15 
1.16 

NS 
NS 
NS 
NS 

AY 62009 
" " 

" 
" 

(s/c) 5 
6 
7 
8 

6.1 x 105 
6.1 x 105 
6.1 x 105 
6.1 x 105 

0 
4 
0 
4 

20 mg/kg 
20 mg/kg 
40 mg/kg 
40 mg/kg 

5/5 
4/5 

5/5 
4/5 

27.2 ± 3.7 
26.9 ± 3.0 
27.5 ± 1.1 
24.2 ± 2.7 

0.98 
1.14 

0.98 
1.18 

NS 
NS 

NS 
NS 

Untreated Control 9 6.1 x 10 - 4/4 26.0 ± 5.0 -­
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Table IM 

Drug Screening Trials Against Babesia rodhaini 

Experimental 
Drug 

AG 40405 (s/c) 
" " " 

1 
2 
3 
4 

i/p Chal. 
On Day 0 

6.6 x IO 
6.6 x 1O 
6.6 x 10 
6.6 x 1O 

Time of 
Treatment 
Day 

0 
4 
0 
4 

Dose 
Rate 

20 mg/kg 
20 mg/kg
40 mg/kg
40 mg/kg 

No. of 
Deaths 

5/5 
5/5
5/5
5/5 

Progressive 
Parasitemia 

32.0 ± 8.0 
31.5 ± 11.1 
37.8 ± 3.5
29.9 ± 5.1 

Therapeutic 
Index 

0.98 
0.98 
0.91 
1.00 

Sig. 

NS 
NS 

P<O.Ol 
NS 

AG 74492 
is " 
Is " 

(s/c) 5 
6 
7 

8 

6.6 x 105 
6.6 x 05 
6.6 x 105 

6.6 x 105 

0 
4 
0 

4 

20 mg/kg
20 mg/kg 
40 mg/kg 

40 mg/kg 

0/5
0/5 
0/5 

0/5 

0 
-9.6 ± 
0 

-7.3 _ 

2.2 

4.5 

>80.00 
>80.00 
>80.00 

>80.00 

P<O.Ol 
P<O.Ol 
P<O.O 

P<0.0l 

Untreated Control 9 6.6 x 05 - 5/5 30.0 2.3 
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Table .N
 

Drug Screening Trials Against Babesia rodhaini
 

Experimental i/p Chal. Ti4me of Dose 
 No. of Progressive Therapeutic Sig.
 

Drug ITherapesitica Inde
On Day 0 Treatnent Rate Deaths rndeessiveIndexParasitemia 

SDayII.I
 

AG 74492 (s/c) 1 
 5.9 x 10- 0 20 mg/kg 0/5 
 0 >77.60 P<O.O
"" 2 5.9 x 105 
 4 20 mg/kg 0/5 
 -3.2 t 5.3 >77.60 P<O.O1
" go 3 5.9 x 105
is 0 10 mg/kg 0/5 0
4 5.9 x I0 4 >77.60 P<0.O1
10 mg/kg 0/5 
 -2.8 t 3.5 >77.60 PO.O1
" n 5 5.9 x 10 0 5 mg/kg 0/5 
 0 >77.60 P<O.O1
 
, 
 6 5.9 x 10 4 5 mg/kg 
 1/5 0.5 ± 12.1 7.40 P<O.OI" 7 5.9 x 105 
 0 2 mg/kg 3/5 12.0 ± 8.1 1.85 P<0.0
8 5.9 x 10s 4 2 mg/kg 3/5 14.0 ± 5.5 1.76 P<0.0l
,, ,, 9 5.9 x 10 0 1 mg/'kg 4/5 20.1 * 5.9 1.29 P<0,05
" " 10 5.9 x 105 4 1 mg/kg 5/5 19.2 ± 3.3 1.12 P<.01 

Untreated Control 11 5.9 x lOS - 5/5 27.6 _ 3.2
 

I-
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Table 10 

Drug Screening Trials Against Babesia rodhaini
 

Experimental i/p Chal. Time of ccse fNo. of Progressive Therapeutic Sig.
Drug On Day 0 Treatme:nt Rate Deaths Parasitemia Index
 

Day 

4A65 (s/c) 1 5.0 x 10 

___ 

0 5.00 mg/kg 0/5 0 >66.70 P<O.O1 
S2 
 5.0 x I05 s 4 5.00 mg/kg 0/5 -5.5 ± 2.6 >66.70 P<O.O1U 3 5.0 x I0 0 2.50 mg/kg 0/5 0 >66.70 P<O.OI 
" 
 4 5.0 x 10 4 2.50 mg/kg 0/5 -4.1 ± 1.5 >66.70 P<O.OlIs 5 5.0 x I05 0 1.00 mg/kg 0/5

U 7 5.0 x 105 
0 >66.70 P<O.010 0.50 mg/kg 3/5 7.1 ± 4.5 1.80 P<0.05
 

" 
 " 8 - 5.0 x 10 4 0.50 mg/kg 4/5 21.9 ± 12.7 1.08 NS
 
10s
9 5.0 x 0 0.25 mg/kg 4/5 23.1 ± 7.3 1.06 NS
It 10 5.0 x IO 4 0.25 mg/kg 3/5 17.7 ± 13.4 1.40 NS
 

Untreated Control 11 5.0 x I0s ­ 4/5 26.7 ± 12.0 

U 
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Table 2 

Description of Compounds Tested
 

4A65: 3, 3'-Bis-(2-imidazolin-2 yl)-carbanilide dihydrochloride - and dipropionate.
 

DMSO: Dimethyl sulfoxide.
 

Poly I/C: Polyriboinosinic Acid and Polyribocytidylic Acid.
 

Neoarsephenamine: Sod. 33'diamino-4-4' dihydroxy arsenobenzene-N-methanol sulfoxylate.
 

Oxytetracycline: Pfizer's Liquamycin.
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0V-99065 CtlOH -fD 

WR-122455
 

0 00 
CF3 F3
 

AX-23187 0"1
 
WR-142490
 

N
 

CF3
CF3 


Nil
 
2
 

AX-6 3047 i 

N:Oil
2
 

A13-34313
 

WR-8771 Hinocycline (Lederle)
 

C113 
AD-44560 Nil 
WR{-81844 


C14 
 NUn-
 -Nil 
 0 1NHl-0-CIi2CH 3 
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AX-26820 
(WR-161085) 

cH30 

0 0 
N 

NCICHI3)(Ci[2 ) 3 -N 

AY-62009 
(WR-152684) 

ZE-46212 

(WR-100553) 

Doxycycline . lCI 
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Unsuccessful Attempts to Establish Cattle Babesia
 

Infections in White-tailed Deer (Odocoileus virginianus)
 

Presented at the Annual Wildlife Disease Conference - August 1971
 

Published in Journal of Wildlife Diseases
 

K. L. Kuttler, D.V.M. 0. H. Graham, Ph.D., 
 S. R. Johnson, B.S. 
 and J. L. Trevino,
 

Cattle babesiosis, while no longer occurring in the United States,
 

is a major disease problem in many tropical and sub-tropical areas of the
 

world. 
This disease is usually associated with one or more ticks of the
 

genus Boophilus. The eradication of these ticks from the U.S. was accom­

panied by the elimination of bovine babesiosis. 
Both B. annulatus and
 

bovine Babesia are known to occur in Mexico adjacent to the U.S. border.
 

Because of the proximity of both vector and disease agent to the U.S.
 

intensive surveillance and strict import regulations including the use of
 

adequate acaricides on all animals being moved across 
the border are manda­

tory. 
 The regulation of wildlife movement is, however, impractical and at
 

present almost impossible. White-tailed deer are a recognized host for B.
 

annulatus (I). In recent years B. annulatus adults have been recovered
 

from white-tailed deer in Texas as much as 64 kilometers north of the
 

Institute of Tropical Veterinary Medicine, Texas A&M University,

College Station, Texas, 77843.
 

Entomology Research Division, A.R.S., U.S.D.A., Kerrville, Texas, 78028.
 

This research was done at a field laboratory operated by the United
States Department of Agriculture in Nuevo Laredo, Tamaulipas, Mexico
and was made possible by a grant from the U.S. Agency for International
 
Development to the Institute of Tropical Veterinary Medicine, Texas
 
A&M University.
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Mexican border, 
emphasizing the possibilities of tick re-introduction
 

by this means.
 

Spindler, et.al. (4) in 1958 reported finding a Babesia like organism
 

in blood films of white-tailed deer which was morphologically similar to
 

B. bigemina. 
In 1968 Emerson and Wright (3) reported the isolation of
 

Babesia cervi in deer from East Texas. 
 This Babesia was morphologically
 

.3imilar to B. divergens, but could not be propagated in calves, and ap­

peared host specific for deer.
 

Callow (2) has reported transmission of B. bigemina to sheep and goats
 

by B. microplus and the re-infection of B. microplus with B. bigemina from
 

these non-bovine hosts. This finding suggests the possibility that deer
 

carrying B. annulatus and moving across quarantine lines might, in addition
 

to the tick, be carrying a cattle Babesia, which could prove highly patho­

genic for U.S. cattle, and re-establish both disease and vector in the
 

southern U.S. 
 In addition to the obvious economic considerations for the
 

livestock industry, it is probable that considerable ill will toward the
 

maintenance of wildlife populations in these border areas would ensue.
 

This study was undertaken to determine the ability of the cattle
 

Babesia, occurring in Mexico, to infect deer by placing infected B. annu­

latus larvae on them and allowing them to feed and by needle transfer of
 

infected blood. In addition, trials, were conducted to determine the
 

ability of infected ticks to transmit babesiosis to cattle after one
 

generation on deer.
 

Materials and Methods:
 

In trial 1, deer 471 (figure 1) and splenectomized calf 187 were each
 

Personal Communications: W. J. Turner, Animal Health Division, Laredo,
 
Texas, 0. H. Graham, Entomology Research Division, Kerrville, Texas,

and M. A. Price, Texas A&M University, College Station, Texas.
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infested on day 0 with I g of B. annulatus larvae (1 g - 20,000 eggs)
 

from a common pool, that had been obtained from engorged females that
 

had fed or, a Babesia infected calf native to Mexico, Blood samples
 

were taken from each animal at weekly intervals beginning 2 weeks be­

fore tick infestation and continuing for at least 9 weeks after, except
 

where death intervened, 
 On day 7, 14, 21, 28, and 35, 10 ml of blood
 

from deer 471 was collected in 0.5 ml of 12% sodium citrate and injected
 

subcutaneously (s/c) into a susceptible splenectomized calf to check for
 

evidence of a non-apparent latent or transient parasitemia. Blood sam­

ples from this calf were examined weekly for evidence of babesiosis. A
 

large number of engorged females were harvested from deer 471 and allow­

ed to oviposit. The resulting larvae were pooled, and 1 g placed on a
 

susceptible splenectomized calf,
 

In trial 2, deer 124 (figure 2) and splenectomized calf 237 were
 

each infested on day 0 with 2 g of B. annulatus larvae collected from a
 

common pool, having been recovered from engorged females that had fed on
 

a Babesia infected calf native to Mexico. 
Blood samples were taken at
 

weekly intervals as described for trial I. On days 7, 14, 21, 28, 35,
 

and 42, 10 ml of 
blood from deer 124 was injected s/c into a susceptible
 

splenectomized calf to Lheck for evidence of latent Babesia infection,
 

Weekly blood samples, trom this calf, were examined for evidence of Ba­

besia. 
A large number of engorged females were harvested from deer 124
 

and allowed to oviposit. The resulting larvae were pooled and when
 

ready to teed, 2 g were placed on a susceptible splenectomized calf.
 

In trial 3, deer 475 and splenectomized caJL 177 were each inoculated
 

a/c on day 0 with 10 ml whole blood collected from a Babesia carrier calf.
 

On days 7, 14, 21, 28, and 35, 10 ml of blood from deer 475 was injected
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into a Babesia susceptible splenectomized calf. On day 58, deer 475 was
 

splenectomized
 

In trial 4, 28 days after splenectomy, deer 475 and splenectomized
 

calf 179 were each inoculated s/c with 10 ml whole blood collected from
 

a Babesia carrier calf. On days 7, 14, 21, and 28, 10 ml of blood from
 

deer 475 was injected into a Babesia susceptible, splene'tomized calf.
 

During all experiments blood samples were collected at weekly in­

tervals, and daily observations made for signs of illness. Packed cell
 

volume (PCV) determinations and Giemsa-stained blood smears were examined
 

for evidence of Babesia infection. Rectal temperatures were taken of all
 

calves exhibiting signs of clinical illness.
 

Babesiosis, as indicated in the results, was diagnosed on the basis
 

ol a Babesia parasitemia associated with a tempterature rise, anemia, and
 

hemoglobinuria, The babesiosis encountered in Mexican cattle used in
 

these experiments appeared to be a mixed infection of B. bigemina and
 

B. argentina-


Results:
 

Cali 187 (tlgure 1) died of acute babesiosis 16 days after being
 

exposed to B. annulatus larvae. Larvae from the same source failed to
 

produce evidence of Babesia infection in deer 471. A susceptible splen­

ectomized calf failed to show evidence of Babesia infection after having
 

been inoculated with blood from deer 471; 7, 14, 21, 28, and 35 days
 

after tick release- A second generation of larvae from deer 471 attached
 

and readily fed on a splenectomized calf but failed to transmit a Babesia
 

infection.
 

Calf 237 (figure 2) died of acute babesiosis 13 days after being
 

exposed to 2 g of B. annulatus larvae. Larvae from the same source failed
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to show evidence of Babesia infection after having been inoculated with
 

blood from deer 124; 7, 14, 21, 28, 35, and 42 days after tick release.
 

A second generation of larvae from deer 124 attached and readily fed on
 

a splectomized calf but failed to transmit Babesia infection.
 

Calf 177 died of acute babesiosis on day 9 after having been injected
 

s/c with 10 ml of blood from a carrier calf. Deer 475 after receiving a
 

similar exposure failed to develop signs of Babesia infection. Attempts to
 

recover Babesia from deer 475 by sub-inoculations into a splenectomized
 

calf on days 7, 14, 21, 28, and 35 were negative. There was no evidence
 

of a developing infection after the splenectomy of deer 475.
 

Calf .119 died of acute babesiosis on day 12 after having been injected
 

s/c with 10 ml of blood from a carrier calf. Splenectomized deer 475 after
 

receiving a similar exposure failed to develop signs of Babesia infection
 

Attempts to recover Babesia from deer 475 b sub-inoculations into a splen­

ectomized calf kn days 7, 14, 21, and 28 were negative.
 

Discussion and Conclusions:
 

It would be premature to state that white-tailed deer cannot be in­

fected with cattle Babeia, but these experiments clearly indicate that
 

deer do not develop a persistent, detectable, parasitemia following ex­

posure to known infected ticks or by the inoculation of known infected
 

blood from sources available to us. Ticks carrying Babesia were in both
 

instances unable to transmic Babesia infection after having undergone a
 

life cycle on white-tailed deer.
 

If the pattern of Babesia transmission, observed in these experi­

ments, also occurs under natural conditions, it can be expected that ticks
 

dropping off whitr'-tailed deer are no longer capable of transmitting ba­

besiosis, This does not mean that tick infested deer crossing the border
 

are not capable of re-introducing B. annulatus into the border areas, but
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perhaps in so doing they do not re-lntroduce babesiosis. Subsequent tick
 

generations in contact with Babesia carrier cattle whether in the U.S. or
 

Mexico could be expected to become infected and hence transmit the disease.
 

Abstract:
 

Attempts to induce a demonstrable cattle Babesia infection by feeding
 

known infected ticks on two white-tailed deer were unsuccessful. The in­

jection of known Babesia carrier blood into an intact and a splenectomized
 

deer failed to result in evidence of infection.
 

All deer were checked for possible sub-patent infections by inoculating
 

their blood into splenectomized calves at weekly intervals for 5 weeks fol­

lowing exposure, but no infections were produced in the calves.
 

Babesia infected ticks having undergone one generation on deer were un­

able to transmit infection to splenectomized calves on the succeeding generation.
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Influence of Heat Stress on Milk Production
 

The conversion of forage and grain to milk and beef by the ruminant
 

presents a potential which could significantly alter the supply of high
 

quality protein to human diets, and provide a more nutritious diet to mil­

lions now living in tropical areas on minimum food intake. Frequently
 

feed 	for cattle is abundant in these areas, but because of a combination
 

of 	factors productivity is sometimes low. Some of the recognized factors
 

are:
 

1. 	Genetic characteristics of local, indigenous cattle.
 

2. 	Climatic factors, which create stress factors, thus re­

tarding productivity.
 

3. 	General management procedures.
 

4. 	Animal diseases including:
 

a. External parasites.
 

b- Internal parasites.
 

c- Hemo-parasites.
 

d. Bacterial and viral diseases.
 

An interrelationship of these factors is recognized, but probably not
 

fully understood. The introduction of high producing European type dairy
 

and beef cattle into many of these tropical areas is often followed by a
 

loss in productivity assumed to be due primarily to climatic stress, and
 

disease factors. Local cattle, which become adapted to the local condi­

tions are frequently economically unproductive insofar as milk is concerned.
 

Cross breeding offers the hope of improved vigor and productivity, but a
 

drop in milk production generally follows the dilution of dairy types with
 

beef characteristics.
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There is probably 
room for improved management procedures to include
 

loafing sheds, air conditioning, control of ticks by regular spraying, im­

proved forage pastures and grain production,
 

Improved management, will contribute to disease control, but the
 

complete control ot 
these problems must yet be established through the use
 

of vaccines and therapeutic agents that 
are yet to be developed by research
 

and field application of 
techniques developed in the laboratory,
 

High milk production is readily achieved at those altitudes where
 

temperatures are moderate, and where parasitic disease factors are mini­

mized. 
This is dramatically illustrated when the dairy operations at
 

Turipana and Tibaltata are compared.
 

A cursory examination of dairy productivity in Texas (College Station)
 

reveals some common factors which might contribute to our understanding of
 

the problems of milk production in the tropics. 
 During the summer months
 

the temperatures occurring in College Station closely resemble those occur­

ring at Turipana (Tabie 1). 
 There appears to be no significant differenez.
 

between temperatures occurring in June-July-and August, when the averago
 

maximums and minimums are considered. 
The diurnal temperature fluxuat: 
..,
 

is basically the same at 
boLh locations. 
 There is a difference in relative
 

hurn;dity, which may be a factor in creating an increased stress situation
 

in Turipana. 
The humidiry figures obtained for Turipana were monthly aver­

ages, and It is not 
known if they are comparable to the averages obtained
 

in Texas. 
 The diurnal fluxuations in reiative humidity is extreme in Texas.
 

As an example in August (1969) the average high R.H. was 98 7 
+ 1,8, where­

as the average low was 33 9 + 16,8 
 It is not known if the R.H. at Turipana
 

was an average or a value tor a particular time of day, or an average of the
 

high and low, or a true average recorded by averaging values throughout the
 

day
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Temperatures at College Station during December, January and February
 

are not recorded, but are known to be comparatively cool,
 

Milk production has been recorded during the summer months at College
 

Station, where temperatures were comparable to those at Turipana, but where
 

the parasitic disease factors are not present, and where management was good.
 

The results are summarized in Table 2.
 

This study involved 28 cows divided equally in 4 groups, including 2
 

breeds, Jerseys and Holsteins observed for milk production during 2 seasons,
 

winter (December, January and February) and summer (June, July and August).
 

During the summer the average daily milk production, expressed as pounds,
 

was recorded for each of 7 Holstein cows beginning in June, 61 (+ 25) days
 

after parturition, and continuing for the months of July and August 1969.
 

Similar values were obtained for 7 Holstein cows beginning in December, 73 4
 

(+ 17.6) days after parturition and continued in January and February. Pro­

duction records were tabulated for 7 Jersey cows beginning in June, 75.6
 

tt 28.5) days after parturition and continuing to July and August. Simile,
 

values were obtained tor 7 Jersey cows beginning in December, 72 3 (t 19
 

days alter parturition, 'ontinuing through January and February. The avel­

age production for each group, was tabulated (Table 2) for the summer and
 

winter months with an an;lysis of variance conducted on the winter and sum­

mer groups to detect possible significant differences in milk production.
 

There was an obvious month to month decline, reflecting the extension
 

of the lactation period A regression coefficient was calculated for each
 

cow and these compared by groups to determine differences in the rate of
 

deminished milk production in each of the 4 groups. Statistical analysis
 

was done on the regression coefficients to determine if heat stress or
 

breed influenced a greater or lesser drop in production.
 

The results show no significant alteration in summer or winter milk
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production among either the Jerseys or Holsteins. 
The regression coefficient,
 

tabulating the rate of decrease, proved to actually be less in Jerseys during
 

the summer 
than the winter months, which is opposite the expected results.
 

Among Holstein cows the rate of reduction in milk production was greater dur­

ing the summer months, when compared with Holstein production in the winter,
 

but not significantly different. Comparisons between the regression coeffi­

cients of 
Holstein and Jersey in the summer, showed the Holstein rate of
 

decrease to be significantly greater than seen in the Jersey.
 

Conclusion:
 

We were unable to demonstrate a climatic influence on milk production
 

of Jersey and Holstein cows. 
These results suggest that the disease and
 

management factors are probably items of major importance since cattle free
 

of disease at Texas, stressed by the same temperatures and factors seen at
 

Turipana failed to drop in production, 
More detailed studies are indicated,
 

but it would appear from this preliminary investigation that high tempera­

tures, and high humidity have been over emphasized, and that economical
 

production is possible under tropical conditions if other inhibiting factorF'
 

are controlled,
 



_______________________________ 

Comparative Temperatures and Humidity at 

College Station, Texas and Turipana, Colombia 

for the Months of June-July and August 

Avg. _ _ _ _ _ _ __Maximum _ _ _ _Jun e 

Texas , 

Jun--le 

- College Station1969 

J uly]y - Aug. IAI__-J 

Temperature 
Avg. Minimum 

Temperature 

Avg. Diurnal 

Temp. Fluxuation 

90.60 F ± 

71.5 0F ± 

19.10F 

6.4 

6.9 

98.10F ± 2.3 

76.30F ± 2.1 

21.8 0F 

96.9 0F ± 

75.2 0F ± 

21.7 0F 

5.4 

2.1 

Avg.. RelativeHumidity 68.5% ± 8.7 66.8Z ± 7.8 67.5Z ± 12.0 

Colombia - Turipana 

Junen July I Auo
 

97.20F 97.50F 
 94.60
 

68.0OF 77.70F 
 67.10F
 

29.2 0F 19.80F 27.50F
 

87% 86% 
 88z
 

I 



Comparative Winter and Sumer Milk Production in 

Jersey and Holstein Cows 

(1969-1970) 

No. of Animals 

Summer* 

7 

Holsteins 

Wtnter* 

7 

$ig. Summer* 

7 

Jerseys 

Winter* 

7 

Sig. 

Avg. No. of Days 
Post Parturition 61.0 73.4 NS 75.6 72.3 NS 
Avg. Milk Production 
in Pounds 

Avg. Regression in 
Milk Production 

55.3 

-0.2738* 

53.43 

-0.1476 

NS 

NS 

38.2 

-0.119" 

33.8 

-0.176 

NS 

P<O.05 

*Summer: 

Winter: 

June-July and August (1969). 

December-January and February (1969-70). 

"These regression coefficients are significantly different with P<O.05. 
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Calf Weights: Tape Estimates Compared to Actual Weights
 

Consideration has been given the accuracy of tape measure weight esti­

mates, in view of plans to carry on a treatment program at Nuevo Laredo and
 

the need to rely on these estimates, These tape measures are placed around
 

the girth, just behind the front legs, and based on the circumference an
 

estimate of weight is made. We have weighed 19 calves ranging in weights
 

from 90 to 280 pounds, and then estimated weights with the tape measures.
 

These calves were almost entirely dairy types, Jerseys and Holsteins, The
 

average weight from scale measure was 158 pounds, whereas the average weight
 

based on the tape measure estimates was 181. Using paired analysis of dif­

ferences it was found that tape measure weight estimates were significantly
 

(P<OOI) higher than actual weights. For this group of calves an 18.9%
 

error was detected,
 

A regression analysis made on the percent error versus weight showed
 

a decreasing percent error in heavier animals, By projecting the estimates
 

of error based on the regression coefficient it is estimated that animals
 

weighing 100 pounds have a percent error of 23.3% whereas calves weighing
 

300 pounds will show an estimated error of only 7.9%, when actual weights
 

are compared to tape measurements. The tape measurements for estimating
 

weights can be expected to be more accurate in heavier animals.
 



(179)
 

Future Research
 

In general the program at Texas A&M will be oriented toward the
 
completion of present projects and utilization of past research results
 
to evolve systems and techniques for the more efficient and economic
 

control of hemotropic diseases of food producing ungulates,
 

Research at Texas A&M in the past has been productive, even though
 
handicapped to some extent, in that field studies on all agents are im­
possible, Even though the pathogenic cattle Babesias and T. vivax are
 
not present in Texas, studies with Babesia 
 trypanosomes, and Anaplasma
 

are in progress. 
In addition, studies are being conducted on a Theilera
 ,
 
not known to be present in South America, but which is morphologically
 

similar to the causative agent of East Coast Fever, occurring in East
 
Africa. 
Research emphasis is being placed on anaplasmosis, largely be­
cause it is
a local problem, field studies are possible, and the agent
 

is readily available.
 

Anaplasmosis;
 

1. 	Recent advances, as reported in 
our annual reviews, in the
 

treatment of anaplasmosis have encouraged continued effort
 

in the field, Preliminary results show a new drug 4A65
 

(Imidocarb) to be an effective treatment. 
Studies are cur­

rently inprogress and will be continued to evaluate this
 
drug not only as a treatment of the clinical disease, but
 

as a sterilizing and prophylactic agent, The route, dose,
 

and treatment interval are and will continue to be studied.
 

FieY. 
studies are planned for 1972 to better evaluate tech­

niques which appear to be useful,
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2. 	The in vitro cultivation of Anaplasma has been an illusive
 

goal for many investigators. To date no confirmed reports
 

of successful cultivation have appeared in the scientific
 

literature, but the continued progress in tissue culture
 

techniques, offers hope for the future. 
The value of success
 

in this endeavor is obvious to the worker in the field, and
 

It is generally recognized that to accomplish this would rep­

resent a major breakthrough in our understanding of this agent,
 

Numerous tissues, media, and corAitions are being used with a
 

manipulation of many variables in an effort to achieve success.
 

3. 	Vaccines, both killed and attenuated live cultures have been
 

developed, but at the present time neither are perfected to
 

the point that they are routinely used in the tropics.
 

The killed vaccine has a serious drawback in that the contam­

inating red cell antigens appear responsible for a hemolytic
 

disease of the new born calf, To avoid this problem, means
 

of purifying the basic antigen, or the elimination of the
 

contaminating red cell antigens are being studied. 
 This study
 

will continue, several approaches offer the possibility of
 

success.
 

As a part of this study and as an adjunct to tissue culture
 

techniques, attempts are being made to prepare antigens in
 

small volumes to quantitatlv&" valuate the presence or ab­

sence of antigens In various tissues, and to chart the rela­

tive infectivity of blood in the infected animal. 
This study
 

will continue and will include serologic techniques other than
 

complement-fixation to evaluate the antigens present from
 

various sources,
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The value, limitations, and characteristics of the attenuated
 

vaccine are and will continue to be investigated. A means of
 

better preservation is an essential part of this study and will
 

be pursued in the future 
 The problems of reversion to viru­

lence, while partially academic, must be more thoroughly evalua­

ted. 
A source of antigen, or the infectious organism other than
 

red cells is being sought, There is some indication that high
 

titers occur at times in the plasma, This occurrance is how­

ever unpredictable at the present time with no means of col­

lecting antigens from the plasma, 
Studies are in progress along
 

this line which may well contribute to the storage problem, and
 

the elimination of red cell antigens.
 

Babesiosis:
 

I. A drug screening program is in progress in cooperation with The
 

Division of Medicinal Chemistry, Walter Reed Army Institute of
 

Research, A rodent Babesia (B,rodhaini) is being used, and
 

protocols have been developed for the statistical evaluation
 

of new and experimental drugs that may have use as babesiacides
 

Using this approach we can screen reasonably large numbers of
 

compounds for specific activity,
 

2, Studies of the therapeutic efficacy of 4A65 (Imidocarb) on
 

bovine Babesia in the vertebrate and invertebrate hosts will
 

be conducted in cooperation with The Entomology Research Divi­

sion, USDA, at their Nuevo Laredo facility. This program will
 

be partially financed by a grant in the amount of $2,500.00
 

from the Burroughs-Wellcome Research Foundation. 
It will also
 

be determined if the drug will influenae the Boophilus, and its
 
ability to re-infect clean calves, 
The drug effect on the existing
 

http:2,500.00
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infection in both the calf and the tick will be measured.
 

3-	 The prophylactic effect of 4A65 on Babesia bigemina will be
 

conducted at Texas A&M in controlled laboratory experimenrs,
 

A known infective inoculum will be administered at various
 

levels needed for the treatmenc of Babesia, will be compared
 

to those required for the treatment of Anaplasma. This work
 

is contingent upon receiving permission to work with bovine
 

Babesla, Isolation facilities are available and a request
 

has been made,
 

Trypanosoma:
 

Wrrk in this area is limited to studies with T, theileri, the non­

pathogenic agent occurring in Texas. 
 Plans have been made to culture this
 

organism on various artificial medias, Including embryonated eggs, for the
 

production of serologic antigens which may be useful in the diagnosis of
 

trypanosome infections. It is anticipated that common antigens occur be­

tween this organism and other more pathogenic trypanosomeso In any event,
 

work on chis agent will provide a useful moiei for possible duplication
 

with other trypanosome pathogens.
 

Theileria:
 

There are striking morphologic similarities between the Theileria as
 

seen on Giemsa stains, and some types of Anaplasma when examined with new
 

methylene blue. 
There is also some evidence that deer infected with Thei­

leria give specific response to the Anaplasma CF test. A study is being
 

planned to more thoroughly evaluate the serologic and possible immunologic
 

similarities of these 2 organisms, by cross reactions wit.a their antigens
 

and cross infectivity trials in splenectomized deer. It is becoming in­

creasingly clear that there are antigenic variants among the T. parva
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organisms in East Africa. It is hoped that the model we have of T, cervi
 

might contribute some technique, or insight into the immunization problems
 

encountered with East Coast Fever.
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Project Title: Anaplasmosis - Tissue Culture
 

Project Number: H1630
 

Principal Investigator: R. J Hidalgo
 

During the past year the entire effort on the Anaplasmosis Project,
 

has been directed towared propagation of Anaplasma marginale in cell cul­

ture. 
To date, both static and roller cultures of the following cells
 

have been screened for this purpose: Human synovial and porcine kidney
 

cell lines; primary cell cultures of whole mouse embryos and rabbit kid­

neys: 
 primary bovine cell cultures including spleen, lymph node, hemo­

lymph node, platelet and erythrocytes and continuous-passage cells derivedt
 

from peripheral leucocytes. Bovine erythrocytes were maintained in cul­

ture over feeder cell layers of bovine lymph node, bovine hemolymph node
 

and bovine leucocytes.
 

Washed erythrocytes taken from a splenectomized calf with 86 perecft
 

of its erythrocytes parasitized by A. marginale were stored in liquid
 

nitrogen for use as inoculum for cell cultures. Infectivity of the ino
 

lum was proven after four months of storage in liquid nitrogen by inocul;
 

tion of a splenectomized calf. 
 Cell cultures were inoculated with varying
 

quantities of infected erythrocytes. After inoculation, cultures were
 

incubated for periods of from 7-35 days.
 

Cultures were monitored during incubation for growth of A. marginale
 

by microscopic examinations of coverslips from Leighton tubes prepared,
 

inoculated and incubated in the same manner as other cultures. 
In the
 

case of erythrocyte cultures, smears of the red cell suspensions were
 

prepared. For microscopic examination, coverslips and smears were stained
 



(185)
 

by Giemsa and acridine orange and by the direct fluorescent antibody
 

technique. After incubation, cultures were frozen, thawed and subjected
 

to ultrasonic oscillation. 
Whole culture sonicates were then concentrated
 

to half volume by centrifugation and were titrated for the presence of
 

antigens of A. marginale by the complement-fixation microtechnique (MCF).
 

Results of MCF titrations indicated that static and especially roller
 

cell cultures of bovine leucocytes, lymph node and erythrocytes over lymph
 

node cell feeder layers showed the most promise for propagation of A.
 

marginale. 
However, increases in titers of inoculated culturev over con­

trols were slight. Therefore, these serologic data are considered equivocal
 

Microscopic examination of preparations stained by the direct fluore­

scent antibody technique appears to be the method of choice for detection
 

of growth of A. marginale. However, due to the small size of the organism
 

and some autofluorescence of culture cells, improvement of this technique
 

is indicated. Acridine orange stains are useful but are not specific for
 

the organism. Giemsa stains have not proven to be of much use. 
Micro­

scopic examination of coverslips and erythrocyte smears stained by the
 

fluorescent antibody technique indicate evidence that the normal bovine
 

erythrocyte maintained over feeder cell layers of 
bovine leucocytes and
 

especially lymph node cells support multiplication of A. marginale.
 

Work currently in progress or that will begin shortly will include:
 

use of inoculum directly from infected calves rather than frozen inoculum;
 

alteration of the cell culture media by the addition of serums from various
 

species, increased concentrations of certain vitamins, etc.; 
use of splen­

ectomized calves for detection of growth of A. marginale in cell culture
 

and improvement of in vitro methods of detecting growth of the organism.
 

New cell types will be screened for propagation of this organism. However,
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as a result of previous studies, use of bovine erythrocytes and lymph
 

node cells will be emphasized.
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from all the individual experimiental project reports to shorten the
 

roport. The data included in thia report are not to be published or 

otherwise coimunicated without the permission of the authors. 
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A Study of the 	 Use of An Integrated Control Program for Hlemo, Endo and 

Ectoparanites of Cattle on the North Coast of Colombia. 

INTRODUCTION 

Production losses in cattle on the Northern Atlantic Coast of Colombia
 

due to infection or infestation, as the case may be, of the combination
 

of hemoparasites, endoparasites and ectoparasites are apparently quite high
 

and even restrictive in many zones of this region of Colombia. Previous
 

studies have disclosed that anaplasmosis, babesiosis, trypanosomiasis, hel­

minthiasis, acariasis and other insects are parasitic menaces causing, as
 

a combination, high production losses. The control systems which the
 

cattleman are now using are not optimally effective in.reducing these losses,
 

therefore, a better, modernized, economical control system should be
 

developed.
 

The experimental control systems, hereindescribed are designed to re­

duce these losses to a minimum with a reasonable investment of capital;
 

for this reason, three control systems are described, each one is susses­

sively less intricate, and costly, and are compared with a non-treated group.
 

Should any of the 3 control systems prove economically acceptable, they
 

would be, recomnended for use on a national scale. Apart from the above
 

mentioned objectives, a better insight as to age-incidence-prevalence of
 

these diseases can be accomplished for future application.
 

MATERIALS AND METHODS
 

Site 	 Turipan& ICA experimental Farm located at Monteria, C6rdoba,
 

20 m above sea level and the new Laboratorio de Investiga­

ciones Mddicas Veterinarias.
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GROUP I 

Optimal Control Syrtec~of lhmo, Endo and Ectoparauites 

Aniumls Newborn calves of Costello con cuernos and Sanmarti..ro 

Cows. 

Number 19 calves 

Drugs Ganaseg (Squibb) 

Terramycin (Pfizer) 

356-C-61 (Burroughs-Wellcone) 

Dursban (Dow) 

Toxaphene (Cooper) 

Bovizole (Merck) '% 

Phenothiazine (Cooper) 

Dosage & Ganaseg 1.5 mg/kg IM 

Route Terramycin - 12 mg/kg IV 

356-C-61 -5 mg/kg IV 

Dursban -1:600 topical 

Toxaphene -1:500 topical 

Bovizale -:l10 mg/kg oral 

Phenothiazine -25 mg/kg oral 

Frequency Ganaseg -Once at 10 days PI 

Terramycin and 356-C-61 in saline -Once at 21 PI 

Dursban -Each 10 days until 60 days are completed, 

thereafter each 17 days. Also the insecticides were 

alternated each 90 days. 
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Dovixole or Pienothiazine -Each 34 days, alternating the 

anthclninthics, each 34 days. 

Prcmunition Day 0 -5 cc of blood containing Turipani isolates of A. 

_.marpinale, A. 121e:uina and B. Lgentina SQ. 

Day 10 -Treatment agvainst babesiosis with Ganaseg 

Day 21 -Treatment against anaplasmosis with oxytetracy­

cline and 356-C-61 in saline. 

Duration 308 days. 

GROUP II
 

Intermediate Control System of Hemo, Endo and Ectoparasites
 

Animals Same as Group I 

Number 20 calves 

Drugs 4A65 (Burroughs-Wellcome) 

Dursban (Dow) 

Toxaphene (Cooper) 

Bovizole (Merck) 

Phenothiazine (Cooper) 

Douage & 4A65 -2.5 mg/kg SQ 

Route Dursban -1:600 topical 

Toxaphene -1:500 topical 

Bovizole -110 mg/kg Oral 

Phenothiazine -25 mg/kg Oral 

Frequency 4A65 -Day 0 and Day 45 PI 

Dursban or ToxAphane -Each 17 Days, alternating 

the insecticides each 90 days. 
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Bovizole or .Phenothiazine -Each 34 days, alternating 

the anthelmnthi%; each 34 days 

Duration 308 days 

GROUP III
 

Minimal Control System of Endo and Ectoparasites 

Animals Same as groLp I 

Number 20 calves 

Drugs Dursban (Dow) 

Toxaphene (Cooper)
 

Bovizole (Merck) .
 

Phenothiazine (Cooper)
 

Dosis & Dursban -1:600 Topical
 

,,J u~aLL=u -i;a0
II -

LujiJ±ld
LA.9* CL W: J. JV J.C 

Bovizole -110 mg/kg Oral 

Phenothiazine -25 mg/kg Oral 

Frequency Dursban or Toxaphene - Lach 17 days, alternating 

the insecticides ebery 90 days. 

Bovizole or Phenothiazine -Each 34 days, alternating 

the anthelminthics every 28 days. 

Duration 308 days. 

GROUP C
 

CONTROL
 

Animals Same as Group I
 

Number 19 calves
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Drugs None 

Dosis None
 

Frequency None
 

Duration 308 days 

Parameters and Other Treatments 

Packed cell volumes, blood smears, wet mounts, and complement
 

fixation for anaplasmosis and babesiosis were determined every 10 days 

until the calves were 2 months old, and thereafter every 17 days. Body
 

weights were determined every 34 days. 
 Tick counts on all calves in each 

group were performed every 17 days beginning on day 155 PI. Hlelminth
 

egg and larvae counts were done every 34 days. 
Temperatures will be taken
 

during the premunition of Group I and when indicated in the other groups.
 

The mother cows of all the calves in the experiment were bled for
 

parasitemias, PCV, wet mount and CFcbLerminations. All calves were new­

born, i.e., 
less than 10 days old when the experiment started. Day 0 is
 

considered to be the day when the promunition procedure in Group I, the
 

application of 4A65 
n Group II and anthelminthics in Group :I were started;
 

the average of the calves was- 30 days. An attempt was made to begin all 

treatments when the calves were 25 to 35 days of age. All cattle were 

vaccinated as indicated against blackleg, hemorrhagic septicemia, malignant 

edema, and Foot and Mouth disease. All groups were treated on days 73 and 

87 against Wct tocnulun vivi with Franozan (Cooper) and Luvorem (Squibb) 

at the recommended dosages.
 

RESULTS
 

The results are given on pages 6 through 29.
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WEIGHTS INCLUDING IMORTALITY.
 

DAYS 


0 

30 


60 

88 


123 

155 


189 

223 


257 

291 

308 


1 


X+SD 


kg 


46.21-12.44 

70.53-16.53 


93.53+22.33 

119.37725.67 


137.95'1-24.33 

149.58+21.04 


158.58+22.11 

178.37+25.15 


392.58+30.76 

200.16+26.14 

209.80±29.42 


ii 


- D 


kg 


45.4048.69 

65.45±"12.76 


92.85±18.81 

115.70+15.19 


138.65+17.83 

148.35-40.35 


153.70+44.99 

161.65+45.92 


178.45+28.62 

183.10+54.19 

193.05+55.25 


GROUPS
 

IlI. 


X±SD 


"g 


48.85±15.07 

66.65719.30 


85.50±27.36 

99.95_-42.43 


125.85+42.84 

133.50±55.66 


133.95+59.02 

152.05±+66.39 


159.75--66.64 

170.46-81.50 

176.23+85.57 


CONTROL F 

X±SD 

kg 

45.16+8.66 0.425 
61.84713.77 0.823 

83.00+20.44 1.09 
100.327+42.44 1.80 

118.37q47.47 
112.84±54.84 

1.51 
2.74* 

120.32±55.80 2.65 
122.11+75.35 3.31* 

122.50+83.72 4.72** 
106.75±100.69 7.11** 
116.087112.74 2.43 

http:176.23+85.57
http:170.46-81.50
http:159.75--66.64
http:152.05�+66.39
http:133.95+59.02
http:133.50�55.66
http:125.85+42.84
http:99.95_-42.43
http:85.50�27.36
http:66.65719.30
http:48.85�15.07
http:193.05+55.25
http:183.10+54.19
http:178.45+28.62
http:161.65+45.92
http:153.70+44.99
http:148.35-40.35
http:138.65+17.83
http:115.70+15.19
http:92.85�18.81
http:65.45�"12.76
http:45.4048.69
http:209.80�29.42
http:200.16+26.14
http:392.58+30.76
http:178.37+25.15
http:158.58+22.11
http:149.58+21.04
http:137.95'1-24.33
http:119.37725.67
http:93.53+22.33
http:70.53-16.53
http:46.21-12.44


AVERAGE DAILY GAINS INCLUDING MORTALITY 

GROUPS
 

I II III CONTROL F 
,DAYS ,x+ xS-D+SD SD 

D ±SDD 

grams grams ,g2ams 

0-257 ,569.53+102.75 5.25.10+161.53 450.59+201.94 .344.264400.19 5,20** 

GROUP TOTAL WEIGHTS & ECONOMIC DIFFERENCM INCLUDING MORTALITY 

kg kg kg kg 

0-257 Loss 2780 820 2,160 

At 9.80/kg 'PESOS (US$) PESOS (US$) PESOS (L."$) PESOS (US$)
ADJUSTED $21.168 (1,008) $8.036 (383) $2.724 (330) 00 
DIFFERENCE 

- Treatment
 
Cost 1.523 (73) 1.514 (72) 1.453 (2') 0 0 

NET $19.645 (935) 46.522 (311) $1.271 (61) 0 
 0 

http:450.59+201.94
http:5.25.10+161.53
http:569.53+102.75
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WEIGHITS EXCLUDING MORTALITY 

GROUPS 

DAYS 

I 

x+SD 

kg 

I 

x_+SD 

kg 

,11 

x.+SD 

.kg 

. CONTROL 

SD 

kg 

F 

0 

60 
88 

123 
155 

189 
223 

257 
291 
308 

46.21+12.44 

53 

93.53+22.33 
119.37+25.67 

137.95+24.33 
149.58+21.04 

158.58±22.11 
178.37+25.15 

192.58+30.76** 
200.16+26.14 
209.80+29.42 

45.40+.69 48.85+15.07 

'.,.. 60V-,55-19.3 

92.85"1-18.81 90.00+19.52 
115.70+15.19 111.06+27.13 

138.65+17.83 134.47+32.40 
156.16±21.15 148.33+33.35 

161.79+28.30 148.83±39.18 
170. 16+26.23 168.94;_42.45 

187.84+28.84** 177.50+39.52 
192.74+34.41 201.46+26,80 
203.21+32.79 208.27±38.04 

45.16+8.66 

7. 

83.00+20.44 
112.12+:'25.69 

132.29":'24.81 
134.00+25.04 

134a47+39.47 
154.67T43.63 

166.36-W2.81 
183.14+i45.87 
199.00+58.71 

0.425 

n 322 

1.129 
0.488 

0.357 
2.310 

2.565 
1.288 

1.01.0** 
0.953 
0.198 



AVERAGE DAILY GAINS EXCLUDING MORTALITY 

GROUPS
 

fill CONTROL 

DAYs SD ; SD D 

&rams grams grams 
 grams
 

0-257 569.53+102.75 552.73+106.86 500.66+137.98 467.21+169.21 2.20 

GROUP TOTAL WEIGHT & ECONOMIC DIFFERENCES EXCLUDING MORTALITY 

-g kg k. kg
0-257 Loss 0 90 464 1330 

at 9.80/I4g 
Adjusted 

PESOS (US$) 
$13.034 (621) 

PESOS (US$) 
$4.547 (,7) 

PESOS 
$882,00 

(US$) 
(42) 

PESOS 
0 

(US$) 
0 

Difference 

- Treatment 
Coat 1.523 (73) 1.514 (72) 1.453 (69) 0 0 

NET $11.511 (548) 3.033 (144) -571 -(27) 0 0
 

http:467.21+169.21
http:500.66+137.98
http:552.73+106.86
http:569.53+102.75


12 HORJ'ALITY 

GROUPS
 

I II III 
DAYS 

No. No. No. 

0 0 0 
 .0 

10 0 
 0 0 


20 0 
 0 0 

30 0 0 
 0 


40 0 
 0 0 

60 0 
 0 1 A 


72 0 0 
 0 

88 0 
 0 0 


106 0 0 
 0 

123 0 0 
 0 


138 0 
 0 1A + B
0 155 0lA 

172 0 0 
 0 

189 
 0 0 
 0 


206 0 0 0 
223 0 
 0 0 


240 0 0 0 
257 0 0 0 

274 0 0 0 
291 0 
 0 0 

308 0 0 
 0 


TOTAL .0 1 2
7. 0 5 10 

A Anap1]sia ngrgina1.e
B =Babosin binerina and/or Babosia Argentina

VP Verminous Pneumonia - Dictyocaulus viviparus. 
El' = Endoparasitism. 

P -Pasteurllosis. 

CONTROL
 

No.
 

0
 
0
 

0
 
0
 

0
 
0
 

1A, 1A + EP
 
0
 

0
 
0
 

0
 
0 

0
 
0
 

1A + VP + p 
lvP
 

0 
0 

1A + VP 
0
 
0
 

5 
26.32 
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PACKED CIL V0JllHM. 

GROUPS 

t II III CONTROL 

DAYS -s+ XsD X±SD xS D 
.. 7 .7. 7.. 

0 34.2+3.7 35.2+6.0 33.8+4.1 35.2+3.8 
10 30.5+5.1 36.4+5.7 33.84.9 34.5 4.1 

20 35.1+7.9 34.6+5.6 30.6-15.4 33.3+5.4 
30 32. i'+.5 34.4+5.6 30.8+5.8 29.3+4.4 

40 33.3+4.0 39. 0+7.A 11. 1+. A ?9.24J:. 7 
60 31.9+4.0 33.4-4.8 31.2+5.1 27.:6.0 

72 31.4+3.7 33.9+4.9 30.8+5.0 29.6+5.0 
88 29.06. 8 29.3 4.9 29.7±3.9 28.8+4.0 

106 29.4+5.6 28.3+6.4 29.9+5.3 30.8+.4 
123 30.8±5.5 28.1+7.0 27.9-4.9 28.4+4.3 

138 27.9+3.9 29.4+6.5 28.1+3.1 30.4+5.7 
155 26.2+3.9 24.9+4.8 29.9-3.7 28.6±3.4 

172 25.9+3.2 25.3+4.5 28.6q4.1. 27.2+3.2 
169 26.773.1 27.1±5.4 29.7-14.4 28.7+3.4 

206 25. 6+3.2 26.5±3.3 29.94.0 30.0+5.0 
223 27.7+3.5 29.5+2.8 30.5+4.1 28.7+3.3 

240 29.7+3.3 31.1+2.6 31.5+3.0 29.4+4.1 
257 3C.4±3.8 31.3+3.0 31.4--2.9 28.8"74. 3 

274 32.4+3.4 30.8-4.3 31.0+3.8 29.2+3.5 
291 31.2-14.3 31.5±3.0 30.8"4,8 28.4±2.3 
308 29.5±3.5 29.1±3.1 32.314+.7 28.7±3.0 
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ANAPIASHA MARG III'ALE PARAS ITEMIA 

GROUPS 

I 1.1 .III CONTROL 

DAYS ±SDD SD X±SD 

' h. .7 . 

0 0 0 0 0
10 0 0.005+0.022 0.003+0.010 0.01040.036 

20 0.813-1-0.712 0.0251_0.045 0.045+0.150 0
 
30 0.007+0.017 0.026-.0.045 0.003+0.010 0
 

4o 0.04710.051 0.41.8+0.783 0.053+0.157 0.082-10.353 
60 0.042-0. 155 0.118+0. 278 0.147+0. 255 0.072.0.843 

72 0.321+0.767 0.4181-0.783 0.211+0.314 0.481+0.226
 
88 
 0.137+0.572 0.108-0.205 0.279+.0.450 o.327+0.753
 

106 0.316-1_0.821 0. 078H). 236 0. 33240. 647 0.071+0.188

123 0.171+0.395 0.080+_0.206 0.332-70.494 0.229+0.458 

138 0.25,5+0.935 0.285.0.797 0.183+,0.391 
 0.045+0.121
 
155 0.290+0.576 0.727-+1.151 0.418+1.005 0.240-+0.766
 

172 0.447q0.624 
 0.263+0.362 0.030+0.085 0.081+0.108
 
189 0.724-0.980 0.500"!0.627 0.142+0.397 0.351±1.240 

206 0.397+1.165 0.176--0.255 0.341+0.579 0.006-0.014 
223 0.129+0.304 0.022J0.062 0.008+0.026 
0.002+0.037
 

240 0.045+0.133 0.046.-0.113 0.009-0.010 0.225+0.829 
257 0.011+0.024 0.0587+0.172 0.031+0.082 0.0290.111 

274 0.006-0.014 0.001+-0.000 0.028+.0.041 
0.008+0.026
 
291 0.028-0. .17 0.01010.020 0.02670.04 7 0.0261-.040 
308 0 0.002-I10.0].0 0.006-0.030 0.021"+0.026 

http:0.02670.04


BABES IA BIGEMINA PARAS ITEMTA
 

DAYS 

0 

10 


20 
30 


40 

6u 


72 

88 


106 

123 


138

155 

172 

189 


206 

223 

240 

257 


274 

291 

308 


I 

X+SD 

0 

0.076+0.289 


0 
0 


0 

u 


0 
0.005-10.022 


0 

0 


0 

1
 0 

0 

0 


0 

0 

0.001+0.000 

0.001-0.000 


0.004+0.010 

0.002-+0.010 
0.006+0.014 


GROUPS 

II 

X+SD 

0.050+0.229 

u 0 

0 
0 

0 

0 

0 
0 


0 

0 


0

0. 008-+.0. 020 

0.002+-0.010 

0 


0 

0 

0 

0 


0.003+0.010 

0.001+0.000 

III CONTROL 

;±SD .X+SD 

0 0.001+0.000
 
0 0 

0 0.021-0.073 
0 0.026+0.075 

0 0
 
0 0 

0 0 
0 0
 

0.003+0.010 0
 
0.005+0.016 0
 

0 0
0. 003-40. 014 0 

0.003+0.014 0
 
0.003+0.014 0.006+0.024
 

0.013+0.049 0
 
0 0 

0.002+0.010 0 
0 0.004+0.014 

0 0.0011-0.000
 
0.003+0.010 0.001±0.000
 

0.00270.000 0.003+0.010 0. 004-j0. 010 
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BABESIA ARGENTINA PARASITEMIA 

•GROUPS 

I L1 III CONTROL 

DAYS XSD±SD *SD ±SD 

% 77 

0 0 0 0 0 
10 0.005+0.024 0 0 0 

20 0 0 0 0 
30 0 0 0 0 

40 0 0 0' 0 
60 0 0 0 0 

72 0 0 0 0 
88 0.003-0.010 0 0.079+0.354 0 

106 0 0 0.079+0.340 0 
123 0 0 0 0 

138 .0 0 0 0 
155 0 0 0.001+0.000 0 

172 0 0 0 0 
189 0 0 0 0 

206 0 0 0 0 
223 0 0 0 0 

240 0 0 0 0 
257 0 0 0 0 

274 0 0 0 0 
291 0 0 0 0 
308 0 0 0 0 
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RECIPROCAL CF TITERS FOR ANAPLASLMA MARGIZZALE 

GROUPS 

I .11 III CONTROL 

DAYS x x x -x 

0 0 i.6 1.2 0 
.0 1.6 1.2 1.2 1.2 

20 1.4 2.4 1.5 0 
30 10.0 3.1 1.5 1.4 

40 2.9 8.1 2.1 1.5 
60 1.4 2,7 4.8 6.8 

72 2.5 5.4 3.2 1.3 
88 2.7 4.4 5.0 8.8 

106 2.8 5.3 10.0 5.2 
123 3.1 2.7 5.5 11.0 

138 3.3 6.4 4.8 6.1 
155 3.0 5.9 5.8 5.3 

172 6.1 3.7 6.4 5.9 
189 2.4 2.4 3.5 2.4 

206 4.9 3.6 5.0 3.1 
223 3.6 2.6 4.1 3.9 

240 3.7 2.7 4.6 4.1 
257 2.5 3.2 4.3 2.1 

274 3.1 2.2 5.5 2.3 
291 3.2 3.7 6.7 2.5 
308 4.0 3.2 5.4 1.6 



RECIPROCAL CF 


I 

DAYS x 

0 1.6 
10 1.6 

20 2.2 
30 1.6 

40 1.1 
60 5.6 

72 4.6 
88 7.8 


106 1.5 
123 4.9 

138 3.9 
155 5.7 

172 5.2 
189 2.1 

206 3.0 
223 4.3 

240 4.3 
257 3.4 

274 3.0 
291 2.8 
308 3.2 

TITERS FOR BABESIA 

GROUPS 

II 

x 

1.3 
1,2 

1.2 
1.2 

0 
0 

0 
0 


0 
1.1 

1.3 
6.8 

6.4 
3.2 

4.4 
5.0 

4.0 
3.2 

3.9 
3.1 
4.0 

BIGEMINA
 

I* -CONTROL 

x. x 

1.4 1.7 
3.7 1.4 

1.2 1.4 
2.9 6.1 

3.2 5.7 
3.8 5.0 

1.5 4.2 
4.8 5.4
 

7.9 5.7 
6.4 3.6 

3.1 4.5 
5.5 4.7 

3.6 4.9 
4.0 4.4 

1.8 3.5 
3.7 5.3 

5.2 4.8 
3.9 2.9 

4.5 2.8 
4.2 3.1 
3.9 2.5 
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RECIPROCAL CF TITERS FOR BABESIA ARGENTINA 

GROUPS 

I ,11 ,ll1 ,CONTROL 

,DAYS x .xx x 

0 
10 

0 
0 

1.2 
0 

1.2 
0 

0 
1.2 

20 
30 

0 
1.2 

lo 
0 

1.2 
1.2 

1.5 
1.5 

40 
60 

1.9 
3.3 

0 
0 

1.7 
1.1 

1.1 
1.8 

72 
88 

1.3 
2.4 

0 
0 

1.4 
1.9 

1.6 
1.2 

106 
123 

3.6 
3.0 

1.2 
1.4 

2.0 
1.5 

2.1 
2.8 

138 
155 

1.3 
1,5 

1.7 
2.6 

1.4 
1.3 

1.6 
1.7 

172 
189 

1.3 
0 

2.6 
1.4 

.1.3 
1.3 

1.7 
1.4 

206 
223 

1.6 
1.4 

2.0 
1.5 

1.4 
1.5 

1.8 
0 

240 
257 

1.4 
0 

1.3 
1.6 

1.1 
1.4 

1.4 
0 

274 
291 
308 

1.9 
1.4 
1.4 

1.0 
1.8 
1.1 

1.2 
1.8 
2.9 

1.5 
0 
0 
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IGUINAL TICK COUNTS 

(cP' UPS 

.I .II .I .CONTROL 

DAYS .±SD 	 D +SD D
 

155* 65.7+70.4 25.64-29.8 10.5+12.0 10.0+9.5
 
172 22.5-+50.0 28.3+31.4 9.7±-16.0 10.0±16.4
 

189 9.91-14.6 6.4+7.6 19.4+12.4 20.4-+25.8
 
_°­206 LVo4 U.o& 14. .3 12.4_' . u._ V 

223 5.7+3.0 8.4+5.6 19.8+15.5 26.2+16.0
 
240 14.0+15.8 16.3-33.0 14.4+16.2 166.1±192.1
 

257 20.6+14. 9 6.2-1-22.7 21.2+31.5 29.4-I1.2 
274 8.8-10.0 6.1+8.3 35.1-37.6 38.8+27.9 

291 1.31-2.5 7.2±13.2 8.41-6.9 35.1+26.4
 
308 
 1.8+2.1 4.8,+4. 7 15.8±19.3 19.7±11.3
 

* 	 From day 0 through day 138, all calves were infested with 
low levels of ticks that were below levels that could be 
efficiently counted. 
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BUNOSTOMUM SPP. 

GROUPS 

DAYS 

.I 

x 

.11 

x 

III 

x 

'CONTROL 

x 

eggs/g -eggs/g eggs/g eggs/g 

0 
0O. 

60 
88 

In 

0.00 
noI 

0.00 
0.26 

0.00 
A lo 

O.V0 

0.00 
0.00 

0.00 
no rAPI 

. Ov. 

0.00 
0.41 

0.00 
^, fm 

O0U 

3.00 
2.30 

123 
155 

189 
223 

257 
291 

0.11 
1.79 

0.42 
0.'28 

0.22 
0.05 

0.00 
0.11 

0.11 
0.95 

0.32 
0.00 

0.79 
1.00 

0.17 
0.94 

0.06 
0.00 

3.30 
2.00 

7.06 
11.79 

3.38 
7.57 
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COOPERIA SPP. 

GROUPS 

II llI •CONTROL 

.DAYS ,x x 

eggs/g 'leggs/g eggs/g .eggs/g 

0 
30 

0.00 
0.00 

0.00 
0.00 

0.10 
22.50 

0.00 
0.58 

60 
88 

0.00 
3.32 

0.15 
2.26 

8.42 
15.24 

4.47 
13.88 

123 4.16 18.50 71.95 61.44 
155 21.16 22.47 50.33 81.88 

189 99.53 30.26 35.56 71.94 
223 18.78 100.21 57.12 5.53 

257 2.16 20.58 53.89 1.46 
291 0.95 5.89 0.73 20.43 
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DICTYOCA ULUS VIVI.,.RUS 

GROUPS
 

I I II CONTROL 

DAYS x 

larvae/g 1irvae/g .*arvae/g larvae/g 

0 2.42 1.50 3.15 2.16 

30 8.42 2.75 0.95 0.26 

60 1.32 1.50 0.53 1.32 
88 0.00 0.05 0.00 0.05
 

123 0.00 0.00 0.11 0.06 
155 0.05 0.00 0.17 0.24 

189 0.16 0.21 0.25 0.59 
223 0.50 0.11 0.13 3.67


4 

257 0.06 0.32 0.22 1.38
 
291 0.00 0.22 0.00 0.00
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EIMERIA SPP. 

GROUPS 

I Ii II CONTROL 

DAYS ,x x x 

.eggs/g ggs/g egga/g eggs/g 

0 
30 

631.68 
31.58 

73.70 
69.50 

6.25 
441.80 

77.05 
344.84 

60 72.79 20.80 143.65 158.11 
88 230.42 38.42 271.56 280.82 

123 
155 

71.53 
268.11 

251.35 
329.50 

172.84 
329.56 

22.88 
25.82 

189 
223 

422.43 
166.17 

384.68 
201.26 

171.39 
145.56 

86.88 
17.40 

257 74.50 13.16 88.06 6.08 
291 23.05 3.21 0.82 16,71 
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HAEMONCHUS SPP. 

GROUPS 

I II .11 .CONTROL 

DAYS x 

eggs/g Ieggs/g qggs/g. eggs/g 

0 1.95 0.00 0.00 0.00 
30 3.68 0.20 0.00 16.47 

60 0.00 0.00 0.00 0.11 
88 0.00 0.00 0.11 0.74 

123 0.37 0.80 0.21 5.83 
155 0.63 3.40 2.22 2.94 

189 
223 

1.89 
1.39 

0.06 
0.32 

1.72 
0.59 

10.29 
6.87 

257 0.72 0.32 0.06 0.69 
291 1.58 0.74" 0.00 1.43 
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MONIEZIA SPP 

OROUPS 

.1 .11 III CONTROL 

.DAYS .x .x x 

eggs/g .bgg/g eggs/g eggs/g 

0 0.00 0.00 0.00 1.05 
30 0.00 0.20 0.00 0.00 

60 0.00 0.00 0.00 0.00 
88 0.00 0.00 38.82 1.05 

123 0.00 0.00 0.00 8.42 
155 0.00 0.00 0.00 10.00 

189 3.95 4.11 0.00 0.00 
223 5..68 0.00 0.00 0.00 

257 0.00 0.00 0.00 0.00 
291 1.42 0.00 0.00 0.00 



OESOPIIAGOSTOMM RAD IATUU 

GROUPS
 

.I rI 

DAYS x x 


-egg/8 eggs/g 

0 0.00 1.55 

30 0.00 0.00 

60 0.00 0.00 
88 0.00 0.11 


123 0.16 3.55 

155 0.00 0.95 

189 4.16 0.00 

223 0.00 1.58 


257 0.00 0.79 

291 0.00 0.21 


1II CONTROL 

x x 

eggs/g eggs/g 

0.00 0.00 
0.00 0.05 

0.21 0.74 
0.35 0.37 

0.00 0.00 
1.67 2.06 

1.00 3.53 
0.24 0.87 

0.56 0.69 
0.00 0.29 
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STRONGYLOIDES SPP.
 

GROUPS
 

•I .lI -III CONTROL 

.DAYS X Ix x x 

Larvae/9 Larvae/9 Larvae/& Larvac/g 

0 87.42 104.20 623.50 881.21 
30 0.11 20.10 71.50 521.95 

60 220.16 269.90 21.32 401.11 
88 
 4.68 2.84 22.06 85.06
 

123 1.21 34.16 23.89 31.88
 
155 11.89 15.26 66.94 20.00 

189 28.05 28.11 15.61 25.00
 
223 27..68 52.89 27.53 
 1.40
 

257 1.67 13.53 6.33 0.00 
291 1.47 0.32 0.18 2.86 
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TRICHOSTROGYLUS SPP 

GROUPS 

I II III CONTROL
 

DAYS x x x x
 

eggs/g egg/g eggs/g eggs/g 

0 0.00 0.70' 0.50 0.21 
30 0.00 0.70 13.50 0.00 

60 7.89 0.30 0.00 0.00
 
88 0.26 1.16 7.29 0.29
 

123 0.79 0.00 0.05 2.35
 
155 0.00 0.00 0.06 0.94 

189 0.26 0.56 1.89 23.65 
223 0.56 2.74 0.24 2.07 

257 2.06 0.42 0.00 0.38 
291 1.32 9.68 0.09 7.43 



30 

DISCUSSION AD CONCLUSION 

In reference to the endoparasite control program, the data (pg. 21-29)
 

indicates that the application of anthelminthics generally reduced the
 

endoparasite loads of Groups I, II and III as compared to the control
 

Group C. However, the anthelminths had little effect on Eimeria spp, 

Moniezia sp. or Strongyloides Ip. Dictyocaulus viviparus caused the
 

most significant loss ib.production and the highest mortality rate, and
 

therefore, had to be treated in all groups on days 73 and 87 to eliminate
 

interference with the hemoparasite treatments. Ifmortality was included,
 

the anthelminthic treatments yielded increased weight gains (278 kg more
 

than the control) land increased net monetary returns (US$61 more than Group
 

C), however, when mortality was not included the anthelminthic treatments
 

yI-dpd nnly qg ko mnnp tha, tho rntrols aa . net lose of US$27. The most 

important effect of the endoparasite treatment was to reduce and control
 

the level of endoparasites so that the hemoparasites could be better evaluate
 

Because the ectoparasite control was applied at 10 day intervals for
 

the first 60 days and at 17 day intervals, thereafter, tick counts were
 

deemed unnecessary since the tick loads were very low until day 155. From
 

day 155 through day 308, the tick counts (pg. 20) demonstrated that the
 

insecticides had a variable control effects, e.g. the control group had
 

higher numbers of ticks from day 223 through 308 at which the tick population
 

of the pastures rose greatly. The insectide control of ticks aided to redu­

ce the hmount of hemoparasite-tick field challenge in Groups I, II and III.,
 

Groups .EII and C generally had packed cell volumes lower than or equal
 

to Groups I and II,however, no significant differences occurred between the
 

4 groups. Groups III and C's packed cell volumes never decreased significantly
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below Groups I and II which indicated that the hemoparasitq challenge was 

not as groat as was anticipated. The parasitemias (Pg. 14, 15, 16) of 

A. marginale, B. bipemina and B. argentina were correlated and consistent
 

with the changes in the packed cell volumes. Group II, treated with 4A65, 

had an increased parasitemia of A. marginale, but no parasitemias of B. 

bigemina occurred until day 155 and B. argentina never appearted. The 

complement fixation titers (17, 18, 19) for A. marginale, Bs biemina *and 

B. argentina were correlated and consistent with the parasitemias. 

The mortality rates (Pr. 11) of Group C was very high due to anaplasmoT 

sis compley.e-d with verminous pneumonia and internal parasitism, however, the 

primary cause of death in all calves except one in Group C was due to acute 

exacerbations of chronic anaplasmosis. 

Average weight gains (Pg. 9,10) and average daily weight gains (pg. 11) 

emiaudinzg mortalities were highest in uroups i and 11 througlout the experi­

ment. On day 257, the average weights of Groups I and I were significantly
 

(P 0.01* higher th, ie Group C, however, the avdrage daily gains were not 

significantly different. 1f the mortalities were included, highly signi­

ficant differences occurred in the iaverage weights (Pg. 6, 7) on days 155,
 

223 and 291, and the average daily weight gains (Pg. 8) were significantly
 

different on day 257. Groups I and III had significantly higher average
 

weights and average daily weight Gains than Group C.
 

Excluding mortalities, Groups I and II yielded US $548 and US $144
 

higher net returns (Pg. 11) than Group C based on 20 calves. Including mor­

talities, Groups I and II yielded US $935 and US $311 higher net returns
 

(Pg. 8) than Group C based on 20 calves.
 

From these data, it is evident that the use of endoparasitic and ecto­

parasitic control measures are profitable and feasible, but greater profits
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can be obtained when combincdwith heinoparasitic control me hods. 

On the basis of data 'obtained and analized from this research project, 

it can be concluded that control of blood parnsites is not only feasible, 

but economical and productive yielding highly significant net monetary
 

returns. 
Assuming that the total Colombian cattle population is appro­

ximately 20 million, anaplasmasosis and babesiosis could directly cause a
 

loss of 25 million dollars or 56 million pounds of beef per year to the
 

Colombian cattle industry based on the experimental information obtained
 

from this project, if these are representative.
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IV.".WNi RESPONSE OF CATTL .INOCULATED WITII IRRADIATED 

BABESIA BIGEMINA 

INTRODUCT ION 

raranitic protozoan induced immunities demonstrate many features in
 

common with other microbiological infections, but because of the compli­

cated life-cycles of protozoa, the phenomenoii is not a simple reaction
 

.of the host to a single stage of the parasite. Instead, a variety of
 

responses is evoked by forms which develop in the invertebrate host, by
 

the final products circulating in the blood, and in some instances, by
 

the continually changing antigenic pattern. Apart from the serum anti­

body response, recent work has indicated that .cell-mediated immunity
 

may be importatn in the host's defenses againstt certain protozoan para­

sites (Target, 1968). The inconclusive results obtained with immuniza­

tion 'using killed protozoa or protozoan fractions have been attributed to
 

the complex and highly variable antigenic structures of the organisms
 

and the loss of denaturation of the antigens during the preparation of
 

the vaccines. Furthermore, the parasites may have been too rapidly
 

destroyed in the host to elicit a discerrsible Protective effect.
 

Although immunization against protozoan diseases has been studied
 

in great detail, ;here has been little progress in the development
 

of reliable vaccines. In fact, immunization has been
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put to practical use only aGainst bovine babosiosis, bovinj
 

theilcriasis, avian coccidiosis, and cutneous leishmaniaois
 

of man. In these instances, inoculation or exposure of living 

prasitic protozoa produces infections that result in piotection 

of the host which unfortunately ensures continued transmission
 

of the disease. narrow
The margin bet-een the induction of
 

fatal disease 
and mild infections, resulting in protection, has 

led to the search for avirulent organisms that retain their
 

ntwunogonic propertie s
 

Irradiation of protozoa iiterferes with their physiologic
 

processes and frequently inhibits their normal development and 

multiplication (Giese, 1967). 
 Studies on the effects of ionizing
 

radiations on parasitic protozoa have repeatedly shomrn that while
 

an extremely high radiation dose is necessary to 
cause immediate
 

death of the parasite, much lower doses can interfere wirth infec­

tivity (Kimball, 1955). The-imnogenicity of irradiated Babesin
 

rodhain! (Phillips, 1970 & 1971b), Plasmodiun.sD. (Corradetti, 

et al.,-1968; Nussenzweig, et al., 1969; Sadun, et al., 1969) and 

TZypanosoma'sp. (Duxbury & Sadun, 1969 & 1970; Sanders & Wallace, 

1966) in experimental animals (mice, rats, and owl monkeys) has 

been investigated. These studies have shown that parasites irra­

diated rith a dose which abolished their reproductive potential 

And ability to produce patent infections may retain their capacity 

to produce an imp.no response in a susceptible experimental animal. 

Therefore,.the use of irradiated parasitic protozoa as vaccines
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might provide the upecial imunological properties of living pro­

tozoa while suppressing the pathogenic effects. 

Yore information is needed from studies which evaluate the 
potential use of irradiated parasitic protozoa as vaccines against 

natura.lly occurring blood protozoan diseases where interactions
 

among the host, parasite, vector, and environment are involved 
in promoting a state of stable iraimunity. Bovine babesiosis which 

occuis in the waner are.as of all continents offers a'unique sys­
tem to evaluate the use of irradiated vaccines against naturally 

occurring blood protozoan diseases. Bovine babesiosis is a na­

turally occurring tick-borne disease caused by species of Babesia 
which penetrate and destroy erythrocytes. The expert panel at 

the first Research Coordination Meeting of the joint Food and 
Agriculture Organization and International Atomic Energy Agency 

program on the use of isotopes and radiation in parasitology has 

recotra.ended that radiation studies Irith Babasia be encouraged in 
view of their potential value in the development of vaccines 

(Anon., 19,68). 
 1
 
The followirng series of investigations were undertaken to 

study the effect of various radiation dosages on the infectivity
 

Pnd immunogenicity of erythrocytic stages of Babesia bi.emina.
 

The effect of freezing on the im-unogenicity of irradiated B. bie­

.in.a .w -lso studied. The Studies were conducted toward the
 

ultimate goal of producing irradiated vaccines against bovine 

babesiosis... 
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NATTALS JA..D MAETHODS 

ExeriMental Pnimls 

Three-day-old r-ale Holstein calves obtainedwere fro-m near 

Facatativa, Colobia and w.;ere hand-raised to 3 months of age on 

the Tibaitata Instituto Colombiano Agropecuario (ICA) experiment 

station, in an area free of Boohilus t&cronlus. The calves were 

housed for thu duration of the experiment in a tick-free envi­

ronient at the ICA Laboratorio de Investigaciones Hedicas Vcter­

inarias (LIV) in Bogota, Colombia. Insect control was maintained 

by the periodic application of a residual Dichlorvos* oil base
 

spray in the housing area.
 

The calves wore given a grain ration (see Appendix Table 

Al) at the rate of 2.7% of their body we.ght which met the daily 

nutrient requirements for grotzth and maintenance of dairy calves
 

suggested by the National Research Council (Anon., 1966). 
 The
 

calves were also give;i oat silage, salt, and a 1 :1 (v/v) mixture 

of salt and bone meal free choice throughout the e:perinent. 

The calves vere screened for the incidence of helminthism
 

and coccidiosis by fecal examination and treated Aith thiabenda­

zole" * and sulfabromomethazine '° before the experiment began. 

*Vapona, Shell Colombia, S. A., Bogota. 

* Thibenzole, .erck Sharp & Dohme Quimica de Colombia, S. A.,

Bogota and Cali, Colombia.
 

*-*Suldur, R. E. Squibb & Sons, Inter-Amrdrican Corporation, 
Cali, Colombia. 
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The calves erae vaccinated ag3inst foot-and-mouth dicase, virus 

types 0 and A, Clostridium chonvoci, Cl.ostrid.u-i s. icu-m, Pas._­

tc'.rella rltocidn, and Past u-el.a heuolitica before the experi­

ment beoan.
 

Splenecto-ized calves ,ere used for the isolation and sepa­

ration of B. bir-..na, preparation of irradiated and challenge 

inocula, subinoculation for the detection of subpatent parasitemia 

and production of antigens for the CF test. Splenectoury was 

carried out under general anesthesia using 1 -l per kg of body 

smight of an aqueous solution of chloral hydrate (42.50 g/l), 

pentobarbital (9.72 g/l), and magnesiun, sulfate (11.26 g/l).* 

The spleen was croosed ti~ough a left lateral incision in the 

,..- ; IdC;r'liting the splenic artery and vein, 

the spleen was removed. Blood mears and CF reactions for Babesia 

and Anaplas. a were deteni ned weekly for at least 5 .,eeks after 

splenectomy and prior to inoculation, to insure that they did 

not carry a latent irnf Ction with Babasia or Anaplasema. 

Experimental Organisms 

The B. bigemina used in the following studies was obtaine 

fro~m a splcnectomized calf which had an acute tick-transmitted 

infection of B. bigemina. A 4-month-old splenectomized calf was 

*Equi-Thesin, Jensen-Salsbary Labor; ories, Kansas City. Ma.
6L41142. 
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transported by airplane from the IO-LE.X laboratoies in Bo~ota 
to the northern coastal area of Colcmbia and placed on a tick­

infested pasture at the Turipana IM experiment station near
 

Monteria.
 

Daily thin filmis were 
 made .rith blood obtained from the jug­
ular vein using 1.3 g/l of disodium ethylenediamine tetraacetate 

(EDTA) as an anticoaguiant. , The films were fixed in absolute
 

methanol and stained .rLth a 1 to 
20 solution of Giemsa* for 20
 
minutes, using phosphate buffered *uater (p'H 7.0-7.1) 
 containing
 
0.01% alkyl p1enoxy polyetho.cj ethanol " (APPE) 
 to prepare the
 
stain solution. Stock solutions of 2/15 N221O, 
 'f/15 NaH2 PO ,
 
and 10% APPE were prepared 6nd stored in 
 'eparate glass stoppered 
bott' es. Fresh buffered woater containing 0.01% 'APEwas prepared
 
weekly by using 39 ml of '%f/15 1:a32 ?04 , 
 61 ral of 1."/15 Na2 H?0 4 , 1 ml 
of 10% APE, and 899 ml of distilled water. An electric pH meter " ** 
was used to deter ine the pH of the freshly prepared buffered water 
containing APP2. The 'films .ere examined microscopically, using 
a raicroscope with an oil iriersion objective, for 30 minutes in 

Giemsi Stain. Gradwohl Laboratories, 3514 Lucas Avenue,St. Louis, No. 63155­

**Triton X-10. Rohm and Hass, Independence Hall West,
Philadelphia, Pa. 19105. 

-.**Beckmian Expnndomotic Y'odel 76. Beckman ITnstirumants, Inc.,:in ific In t'ulA .1,,; Mivi.sio, Fl)o3,c ton, Califonia 92 63h. 

http:polyetho.cj
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ca:;cs ;when the fir L appear-nce of w~b':dnthought to be;as 

ii,,in-nt. Th, fil:,a wareoxr.xminod about 3 to 6 rra frola the end 

of the Zilm and transversed froa one side of the film to the 
othcr to - and representative sample. After B.give constant bi­

geminn wo.s found in blood s.ears, 180 ml of blood were withdrawn 

fror. the jugular vein of the splenectoized calf, using 1.3 g/l 

of dipotassiun EDTA as an anticoagulant. The blood ums transported 

by airplane to the ICJI-L*I!V laboratories in Bogota for the sepa­

ration of B. bigemina from B. argentina, B. ir, and Anaplasma 

marg.inale.
 

The miethod of separation of B. bigemina from B. argentine, 

B. maior, and A. mar4,innle involved rapid passage through 5 

splneoctonized calves and iwas based on that used by Sergent et al. 

(1927) and Callow and Hoyte (1961a). The first calf was inoculated 

withi blcod carrying several diffe -ent organisms, and subsequent 

subinoculations rere done soon after blood smears frorm each 

calf were found to be-positive for B. b lgeZ Ua. Blood for subin­

oculation eas collected from the jugular vein without using an 

anticoagulant and each passage was carried out irzr.ediately by in­

jecting the blood into the jugular vein of the next splcnectomized 

calf. 

Tho drugs used to treat the Babesia infections were trypan 

blue and ,4' -dim idino-diazoaminobenzone diaceturate.* Trypan 

*•Ganaseg. Squibb, Cali, Colotabia.
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blue was used for suo-'sa - the B. bi n iii'cct'on without 

interfering rrith the potential D. acrrl'na infection. 
I 

A frozen stabilate of D. was a.n rade using modift­

cation of the method rcportud by Pipeno ad Sonft (1966Y. Blood 

conta.ning 2.5" B. bis'ri_ parasiti:c.d c-ythrocytes was collected 

from the fifth splenecto;izad calf at the acute stage of the 

disease by veniptuncture using 1.3 g/l disodium JIDTA as an anti­

coagulant. Glycerol was used as 
 a cryoprotective agent, at a
 

final concentration pf 1.6$. 
 Fifty -l of the blood-glycerol
 

mixture were dispansed in 60 ml plastic 
narrow touth bottles
 

writh screw caps*, and incubated for 30 rminutes 
 at h°C. After
 

incubation, 
 the blood was stored in a dry ice cabinet at -79°C. 

Preparation of Irr..dat.d and Challenge ,nocula 

Blood containing B. bigenina vas collected from splenec­

tomized calves during the acute stage of babesiosis after inocu­

lation with 50 ta) 
 of the frozen otabilate of B. bigermina. Although
 

calves iore inoculated or challenaed at different ti.,ns, each 

inoculum was prepared from oplenectonized calves previously ino­

culated with a standard dooe of the same B. bi emina infezted 

blood. Blood containing B. big-mina ..as collected from the donor 

splenectomized calves during the acute stage of the disease by 

veniDpuncture using 1.3 g/1 of dipotassium EDiA as an anticoagulant. 

*Kirrble, Owens-Illinois, Toledo, Ohio 
L3601.
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Thu number of B. hi eona parasitized crythrocyte: p'r ml of 

blood was datormined from an estimnte of the percentage of ery­

throcytes parasitized and the erythrocyte count.
 

For irradiation treat-ment, 120 ral of inoculum iere divided 

equally betwreen 2 plastic Petri dishes, 1.3 cm deep and 9.1 cm 

in dia-iteter. The depth of inoculum in each Petri. dish was approx­

imat ly 1 .0 cm. The inocului in one Petri dish was exposed to 

the desired amount of radiation using a cobalt-60 teletherapy 

unit*. This 3129-c source delivered a dose rate of approximately 

200 Rads/min at an e :oosure distance of 50 cm. The dose rate 

was determiz6d by ferrous chemical dosimctry and periodic verifi­

cation of the dose rate was carried out by means of a dosimeter*. 

The inoculumi in tha other Petri dish was placed ii an adjacent 

room for the duration of the irradiation and used as a nonirradiated 

control.
 

Exmarimantal Procedures 

Five experiments were performed to study the effects of 

various ga ma radiation dosages on the infectivity and inmunogen­

icity of erythrocytic stages of B. biremina in cattle. In experiment 

*Eldorado 8. ATomic ;nergy of Canada Limited: Cooercial 

Products, ?. 0. Box 93, Otta.a, Canada. 

*Victoreen r-"Xeter 24od. io. 570. Victoreen Instru-ment 
Division, 10101 Woodland Ave., Cleveland, Ohio LI04. 
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I, 8 throe-month-old calves were divided into 4 groups of 2 calves 

each. Three. groups of calves w-ere given one intravenous inocula­
tion of blood containing I x 109 B. bir Jmna parasitized erythro­

cytes previously exposed to radiation doses of 22, 26, and 30
 

kRad. One cplf 'ei control group was given one intravenous 

inoculation of nonirradiated blood containing 1 x 109 B. biemina 

parasitized erythrocytes and the other control calf received one
 

intravenous inoculation of a similar volume of nonparasitized 

blood previously exposed to a radiation dose of 30 kRad. All 

calves in experiment I were challenged intravenously w..ith blood
 

containing 1 x 1010 B. bigem.ina parasitized erythrocytes 7 weeks 

after the last inoculation. 

In experiment I, 6 three-mon,-u.u ua.jLve- wore aivided 

into 3 groups of 2 calves each. Two groups of calves were 

given one intravenous inoculation of blood containing 1 x 109 

B. bigemira parasitized erythrocytes previously exposed to ra.dia­

tion doses of 36 and L2 kRad. The groups of calves that failed 

to show parasitic multiplication and reinvasion of erythrocytes 

were given a second inoculation in a similar manner 1L days after 

the first inoculation to enhance any immunizing effect that the 

irradiated parasites right have had. One calf in the control 

proup was given one intravenous inoculation of nonirradiated 

blood containing 1 x 109 B. big.xnina parasitized erythrocytes 

and the othur control calf received 2 intravenous inoculations 

at a 1h day interval of a similar volume of nonparasitized blood 
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previously cxposad to a radiation dooe of L,2 dtad. 

In exori;-ient III, 4 three--.vonth-old calves wzero divided 

into 2 group3 of 2 calves each. The 2 groups of ca)Ives were 

containing 1-x 109 
given one intravenous hioculation of blood 

B. bigea.mna parasitized erythrocytes previrusly exposed to radia­

tion doses of 36 and 42 kRad. The inoculation schedules in ex­

perirmants II and III vare arranged so that all calves received 

their final inoculation on the sa.e day. All calves in experi­

ments II and III ware challenged intravenously wdth blood con­

taining 1 x 1010 B. bigemina parasitized erythrocytes 3 weeks 

after the last inoculation.
 

In experiment IV, 31 four-=nth-old calves were divided 

into 4 ey-oerimental groups of 4 calves each and 5 control groups 

of 3 calves ench. The 4 e: eri.ental groups of calves were 

given one intravenous inoculation of blood containing 1 x 1010 

B. big ainn parasitied erythrocytes previously exposed to radia­

tion doses of 24, 36, 48, and 60 -Rad. 

The first control group of calves were given one intravenous 

inoculation of nonirradiated blood containing 1 x 1010 B. bi£ewina 

parasitized eiythrocytes. To evaluate the possibility that some 

reduction in parasitcmia might be the result of a reduction in the 

number of viable parasites injected rather than an attenuation 

of the parasites injected, the second and third control groups of 

calves received on intravenous inoculation of nonirradiated
 

blood containing 1 x 107 and 1 x 1o4 B. bi.amna parasitized 



crthrocytlas, resp1ctiw.ly. To test the hyp.sth-.-:: Lt living 

crythrocytic -tapgs of 3. b,,-na exposed to a radiation dosc 

sufficient enough to prevent progrossive parasitw,,,ins are uor,3 

immanogenic than non-living parasites, thc fourth control group 

of calves were given one intravenous inoculation of blood con­

taining 1 x 1010 B. bier.ina parasitized erythrocytes previously 

heat inactivated in a water bath at 560c for 30 milnutes. The 

fifth control group of calves received one intravenous inoculation 

of a similar volume of nonparasitized blood previously c:cposed 

to a radiation dose of 36 kRad. Al.l calves in experiment IV hero 

challenged intravenously with blood contaiing 1 x 10 B. b4­

r--na paraoi',Lzed eryt,.rocyt.s h weecks after their last inoculation. 

E~p~uh,'.: V was undertamne to study the effect of freezing 

on the imunogenicity of irradiated orythrocytic stagcs of B. bi­

gemina. An aliquot of blood containing B. bi,,d parasitized 

erythrocytes previously ex .'sed to a radiation dose of 60 kiad for 

the fourth experit:ental group in e:qperiamcnt IV was frozen using 

the method pravicasly described for the preservation of B. bipr.ina. 

Four t-month-old calves izere given one intravenous inoculation of 

irradiated blood containing 1 x 1010 B. bigenina parasitized, c­

throcytes previously frozen for .)8hours. The inoculated calves 

in experiment V were challenged intravenously rith blood containing 

I x 1010 B. bi.em i .parasitized erjthrocytes 26 days after the 

last inoculation with an aliquot of the same challenge inoculura 

used in experimant IV and on thq same day as in experiment IV. 

http:resp1ctiw.ly
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Assessment of Reactions
 

Parasitemia 

Combination thin and thick blood films.. The calves were 

exmined daily for the presence of parasitized erythrocytes by
 

the use of combination thin and thick blood films. The blood
 

films were made with blood obtained from the Jgular vein using
 

1.3 g/1 of disodium EDTA as an .anticoagulant. The thin blood 
films was extended over 1/2 the length- of the microscope slide and
 

rapidly dried.. The method used for the preparation of the thick
 

film on the opposite end of the microscope slide was based on a
 

technique described by Mahoney and Saal (1961).
 

The thi. blood film was fixed with absolute methyl alcohol. 

The slide was held in a slanted position with the thin film down 

and a few drops of absulute .methyl alchohol placed on the thin
 

film. 
To prevent alcohol or alcohol fumes from contacting the
 

thick film,. the slide was placed.in *avertical position with
 

the thick film up until the methyl alcohol had evaporated. The
 

slides were then placed in a staining'rack" and kept at this stage
 

for furhter processing.
 

Just before staining the slides were placed in an incubator .for
 

http:placed.in
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drying was required to ensure that the thick filrsn did not wash 

off during the stUinng process. To prevent deterioration of 

the thick films, the combination thin and thick films were stained 

soon after final drying. 

The method used for the staining of the combination thin
 

and thick films Was based on a staining technique described for
 

Plasoodium sD. in man (Anon.,, 1970). The thin and thick films
 

werb placed in a 1 to 50 solution of Giemsa stain for 45 rainutes
 

to lyse the unfixed oerythrocytes Ln the thick film and to staiU
 

the blood films. Phosphate buffoed water (pH 
 7.0-7.1 ) containing 

0.01% APPZ was used to prepare the stain solution. 

Inmediately followring staining, the thin 'adthick films 

were rinsed briefly by dipp;.g the slides in a staining dish
 

fillud with buffered watcr (pH 7.0-7.1 ) containing 0.01% APME.
 

A rubber band 
was placed around the staining rack to hold the 

slides in place. The staining rack was placed in a vertical 

position with only the. thick fi!m i-nmersed in the same buffered 

water containing APpE for an additional 3 to 5 minutes. The 

slides ware dried in the vertical position with the thick film 

down. 

For confirmation of Babesia parasitenia on thick films, it 

was necessary to resolve the objects as having a red nucleus and 

blue cytoplasm and to find some parasites that were typically
 

pyriform and arranged in pairs. La stimrat3 of the number of 

-parasites of blood thick films was theper. .w on made fronm number 
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seen on 20 field., and from an estimiatc of the numberof parasites 

of leukocytcs present on 20 fields, and from an estimate of the
 
t. of blood. The number of parasitesnumbcr of leukoctcs per 3 

per =m3 of blood was then converted to percent parasitiz'ed cry­

of the number of erythrocytes per n3 
anthrocytes from estimate 

of blood.
 

SubinocUations. Subifoculations were performed the day of 

*challenge fro-za 4 groups in experiment IV which were inoculated 

with parasitized erjthrocytes, but failed to demonstrate detec­

table parasitemias to determine whether subpatent parasitemia 

had resulted. Subinoculations from the 4 groups were accocplished 

c1 le'n. !()I MI- of b-O.. fct: cc Calf r, !"­

venipuncture using 1 .3 g/1 disodiur EDTA as an anticoagulant and 

injecting the blood intravenously by group into 4 splenectomized 

calves. 

Packed Cell Volurme 

Daily packed cell volumes ware determined by the microhema­

tocrit method with blood obtained from the jugular vein using 1.3 

g/1 of disodium EDTA as an anticoagulant. Plain capillary tubes 

75 mm x 1.2 zwa wera filled to approximately 1 cm from the end and 

the vacant end of the tube tras sealed by holdUing it in a flame of 

a high te,mperature gas burner. The filled capillary tubes were 
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then contrifugcd* for 5 irinutes at 11),500 rpmi and the packed cell 
volumes roeid directly from a Graphic readorx; '
 .
 

Rectal Temperatures and Body Wei,1ts
 

Daily recta. te;e-atures V.ere measured each niorning through­
out the experi-m.ent. 
All calves were w1eighed --
 weekly following
 

a 12 hour uithdrawal from feed. 

Babasjia) Fixin rF LMahn.qr T.,-.1 

General. 
Dat ri~nation of\babesial CF seru= antibo47 levels
 
was performed by a Microtiter procedure similar to that described
 
by Hidalgo and Diropoullus (1967). 
Serun samples were collected
 
from all calva.9 - -1.. 4-- -"c-wru10 ricroZiter procedure. V'nole 
blood was collected by jugular puncture, allowed to clot, and serun" 
recovered after centr-fugation--- at 2,500 rpm for 20 rdan-utes. 

The CF microtiter procedure was conducted i polished trans­
parent plastic trays containing 12 rows of 8 wells each. pReagents 

*International M'eicro-Capillary Centrifuge, Model 2B.national Inter-Equipmenz Co.-.pany, Ileedham 1 ts., 2a'ss. 02194. 
*-x'Interiationn.1 icro-Capil2lary Reader. International Equip­ment Co.pany, Needhan HLts., 2.ass. 0219 . 

-,xanger Balance, Model S .. Rangr 1arting -Ifg., ashing­ton C.H., Ohio L3160 

'-x'X'Interational Centrifuge,
Equipment Co., 

Size 2, Model K. InternationalNeedhara MltS., -%Vass. 02194. 

http:LMahn.qr
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except seruras uere added to vells w-ith dropping pipcttes* ,htch 

delivered 0.0* ml. per drop. Serums wer transforred to the 

wells in the test tray and serially diluted ith the ricrolops** 

which delivered 0.025 ml. Incubation of trays was condcted'at
 

37°C after being covered with an airtight plate sealer to 	prevent 

excessive evaporation of reagents.
 

Veronal buffer was used to dilute all reagents in the CF
 

microtitor procedure. It mas prepared and stored as described 

in thd standard anvplasmosis CF procedure (Anon., 1958). Ovine 

erythrocytes for +thehemolytic syster2 were collected, stored, and 

washed as previously described (Anon., 1958). For conducting 

the C? microtiter procedure, 2.0% suspensions of ovine erythrocytes 

were prepared as described Ui the standard anaplasmosis CF pro­

cedure (Anon., 1958). 

Hemolvsin titration. The follorLng reagents ".ere prepared 

to titrate hemolysin: ,(i) 2% ovine erythrocytic suspension, (2)
 

1:25 	dilution of a corercially produced complement , and (3) 

.1:1 ,000 dilution of a co.marcially produced herolysin ** The 

-*icrotiter Pipette Dropper. Cooke Engineering Comany, 
MedicAl Research Division, 900 Slaters Lane, Alexandria, 	Va. 22314.
 

*3H,icrotiter Loops. Cooke Zhgineering Company, Medical Re­
search Division, 900 Slaters Lane, Alexandria, Va. 22314.
 

*ITBL Lyophilized Guinea Pig Complement. Texas Biological 
Lab. Inc., P.O. Box 722i Fort Worth, Texas 76101. 

*-x*Sycco Sheep Cell Heaolysin. Tho Sylvana Co., Millburn, 
New Jersey 07041. 
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1 :1 ,000 dilution of hcimolyzin was further diluted ond titratMd 

according to the schor .c previously described (Anon., 1958). For 
the preparation*of the he::olytic e cten, oqual ar.ounts of th 2% 

suspension of ovine erylthocytes and diluted titrated her'olysin
 

were mixed and stored at 4-6 0 C for 1 day before 
using. A unit of 

heimolysin uwas defined as the highest dilution producing complete
 

heimolysis of an equal volume 
 of a 2% ovine erythrocyte suspension 

within 45 minutes at 37°C in the presence of an excess of corplement 

Co..olcment titration. The following reagents were prepared 

to titrate the complement: (1) 2& ovine ez-jthrocytic suspension, 

(2) hemolysin dilution (2 units/ral), and (3) 1:25 dilution of 

commercially produced co.plment. The coiplezent was further 

diluted and titrated according to the scheme previously described
 

(non., 1958). 
 A unit of complez-ent .as defined as the highest 

dilution producing complete hemolysis of a equal volume of 2%
 

ovine erythrocytic suspension 
:n the presence of an equal volume 

of hemolysin (2 units/ml) ithin 45 minutes at 370 C. 

Preparation of antiren. Blood containing 23% B. bigenaina 

parasitized erythrocytes was collected by carotid artery canulation 

from a splenoctominead calf during the acute stage of babesiosis 

after inoculation writh 50 ml of the frozen stabilate of B. bigemina. 

Blood whs collected in sterile 2 1 Erlenm.eyer flanks using 1.3 g/l 

disodium EDTA as an anticoagulant. After collection, the blood 

was plced in a refrigerator for 3 hours at 4-6°C. The plasma was 
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rciovad a'fto' cn, uZ:'-Ein* at 2,500 rpr (1020 xg) for 2O.rmin­

utas at 2-4 0 C, and the ea.jory ocytas were washed tirice ,rith sterilo 

physiological sali at 4-60c.
 
BbesinJ. bi--: entigens for the C? microtiter procedure
 

ware prepared from the washed er .throca-tesby a method described 

by Mahoney (19 6 7c). The washed erythrocytes were lysed with 10 

volumes oi 0.35% sodiura chloride and ie mixturo was centrifuged 

at 5,600 rpm (5,000 x:a) for 30 =inutas at 2-40C. The sedit.ment 

I.:as wauhed and reuspU-ndsd in an eqv,,l voluume of the Came diluent 

anl oxainccd r.i:Lcroscopicrlly La GiOucza stainad smears,, Ditilled 

water extracts were. prepared by mixing volumeone of parasite 

sucpcnsion mith 2 volu a.s of dis tilled -,atar, shaking vigorously 
for 2 minutes, and then centriwhng at 5,600 rp (5,000 xg) for 

30 minutes at 4°C. The supernatzant fluids were numbered serially 

in order of collection, placed in ampoules in 3 ml portions and 

stored in a dy ice cabinet at -790C. The third extract was 

strongly antigenic and' as the B. biglmina antigen used in the 

CIF microtlter procedure.
 

Antigen titration. The following reagents were prepared to 
titrate the mntigen: (1) 2% ovine erythrocytic suspension, (2) in­

activated posiiva serums (3)inactivated negative serums, (4) 

*Sorvall Suparcpeed RC2-B Autormatic Refrigerated Centrifuge.
 
Ivan Sorvall Inc., Newtoun, Conn. 06470.
 



homolysin (2 unitu/ml), (5) couplcir.nt (2 units/al), and (6) jnti­

gen dilution of an approximate strength that would cause complete 

|
CF within the range of the titration procedure. Antigens wore"

titrated against a group of 6 positive Pnd 2 negative reference 

serums according to the scheme previously described (Anon., 1958).
 

The positive serums were from animals that had recovered from
 

blood-induced infections. The serums were taken from 1 to 4 

months after infection and were inactivated in a rater bath at 

560 C for 30 minutes. A unit of antigen was defined as the highe~st 

dilution causing complete fixation of an equal volume of comple­

ment (2 units/zl) in the presence of the weakest positive refer­

ence serum diluted 1 :5. 

ComnDement fixation microtiter nrocedVre. A 2% ovine exy­

throcytic suspension and dilutions of antigen, co..plcment, and 

hemolysin each containing 2 units/ml were prepared to conduct the 

microtiter procedure. In addition, a 1 :2.5 dilution of each serum 

sample was prepared and inactivated in a water bath at 560 c for 

30 minutes. Tit.rations in the trays were prepared by first adding 

0.025 mi of buffer to each of 8 'vells of 1 row for each sample. 

A 0.025 ml loopful of the 1 :2.5 dilution of serum was added to 

the first wall and serially diluted through the eighth well. A 

0.025 ril drop of ;ntif;con and 0.025 ml drop of complomc~nt worn thon 

added to wells I through 8. The serums being tested ware then 

allowed to react with the antigen and co,..-.lement for 1 hour in a 

http:couplcir.nt
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water bath at 370C. Subsequently, 0.05 ral of the herolytic s­

tam consistin of an equal volume of diluted hemolysin and 2t 

ovine erjthrocytic suspension was added and the trays were iu­

bated for I more hour. Sarum controls on all serums testpd were 

prepared and read in tubes according to the schome previously 

described (4non., 1958). 

Positive and negative serum stendards Dnd antigen, comple­

ment, and hemolytic system controls also %rere prepared. The anti­

gen control consisted of 0.025 ml of complement, 0.025 ml of anti­

gen, 0.025'ral of bafer, and 0.05ml of heorlytic system. The 

comnlement control consisted of 0.025 ml of complement, 0.05 ml 

of buffer, and 0.05 ml of hemolytic system. The hemolytic system 

control consisted of 0.075 Ta, of buffer end 0.05 ml of hemolytic 

system. After final incubation, trays were stored 2 hours at 

40C to allowi unhemolyzed celis to form sediments in the bottom 

of the wells. Reactions were read by placing the transparent 

trays on a concave mirror stand. The titer of the serum was 

considered to be the highest dilution having coumlete fixation 
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RESULTS
 

Scspration of B. bif::.ina frc1 B. a cnttna, B. a ,
 

and A. ;.r'hin.e
 

The splenecto.aized calf placed on a tick-infested pasture at 

the Turipana ICA station was found to be heavily infested with 

B. tiicronlus ticks in the larval stage ithin 3 days, ticks in
 

the nymphal stage .ith:i 8 days, 
 and ticks in the adult stage
 

uithin 14 days. After 16 
 days, the body tc.yairature of the calf 

rose to 40.4 00 and B areanti... tras found in thin blood smears
 

stained ith Giems. .
a To days latar, 2. bien.ina -as found in 

blood s.ars. The rsaults of the rapid passages of B. big.ona 

A p:LL-uu.-rlzed calves to B.separate bir.e.ina from con­

taminoting organisms are su..--arized i Table I. 

,-n.
b ... was found in blood sroars from tho first 

calf after 36 hours. A B. zrcntL.n infoction, which developed 

in the first calf 4 day- after the inoculation ith blood, was
 

trejated ith 4,' -diaidno-dizoaminobenzene 
 diaceturatc, 3 r.-/kg 

for 5 days. Ann a..a r.a:7vi.nle .;as prescnt in smears from the 

first calf 4 days aftor i.oculntlon. 

Babesia bizemina was found in blood from thesmears second 

calf after 30 hours. A B argentna infection, which developed 

in the second calf 4 days after the inoculation with blood, was 

trnt.W wit" ,ls' -din-idno-diaoarinobnzonc diocoturate, 3 mg/kg. 

for the follo-.inoo 2 dsys. The second calf died from babesiosis 1 
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day after the last treatrm:,At. 

The third calf was fctu-nd to be positive for B. _bi-mi 1 24 

hours after inoculation i..h 12 ml of blood from the second calf. 

The third calf ms subsequently treated mith an intravenous in-

Jection of 20 ;.a of1' 1, tr.-pan blue, w.hich suppressed the B. bipe­

mina infection. Bb-sio ar."entina and B. major infections, Uhich 

developed in the third calf 15 days after inoculation with blood, 

were treated the follo-.ing dmy with 4,4' -diamidino-diazoaino­

benzene diacetuate, 3 mg/lrg. The third calf died from. babesiosis 

1 day after traAt.acnt. 

The fourth calf -was found to be positive for B. bizermina 

37 hours. after inoculation with 12 =. of blood fro-M the third 

calf. The procedure of treating the fourth calf with trypan blue 

was repeated. 

!.'Tc:ji. ,.:c:.i:i' w:as fou.nd in blood smx.onr, from the fifth 

calf aftar 57. hours and u.thin an hour, 12 ml of blood were taken 

for intravrous pas age, into an intact calf. A frozen stabilate 

of B. bige-mina was made from the fifth calf. 4 days after inocula­

tion when the parasitemia had reached 2.5%. The day folloi:Ang 

freezing, 50 ml of the frozen stabilate was inoculated -ntravenously 

into a second intact calf. 

The first intact cAlf was found to be positive for 1. bie­
mne ki 

mna 2 days after inoculation. Tho second intnct calf wa',s found 

to be positive for bie:in 5 days after inoculation. The 

intact calves did not require treatment writh trypan blue. Babesia 
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arrenti-na, B. 9a:ior, and A, I.Inrg.rale u:ere not found in any .enar 
. 4. 

fro:i eithor of the 2 intact calves nor in any szear f.om thoel 

fourth and fifth spolenectonized ctlves for 2 months after i' ocu­

lation. Babesit ar ,ont.a-., and B. n:s.or were therefore eli-,4ated 

as contam.natinga. oaso a._ after I4pau.sages. The second and 

third splonectorised calves died of babesiosis which rmade it 

irpossible to estimate at t.-ch point A. ar.inale failed to be 

passaged. Photographs of 13. bisetsna on thin and thick blood 

films are shob in Figures I And_2, raspectively. Babe si- bigo­

nia used for the preparation of antigens for the M microtiter 

procedure is shoen in Figure 3. 

E;.- ,ri,..tT 

The first exoeri ant vas undertaken to deter.ine the effect 

of gawaa radiation dosages of 22, 26, and 30 .Ued on the infec­

tivity and iinuzo genicity of B. bi-e-ina in calves. 

The rsasults surarized in Figures h to 8 and Table 2 show 

that calves infected with 1 x 109 B. bi.e.na, parasitized erythro­

cytes exposed to dosaGes up to and in-cludLng 30 !dRad developed 

progressive parasitemias which w.lre delayed in conparison to the 

calves inoculated rith nonirradiated B. bi----zina parasitized 

erythrocytes. The average prepatent periods were 7 , 9, and 10 

days for calves ir-focted with I x 109 B. bige.ina parasitized ery­

throcytos oxposed to 22, 26, and 30 kRad, respectively. The aver­

ago prepatent. periods for calvs infected with nonirradiated 
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B. bigi7e-.n,- paraaitized erjthrocytcr u-cre 2 days. The average 

maxiim.u parasit:jias vere 0.29, 0.13, 0.04, and 0.085 for calveb 

infected with 1 x 109 B3. b.iv .a parasitized crythrocytes ozcposed 

to 0, 22, 26, and 30 kc-1.ad, respectivcly. The average maximuallm 

rirning rectal te,.-eratures were 0.6; 39.5, 4l10, and 40.O0 C for 

calves infectad with 1 x 109 B. bigomina parasitized erythrocytes 

e -oosad to 0, 22, 26, and 30,k2ad, respectively. The average 

min-i'MuM packed cell volumes were 26, 28, 30, and 32' for calves 

infected vith 1 x 109 B. bignmira parasitized crythrocytes exposed 

to 0, 22, 26, and 30 kRad, respectively. The average ;=ximun 

CF titers were 1:320, 1:227, 1:113, and 1:113 during 28 days fol­

lowing Lnoculation nith I x 100 B. bigemina parasitized erythro­

cytes e:cposed to 0, 22, 26, and 30 kPad, respectively. The 

average daily gains were -423, 840, 572, and 786 g/day for 28 days 

follom _tg inoculation ,itlh 1 x 109 B. bena parasitized erythro­

cytes exposed to 0, 22, 26, and 30 icRad, respectively. The aver­

ago prepatent periods, parasitelias, maximmm temperatures, mini. 

nrna packed cell volutres, average daily gains, and im~u..-m-e responses 

were similar in calves infected "ih1 X 109 B. bigemina parasi­

tized erjthrocytSs eoxposed to 0, 22, 26, and 30 kRad folloring 

challenge urith 1 x 1010 nonir-adiated B. biae~ina. 

One calf inoculated with 1 x 109 B. bigemina parasitized 

erythrocyten exposed to 30 'Rad died 314 days after inoculation 

with chronic bacterial pneunionia. One calf, 7 weeks after being 

inoculated with blood containing 1 x 109 B. bi'emina parasitized 



eiythrocytcs xoPosed to 26 hl%-id, doveloped as .irc sycto..ic 

reaction folloAng inoculation of blood containing I x 100 non ­

irradiated B. bigc-i'n parasitized eythrocytes. Within 2 rinutes 

of co:pletion of the injectio i, the calf suffered ntsnse re".ira­

to:., distess, coliapsad on ito side aind showod nystagmaus. Cough­

ing produced a cream .colored -7rothy fluid h ich was mixed wit
 

blood. The calf b 'eathed rao:,e 
 easily after 5 ra'nutes and stood 

up aft-r 15 i..utes. Its postura vas characteristic of dyzpnoic 

ix.ith the ncll extended, head lo::'red, routh oprnd, and 

to s protrud. bd.:i "oiratory raove-.nes were 'ar.cd
 

and G!-unt,'ing' accoupanied e:qirations.
 

Exizerin3nts II and II 

The second experi:-ent was =ndertaken to detarmine the effect 

of ganraa radiation dosages of 36 and 2 k2ad on the infectivity
 

and in-minorenicity of B. 
 bi~aine in calves given 2 inoculations 

at 1L day intervals. Th results of experiment I sunmarized 

in Fiares 9-12 and Table 2 (p. 71) show that calves did not 
develop progressive pasavite.-as following the first inocultion 

ofIx 1 9 B .b1 - - '.;of 1 x 10 . b- -I..a parsitiad erythrocytes exposed to dos­

ages of 36 and 12 MRad. The sa*z calves, however, developed proz­

gressive parasiteniAps followirng the second inoculation of I x 109 

B. bi-c--in, parasitized erjthrocytes exposed to dosages of 36 and 

L2 kPad. The avera'a prepatent periods ware 8 and 9 dnys for 

calves infocth ith 1 x 109 B. bieninn parasitized erythrocytes
 



exposed to 36 -,n%.12 1rlad, respactively. The avarage prapatmgut 

periods for ca,.ves infected 41th nonirrditod D3. bi±eina 
parasitized crythrocytes .:ere 2 days. 

The third expari.!znt rs ur.aertaken to deteino the effoct 

of gamma radiation dosages of 36 and h2 Mdad on the infectivity 

and ir.rnoganicity of B. bis.na in calves given one inoculation. 

The results of experiment III summarized in Fiures 13 and 

14 and Table 2 (p. 71 ) show that calves infected wi th'1 x 109 B. 

bima parasitized erythrocytes exposed to dosages of 36 and 

42 kRad developed progrecsive parasit.-i'as .reich ware delayad in 

comparison to calves 4-noculated with nonirradiated B. bigemine. 

The prcpatent period was 7 days for all calves infected with 

I 1x B. biqezina to 36 and'u maaritized erythrocytes emposed 

42 kRad. The average prepatent pe:wiod for calves infected with 
nonirrdigted B. biei parasitied e:ryhrocytes uas 2 days. 

The average maximu:,m parasitewias were 0.29, 0.02, and 0.01% 

for c.lves in experirents I and III infected with I x 109 B. bi­

gerina paranitized eryth.rocytes exposed to 0, 36, and 42 kRad, 

respectively. The average maxin.im morning rectal temperatures 

were 40.6, 39.8, mnd 39.700 for calves in expe-riments 1 and III 

inoculated uith 1 x 10 B. b±iemi2na parasitized erythrocytes 

exposed to 0, 36, and 42 kRad, respectively. The average minimium 

pac!:.ed cell volumes were 26, 25, and 29% for calves in experiments 

II and III inoculated uith1 x 109 B. b!ga.ina parasitized erythro­

cytes exposed to 0, 36, and 42 kRad, respectively. The overage 

http:pac!:.ed
http:maxin.im


iYixur CF titca ware 1.320, 1:33, "-' 1:37 £olowing inocu ation­

with 1 x 10 D. bMvi,'.n p-rasitized a-tLh.ocy'tos :. od to 0, 

36, and 42 kfad, respectively. Tho average daily gains v-:re 

423, 7W2, and 576 /day for 28 dakys following inoct1aticn with
 

1 x 109 B. biwrq0na parasitized c-jthrocytes exposod to 0, 36,
 

and L2 klsd, raspactively. The average prapatent periods, 
 para­

sitemias, maximum tempbratuzes, 
 inizun packed call volumes,
 

average daily gains and ira;Ine responses Uere similar in calves
 

infected ,r'.Ih 1 x 109 B. 
 nparasitized ary'hrocytes expsed 

to 0, 36, and L2 kRad following challenge w.rith 1 x 1010 nonirra­

diated B, bigei.na.
 

TW. Ives in experi.ent 1I, 21 
 days after being inoculated 

the second time writh blood co1t.n.n 1 x 10 B. bir-,eina parasi­

tized erythrocytes exposed to 36 k?.sd developed severe systemic 

reactions. Within 2 zainut--.s of completion of the injections, the 

calves suffered tntense respiratory distress. One calf collapsed 
on its side and showed nystagn.us. Coughing produced a cream 

colored frothy fluid vehich was mixed with blood end respiration 

ceasad 10 minutes after injection. ?ost-mortem examination of 

the cplf revealed lesions which were confined largely to the 

respiratory system. There severewere intra-alveolar and inter­

stitial e.de-ma and emphysema with intra-alveol-r hemorrhage. The 

trachea and major bronchi contained a cream colored frothy fluid 

which was bloodstained. The second calf breathed more easily 

After 5 min:utes and stood up after 15 minutes. Its posture was 

http:nystagn.us
http:bigei.na
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characteristic of dyspneic anieals ith the neck extended, hoj 

lowered, mouth opened, and tongue protruded. Abdominal resoire­

tory movements were marked and grunting accompanied ex.pirntions. 

E:,peri rents IV and V 

The fourth experimsat was rundertaken to determina the effect
 

of gamnma radiation dosagesof 24, 36, 48, end 60 kl~d on 
the
 

infectivity and. i ino-enicity of 3. bige:ira in calves.
 

The results of exprienit 1V sou,;arized in Figures 15-23 

and Tables 2 (. 71 ) and 3 shoir that calves inoculated with B. bi­

gemina parasitized blood exposed to 24 klad developed progressive 

parasitemias ihichcwere delayed in comparison to calves ihoculnted 
.10
 

w!h i x i- nonirrac-a.ed B ,. Three out of 4 calves 

receiving parasitized blood irradiated at 36 kRad did not develop 

progressive parasitemias. Progressive infections were prevented
 

by exposure to irradiation at 48 and 60 kRad. The average pre­

patent periods u.ere 6.5 ad 13 dnys for calves infected rith 1 x 1010 

B. bieamina parasitized erythrocytes exposed to 24 and 36 kRad, 

respectively. The average prepatent period for calves infected 

with 1 x 1010 nonirradiated B. biemiina parasitized erythrocytes 

was 2 days. The average prepatant period for calves infected 

w-th 1 x 1 nonirradiated B. b ze , _na parasitized erythrocytes 

was 5.7*dys. Calves inoculated with 1 x 104 nonirrdiaed B. 

bipenina parasitized ezjthrocytes did not develop progressive 

parAsitnmias.
 

http:nonirrac-a.ed
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I 

The average maximum parasitemias were 3.2 and 0.03% for
 
calves infected with 1 X 1010 and 
 1 X 107 nonirradinted B. bige­

mina parasitized erythrocytes, respectively. 
The average maximum
 

parasitemias were 0.11 and 0.002% for calves infected with I X 1010
 

GIMina 
parasitized erythrocytes exposed to 24 and 36 KRad,
 

respectively.
 

The average maximum morning rectal temperatures were 41.5
 
and 40.5°%. for calves infected with 1 X 1010 and 
 1 X 107 non­

irradiated B. bigemina 
parasitized erythrocytes, respectively. The
 

average maximum morning rectal-temperatures were 40.3 and 40.1C
 

for calves infected with 
1 X 1010 B. bigemnina parasitized erythro­

cytes exposed to 24 and 36 KRad, respectively.
 

The average minimum packed cell volumes 
were 18 
 and 27% for. 

calves infected with 1 X 1010 and I X 107 nonirradiated B.bigemina
 

parasitizedc erythrocytes, respectively. 
The average minimum packed
 

cell volumes were 26 and 30% for calves infected with 1 X 1010
 
B. bigemina parasitized erythrocytes exposed to 24 
 and 36 KRad, 

respectively. 

The average Maximum CF titers were 1:320 and 1:201 for 

calves infected with 
1 X 1010 and 1 X 107 uonirradiated B. bigemina
 

parasitized erythrocytes, respectively. 
The average maximum CF
 
titers were 1:135 
 and 1:80 for calves infected with 1 X 1010 
B. bi­

gemina patasitized erythrocytes exposed to.24 
and 36 KRad, respec­

tively.
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The average daily gains were 423 and 798 g for 28 days fol­

lowing inoculation with 1.X 1010 and 1 X 107. nonirradiated B. bi­

gemina parasitized erythrocytes, respectively. The average daily
 

gains were 661 and 857 g for calves infected with 1 X 1010 B. bi-


Remina parasitized erythrocytes exposed to 24 and 36 KRad, respec­

tively.
 

The fifth experiment was undertaken to determine the effect
 

of gamma radiation of 60 KRad and freezing on the infectivity and
 

immunogenicity of B. bigemina in calves. The results of experi­

ment V summarized in Figure 24 and Table 3 (147) show that
 

calves inoculated with B. bigemina parasitized blood exposed to
 

60 KRad and frozen did not develop progressive parasitemias. 

The results of experiments IV and V show that all calves 

developed progressive parasitemias with Rimiler prepatent periods 
following challenge with 1 X 100 nonirradiated B. bigemina para­

sitized erythrocytes. The average maximum parasitemias were 0.0006,
 

0.004, 0.5, 0.8, and 0.6% following challenge for calves inoculated
 

4 weeks previously with I X 1010 nonirradiated.B. bigemina, 1 X 107
 

nonirradiated B. bigemina, 1X 104 nonirradiated B. bigemina, and
 

10 ml normal blood irradiated at 36 KRad, respectively. One calf
 

inoculated 4 weeks before challenge with 12 ml normal blood irra­

diated at 36 KRad died from acute babesiosis following challenge
 

with 1 X 1010 nonirradiated B. bigemina parasitized erythrocytes.
 

The average maximum parasitemias were 0.003, 0.02, 0.1, 0.03,
 

and 0.06..'following challenge for calves inoculated 4 weeks
 



previously with I x 10 1 0 B. b.e....ina irradiated at 24, 36, 48,
 

60, Pnd 60 k!.'ad (frozen), respectively.
 

The average rnaximu, . orning rectal ten.cratures were 40.2,
 

40.2, 41.3, 41.1, 
 and h1.1°C followin, challenge for c,'Ivcs ino­

culatod L Ieek's previously w.ith 1 xl11 nonirradiated B. biemina 

1 x 107 nonirradiated.B. b .iz a, I x 104 nonirradiated B. biac­
n.jn , 1 x 1010 heat inactivated B. bigeiina, and 10 ira normal 

blcod irradiated at 36 kRad, respectively. The average maximuP. 

mornimg rectal tallmeratures were 39.7, 40.0, 39.9,39.9, and 40.00C 

follo-irng challenge for calves inhoculated 4 weeks previously y)i~h 

1 x 1010 B. bi;re._. irradiated at 24, 36, 48, 60, and 60 kRad 

(frozen), respectively.
 

The average minimu;,i packed cell volumes were 29, 28, 11, 19,
 
ard 10% followTing challenge 
 for calves inoculated 4 wveeks previously
with I x 1010 nonirradiated B. bi ne., 1 x 107 nonirradiated 

B. bizemina,.1 x 10 4 nonirradiated B. bizemina, I x 1010 heat in­
activated B. bi--rexi.a and 10 ral normal blood irradiated at 36 
kRad, respectively. The average minitau1 packed cell volumes were 

27, 26, 214, 25, a;nd 23% following chailenge for calves nocujatad 

4 weeks previously with 10I1 x B. bire-ina irradiated at 24, 36, 

48, 60, and 60 kRad (frozen), respectively.
 

The average maximu : CF titers were 1:201, 1:127, 1:160, 1:610, 
and 1:227 follc.ing. challenze for calves inoculated 4 eekas pre­
viously wvrith 1 x 101 0 nonirradiated R. bemin, I x 107 nonirra­

dieted B. .,amina, . 1 :x 10 nonirr.diated B. biamtna, 1 x 10 
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heat inactivated B. bigemina and 
 10 ml normal blood irradiated at
 

36 KMad, respectively. The average maximum CF titers were 1:134,
 

1:201, 1:380, 1:269, and 
1:640 following challenge for calves
 

inoculated 4 weeks previously with 
1KX 1010 If.bitemina irradiated
 

at 
24, 36, 48, and 60 KRad (frozen), respectively.
 

The average daily gains were 887, 976, 813, 815, and 982 g
 

for 28 days following challenge for calves inoculated 4 weeks pre­

viously with 1 X 1010 nonirradiated B. bigemina, 
 1 X 107 nonirra­

diated B. bigemina, 1 X 104 nonirradiated B. bigemina, 1 X 1010
 

heat -inactivated B. bigemina, and 10 ml normal blood irradiated 

at 36 KRad, respectively. The average daily gains were 
 1093,
 

1060, 947, 938, and 822 g for 28 days following challenge for
 

calves inoculated 4 weeks previously with 1 X 1010 
B. bigemina
 

irradiated at 24, 36, 48, 60, and 60 KRad (frozen), respectively.
 

One calf in experiment V developed a severe systemic reac­

tion following inoculation with previously 
 frozen B. bigemina
 

patasitized blood exposed to 60 KRad. 
Within 2 minutes of com­

pletion of the injection, the calf suffered intense respiratory
 

distress, collapsed to 
 its side, and showed nystagmus. The calf
 

died 36 hours following injection. Post-mortem examination of
 

the calf revealed lesions which were confined largely to 
 the
 

respiratory system. 
The lungs had severe intra-alveolar and inter­

stitial edema and emphysema with intra-alveolar hemorrhage. 
The
 

.trachea and major bronchi contained a cream colored frothy fluids.
 

Submucosal petechia were present in the trachea. 
 Visceral and
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pietal ~subpleural petoch±- -6re nr"erous. The risal turbinate
 
r.mco, "as congested a^ ;exm the bronchial and mediastinal ly-ph
 

node s 

Six calves n experi.*ents IV.0nd V developed severe sys­
tem.ic reactions withti 2 rr.Iutes follolig chajlenge Wth blood 
contaLninq I x 1010 nonirradiatd 3. bLiza parasitized ery­
throcyte9. Three of these civ~ (ones inaoculated i wseks bhfore 
challange -with I x 1010 B. biremir irradiated at 22 I:Rad, one 
4nowulated 4 e. &a.forechall na ith 1 x 10 0B. bins 
irradiAted at 60 !e-ad, and one izoculted with 10 r.1 nonmal blood 
irradiated at 36 Ilnad) Suffered in'ense raspiratozj distress. 
These cal's breathde More easily after 15 minutes. Their pos­
tures yo-re characteristic of 
 'spneic aniraals with the neck 
extendad, head louered, mouth opened,, and tongue prot.mded. Ab­
dominal respirato:j mvem.ents ,ere and Prcedgrunting acco:ipanied 
expirations. The other 3 calves (one inoculated L Ueeks before 
cha!!en~e vrith I 1 01 x . bi.er- a disted at 36 Wrad, one 
inoculated I. weeks before ch*lwenge ith 1 x 10 nohirradlated 
R. b!ea,-in_and one inoculated 4 w:eeks b-fore challenge with 
1 x 10-10 B. bii proviously irradiated at 60 k?.ad and frozen) 
suffered -Itense respiratoory distress, collapsed, and showed 
nyst.amus.. Coufhing produced crea-m colored fgrothy fluids Mixed 
with blood. These calves died t.h. 24 ho,,.t~n
4 hurs follo'ri:,gQ injection." 
Post-mortam exan-.iation revealed lecions th;ich -ware confined 
largely to tie' raspiratory syctcm, uhich included severe 
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intra-alveolar and interstitial edema and emphysema with intra­

alveolar hemorrhage of the lung. The trachea and major bronchi
 

contained a hemorrhagic cream colored frothy fluid.
 



Tablo2. 	 ChasclitstI€t of Iobeslo bg.tr,.oilnrccf,"Is Pfc.dce with Inrected Blo d SIlacted to Ditcrnt Rodialom DOs.. 

5uoawory of Expermnts1, II, III o4 IV. 

r 0Wemint, 

Eat. Iodraltor N. of Nc. Coalv,snL Prtpotirrt Ma,.aum % Ma|is, McarM;b.a Ar- OfotfI
No. D-A of PonIliod p T.mos.aotod Pocke Celt Coftt.as, Do|y Gain 

Inmcvf,. Tr vytcytr = ITOo =e 
b 

In Days Erylthocyio In PC vol., in % Fmeorlon In gf€a
In Kilhro& Inoclatod l :btaeed 

Reaction After Inocuaon of Irrod;ied 5. b. Po mlzd Eryttvueyt.,

Tiler 

W . 0 (control,) 1 a 1010 3/3 2 .0 (2-2)c 3.2 (0.4-8.0) 41.5 (41.3-41.6) 13(13-28) 1:320 (1:160-1:640) 423 (71-821) 0 

11 0 (c¢mtll) 1 .109 2/2 2.0(2-2) 0.29 (0.15-0.'.2) 40.6 (40.1-41.0) 26(23-29) 1:320 (1.320-1:320) 423 (256-59) 0 

IV 0 (controls) 1 a 10, 3/3 5.7(5-6) 0.03 (0.009-0.06) 40.5 (.3-40.7) 27(24-32) 1-.201 (1:160-1:2M. 778 (643-911) 0 

IV 0 (contl,- 1104 03 NONE 14ONE 39.7 (39.2-40.0) 27 (24-28) Neg. (N. 2 .-. Ne.) 863 (643-1036) 0 
9

1 22 1 x 10 2 7.5(743) 0.13 (0.09-0.18) 39.5 (39.S-39.5) 28 (26-2V) 1.227 (1:160-1-M2) 84 (8,0-a0) 0 

IV 	 24 1a 1010 4/4 6.5 (6-6) 0.11 (0.008.0.40) 40.3 (39.5.40.7) 26(22-30) 1x135 (1.01:220) 661 (SW0-..76) 0 

26 1 x 109 2/7 9.0 (8-10) 0.04 (0.00S-0.08) 41.0 (40.9-41.1 30 (2-32) 1g113 (I:O-l:160) 572 (536.6a,) 0 
9I 	 30 t . l 2/ 10.0 (10-10) 0.08 (0.-0-0.15) 40.0 (39.3-40.7) 32 (30-33) 10!13 (1:80-1:160) 7B6 (76-7U6) 0 

I1'tll 	 36 1 109 41/4 7.5(6-10) - 0.02 (0.0I.-.C4) 39.8 (39.6-40.1) 25(2129) (Ng.-:320) 0M:33 742 (47645,1 

IV 	 . 36 I a 1010. 1/4 13.0 (13-13) 0.002 (0.002-0.002) 40.1 (39.7-40.3) 30 (26-33) 1:13 (Ne,.-80) 790 (36-100l ) 0 

9U4.it 42 1.a10 V4 8.0(7-10) 0.01 (0.003-0.07) 39.7(39.5-40.2) 29(25-31) 1:37(Neg.-1:320} 576 (238-93) 0 

Ar . 48 1 x 1010 0/4 NO,, NONE 40.1 (39.6-41.0) 31 (9-34) 1.2 (Nog.*I-.. 87 (661 9 ) 0 

IV 60 1 x 1010 0/4 NONE NON 4D0.6(40.0.40.9) 3D (25-31) 113 (Neg.-120) 857 (76-1018) 0 

GCaruculstles of ractlions basd an dateo collected rot,28 days past Irocutailan.
 

Di,,ec by etther thick 1elood film of ,,binocvloloans.
 

Range of wom,. 

http:0.003-0.07
http:0.0I.-.C4
http:0.-0-0.15
http:0.00S-0.08
http:0.008.0.40
http:0.09-0.18
http:0.009-0.06
http:Coftt.as


Table 3. Inm . fton at Coln fr loed Oc wilh Ir adiated obl. b7,? cr Cllag 4Ws Late, with Nm eal *It 

Sumnory of E pemens F"a V. 

Raction Afot Cha.t-ng. with 1 x 1010 U-ntrwdiard Z. bgue.m.a Pascllized rrshcysm0 

1Ep. 
No. 

letemont 
of 

lnac msut 

• SI, 
o1 

iua,., 

No. Calves ilh 
Pamstebta 

"n 

Challenged 

Prpatcnt 
Peri.od 

1 Dey 

Mc r.jn % 
parmilized 

byt~ocyils 

Maxidaum 
T.oteratum 

In C 

Mn;man 
Pacded Call 

Volumm in % 
" 

Mcsamm 
C feeonp 

ixation 

A-*-g o 
Daily Go;, 

6 i/day 

IV 0 !xtotw101t 3/3 1.0 (-7)b 0.06 (0.001-0. 00) .40.2 (39.-40.5) 29 23-31) 1:201 (1:80-:320) 

IV 

IV 

0 Rld 

(Canam!) 
0UMd 

(Coin00) 

x 10' 

2. b;iget 

x 104 

S. 

3/3 

3/3 

1.7 (14 

1.0(151) 

" 

0.004 (0.002-0.CG) 

0.5(0.5-0.5) 

40.2 (40.1-40.3) 

41.3 (40.9-41.7) 

28 (2a-30) 

1. (10-12) 

1:127 (i:0-1,160) 
:7 10160 

11160(1060-1.160) 

976 (893-10"6) 
7 8313) 

813(*
13696-929) 

0­
0 

! 
IV PAe inoci. 

(Cn3.l) 

1 1010 

I. bVnemina 

3/3 1.0(1-1) 0.8 (.4-1.0) 41.1 (39.8-41.) 19(16-22) ':&o 1AQ-1-40 815 (482-1107) 0 
IV 35114 , .lN0 ,.ol 3/3 1.0(1-) 0.6 (0.1-1.0) 41.4 (41.0-4i.2) 10 (3-4) 227(1:'6.:320 • 92('3-17) 18 

IV 
(C"Rol) 
24 sdR 

Blood 
I 1010 4/4 1.0(1-) 0.003(0.002-0.0C) 9.7(39.6-.40.0) 27(2520) 

12(:6-:M 

lsl3A(1:01:160) 

q2( -1 

1093 (100O-1264) 

r 

0 
IV 36 h l x 1010 4/4 2.0 (1-4) 0.02 (0.00-0.04) 40.0 (39.4-40.5) 26 (26-22) 1-201 (1:160-13 0 1060(8391214) 

IV 

IV 

48UL, 

60 ud 

1010 41 

U .bq-1014Mm47(7_sa36 
I .1010 . 4/4 

10.1 

1.5 (1-2) 0.03 (0.01.0.06) 

39.9 (39.6-0.4) 

39.9 (39.7.40.1) 

24(21-27) 

25(23-22 

1,0(1"320.-640) 

1)269 (1:!60-1:640) 

947(875-1036) 

938 (750-1143) 

0 

0 

V 8 sed 

(Fm,..) 

3.bigem 
131010 

.ie... a 
2/ 1.0(1-1 0.06( 0.05-0.07) 40.0 (40.0-40.0) 23(21-) 

1U 

I-64 

1%6na 

(1-01- ) 

9 7a-13 

822 (768-475) 1* 

0 Ch'Omacp.trcl of moctions bad on lata collechd fa 28 days p-d challnge. 

RS ofofloeag. 

Daadmd to macute |oyplmlw followng challenge. 

Deauh dueoto acte bab"Ims flilawt,,q ch~allenge. 



Table 1. The Separation of B. bigemina frcm B. arl.entina, B. major, and A. mar inale 

by Rapid Passage through 5 Splenectomized Cdvcs. 

Passage Inoculum Incubation Parasite Tir of 
Level SubinocuJ-ation 

1 	 180 ml I. V. from 36 hours B. iGemna 37 hours 
naturally infected 
calf 

2 12 ,al I.V. from 30 hours B. bigemina 31 hours 
No. 1 

3 	 12 ml I.V. from 24 hours B. bigemina 24 hours 
No. 2. 

4 	 12 ml I.V. from 37 hours B. bigem-na 37 hours 
No. 3 

5 	 12 ml I.V. from 57 hours B. bigemina
 
No. i.
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SUMMARY
 

-Experiments were carried out to separate B. bigomina from . 

argentina , B. major and A. marginale. The method of separation 

was rapid passage through 5 splenectomized calves. Five blood 

passages were carried out in 6-1/2 days. Babesia argentina, B. 

major, and A. marginale were eliminated as contaminants after 

4 passages. A frozen stabilate of the isolated B. bigemina was 

established. 

A Method for the preparation and examination of combination
 

thin and thick blood films for the detection of Babesia parasi­

temia was developed. The technique for the staining of the com­

bination thin and thick films involved the use of a phosphate
 

buffered Giemsa stain solution containing alkyl phenoxy polyethoxy
 

ethanol. Babesial CF antigens were also prepared and titrated
 

for use in a CF microtiter procedure.
 

Babesia bigemina parasitized blood exposed to varied doses 

of gamma radiation up to 60 KRad was inoculated into calves. Calves 

infected with 1 X 10 B. bigemina parasitized erythrocytes ex­

posed to doses up to and including 30 KRad developed progressive 

parasitemias. Some calves receiving 1 X 1010 parasitized erythro­

cytes irradiated at levels of 36 and 42 KRad did not develop pro­

gressive infections. Progressive infections were prevented by ex-

I 

posure to irradiation at 48 KRad or higher. Subinoculation into
 

susceptible splenectomized calves from parasites thus treated failed
 

to produce active infections.
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In addition to a lower infection rate brought about t
y irra­

diated parasites, calves that did become infected had prolonged
 

prepatent periods and lower maximum parasitink. Control calves,
 

however, that had been inoculated with 1X 107 
 nonirradiacd para­

sitized erythrocytes also had prolonged prepatent periods 9nd
 

lower maximum parasitemias. Therefore, the polonged prepatent
 

periods and lower maximum parasitemias in calves that had received
 

1 X 10 irradiated B. bigemina 
 could have been due in part to
 
a reduction in the number of viable parasites injected. 
The find­

ing that calves inoculated with I X 107 nonirradiated parasitized
 

erythrocytes hnd prolonged prepatent periods and lower maximum
 

parasitemias indicate that such a standardized inoculum might be
 

of use as 
a vaccine to produce an attenuated infection.
 

A degree of acquired resistance to infection with B. bfgremine
 

developed in calves after I inoculation with B. bigemina parasi­

tized blood irradiated at 48 and.60 KRad. 
The resistance was
 

sufficient to suppress multiplication of the Babesia and to permit
 
calves to survive otherwise severe clinical i fections with
 

nonirradiated parasites. 
There was also less erythrocytic destruc­

tion and a smaller increase invectal temperatures following
 

challenge. 
Presumably the irradiated parasites were responsible
 

for the development of resistance since irradiated nonparasitized
 

blood did not produce a discernable acquired resistance. 
The
 

observation that inoculation of calves with irradiated B. bigemina
 

stimulated a degree of protective immuntiy, suggestd that the
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presence of replicating Babesia in the host is not necesqiry for
 

the developemnt of acquired resistance.
 

A.dimilar degree of acquired resistance to infectioniwith
 

B. bigemina developed in calves inoculated with I X 1010.; B. bige­

mina irradiated at 48 ,,and 60 KRad and in calves inoculated with
 

101 X 10 nonirradiated B. bigemina. It seems likely that the pro­

tective immunity produced with irradiated B. bigemina may be simi­

lar to that produced with lx.ing pathogenic B. bigemina in non­

fatal infections. The acquired resistance to infection with B. 

bigemina developed in calves inoculated with 1 X 10-
io 

B. bigemina 

irradiated at 48 and 60 KRad was much greater than the acquired 

resistance to infection developed in calves inoculated with 1 X 1010 

heat killed B. bigemina. Thus, it seems likely that immunization
 

with irradiated nonreplicating Babesia may provide the special
 

immunological properties of living parasites important for pro­

ducing a strong immunity while sippressing the.pathogenic effects
 

of the parasite.
 

The success obtained in immunizing calves with B. bigemina
 

which had been irradiated, frozen, and stordd in a dry ice cabinet
 

may be of practical significance in future studies. *The Babesia
 

parasites could be irradiated and frozen, ithout loss of immuni­

zing properties, for use in distant parts of the world.
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DEVE1LOPMENT OF A RAPID CARD AGGLUTINATION TEST FOR DIAGNOSIO OF BOVIhE 

BABES IOS IS. 

INTRODUCTION
 

Babesia bigemina and Babesia argentina antigens were isolated from in­

fected erythrocytes and are routinely used in complement fixation (CF) test
 

in our laboratory. 
The CF test is tedious to perform and considerable tech­

nical knowledge, laboratory equipment and skill are required. Therefore,
 

there is
an evident need for a rapid field test for babesiosis which can be
 

adapted for field conditions for detection of specific Babesia antibodies
 

in 6attle. A method of preparing an agglutinating antigen for use in a
 

minute card test that may serve as a field screening test for bahesiosis is
 

described in this report;
 

MATERIALS AND METHODS.
 

Babesia big,,mina (Monteria isolate) was used for infecting calves and 

for producing B. bigemina antigens. Babesia - antigen was prepared from blood 

in which at least 20% of erythrocyteswere parasitized. High parasitemias 

were developed by serial passage of the parasites through 2 to 3 splenecto­

mized calves. Inorder to enhence development of parasitemias Vetalog (Cor­

ticosteroid hormon) 30 mg per day was injected 11, 
 'three days prior infection. 

During the course of each clinical attack following blood passage, thin and 

thick blood films of peripheral blood were taken every 2 to 3 hours to 

determine the portion of parasitized erythrocytes. When the parasitemia 

remilned consl:nnt, an indicated by littlo or no change of the aiccessivo exa­

minations, the organisms were passaged to the After the secondnext animal. 



or Lhird passrgc with Dab:i:t bigcntna up to 25% of erythrocytes were 

parnsitized.
 

Blood for the preparation of antigen was drown into flasks containing 

ethylene diamine tetraacetic acid (EDTA), 1.2 g/liter from calves with 25% 

parasitemia. Plasma was removed by centrifugation (Sorval1 centrifuge) 

2,500 rpm for 30 minutes. The infected erythrocytes were washed twice 

in 0.85% NaCI. The last wash was in antibiotic - saline solution containing 

100 units of Penicillin and 100 mg of Streptomycin (Gibco, Biologicl Co., 

Grad., Island, N.Y. 14.072). Then, ten volumes of sterile 0.357. NaCl was 

used to lyse the infected erythrocytes for 1 hour at 4C. The ly~ote was 

centrifuged at 2,500 rpm for 30 minutes, and resuspended in antibiotic-saline
 

dolution. Thirty-five ml of Babesia - suspensions were passed through the 

French Pressure Cell (American Instrument Co., Silver Spring), at 1,200 

P.S.I. Then, the material was centrifuged at 10,000 g at 3C for 30 minutes.
 

The supernatant fluid was discarded and the concentrated parasites were
 

resuspended in equal amounts of sterile antibiotic-saline solution. The
 

suspension was homogenized in tissue grinders (Ten-Brock). One percent of
 

Fast Green Dye (National Aniline Division, Co.) was added at the rate of 1 

tnl/25 ml of parasite 'suspension, mixed by shaking, and the mixture passed 

thibough the French Pressure Cell at 1,200 P.S.I. Excess dye was removed 
I 

from t he antigen by decanting the supernatant fluid after centrifugation at 

10,00OXg for 30 minutes. The antigen pelet was resuspended in equal amount
 

of antibiotic saline solution and homogenized in Ten-Brock grinder and
 

bonified in Cell Disruptor, (Heat, Systems-Ultrasonics, N.Y.) for 3 minutes
 

at 60 cycle power source, and tested for antigenic activity in a plate test.
 

Serial dilutions of antigen was madeand a approx. 0.025 ml of antigen was
 

mixed with tho equal amount of serially diluted sera.
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Reference samples of serum for evaluating labcnia - ,ntigen reacti­

vity and stability were obtained from 3 calves in the carrier ,-hasa of 

Babesia infection and from two normal calves originatcd fro% area free
 

of babesiosis. After mixing the antigen and serum, the tray was kept at
 

room temperature 22-24*C. for reading immediately and from one to 60 minu­

tes thereafter. The test was performed in a manner sitailar to technique 

used in the plate test for brucellosis. The use of dispossable plastic
 

trays to perform the test was found satisfactory.
 

RESULTS
 

Lysis of Babesia bignemina infected erythrocytes with sterile 0.35%
 

NaCl yielded an antigen compose&of concentrated Babesia bigemina parasites.
 

After passage through the French Pressure Cell the Babesia - parasites
 

were ruptured and the unstained Babesia - antigen was grayish.white and
 

free of visible hemoglobin. Fine small particles of Babesia parasites were
 

stained with Fast Green dye and this mixture was stable and uniform.
 

Preliminary studies with this antigen revealed that degree of specific
 

agglutination reaction occurred with the serum from Babesia infected ani­

mals. This reaction -as visible in period of 1 to 3 minutes, characterized
 

with agglutination clamps which persisted during 24 hours. However, non 

specific agglutination occurred in a low serum dilutions. Results were
 

encouraging and methods of eliminating of inherited problems of specificity
 

of the reaction are being studied. In adjusting the agglutination reaction
 

to detect a low antibody levels care had to be taken that antigen is not
 

overly sensitive causing it to react with serum samples from unlnfccted cattle.
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FINAL REPORT
 

Prepared by: Dr. Radmilo Todorovic, Associated Professor, Institute
 

of Tropical Veterinary Medicine, Texas A & 1 University,
 

College Station, Texas 77843, and Member of Texas A & M Mission in
 

Colombia, working on research and control of hemotropic infection
 

in cooperation with the Centro Internacional de Agricultura Tropical
 

(CIAT) and the Instituto Colombiano Agropecuario (ICA).
 

.ject : V-s n--. troplal Zones ill ".,(IntAtuto Vctcrinario 

Investigaciones Tropicales y de Altura), June 25 - August 3i
 

1971. 

Purpose : Helping to organize the necessary research for control -of
 

hemotropic diseases in Per6
 

Sponsor: 	 Agency for International Development - United States AID
 

Mission to Perd.
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FINAL REPORT OF THE VISIT OF DR. R. TODOROVIC Il PERU, 

JUNE 25 TO AUGUST 3, 1971 

SUWMARY 

This report is a summary of all the activities of Dr. R. Todorovic in
 

Pero from June 25 to August 3, 1971. The object of this visit was to
 

help in organizing necessary investigations for the control of diseases
 
produced by hemoparasites in bovine blood. During the visit it was
 
observed that a great potential existed for beef and dairy cattle in
 

.tropical (Selva-Pucallpa) and sub-tropical (Ox.apampa) zones of Pero,
 

however, one limiting factor consists of the existence of hemotropic
 

diseases (anaplasmosis and babesiosis) and their vectors. The follow.
 
ing report describes the problem of hemoparasites infections in Pero.
 

studies program, observations, conclusions, and recommendations for
 

future work in this area.
 

INTRODUCTION
 

Dr. R. Todorovic arrived at Lima, Per', on June 25th, by invitation of
 

the United States AID Mission in Pero, for projecting an evaluation pro
 
gram for control of the hemotropic diseases in cattle. This invitation
 

was solicited by.the Director of the Institute of Tropical Veterinary
 
Medicine of the National University of San Marcos, Dr. M. Moro. Dr,
 

Todorovic was invited to assist in evaluating the hemotropic dfseases
 

problem in Pero and to give necessary recommendations for future
 
investigations. le worked in cooperation with the National University
 
professors Drs. Castillo, Cuerrero, Caletti, Alvarado and Carpio, and
 

also with the officers of the Ministry of Agriculture and Public Health.
 
After evaluating hemotropic diseases problem in Perfi this group discussed
 
the means to develop an effective program for the control of bovine 

babesiosis and anaplasmosis. This was the second visit to Pero, the 
first being in May, 1970, for the Third National Congress of Veterinary 
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Medicine and Animal Sciences where the author of this wport presented
 

a work about research and control of hemotropic infect ns in Colombia,
 

South America. During this first visit he had the opp rtunity to
 

discuss problems relating to hemotropic infections wit Peruvian in­

vestigators and he also taught a course: "Bovine Babesiosis" for the
 

veterinarians of this country. All of this gave him intimate know­

ledge of the problems of hemotropic diseases of cattle in Perd.
 

STUDIES PROGWAI1 

June 26. Dr. Todorovic arrived to Lima.
 

June 28. In the morning, discussion in the US-AID offices in Lima with
 

Mr. Curry Brookshier and Mr. R. G. Cason, F & A officers and others,
 

about the program and objects of the visit. In the afternoon, a
 

visit to the Institute of Tropical Veterinary Medicine to meet the
 

Director, Dr. Manuel Moro and the Dr. Patrick Guilbride representative 

of FAO and the professors Drs. Castillo, E. Caletti and C. Guerrero.
 

A program for the visit was then arranged. Tne plan included a
 

visit to the North Coast, the jungle highlands (Oxapampa) and low­

lands (Selva-Pucallpa) and conferences with students, professors
 

and professionals, about hemoparasitic diseases.
 

June 29 and 30. A visit to the National Universdty - San Marcos, the Col­

lege of Veterinary Medicine to meet the Director and Dean, Dr. Gustavo
 

Ayll6n and the professors of the different departments of Parasitology
 

(Dr. Guerrcro), Microbiology (Dr. Calleti) and Clinical Pathology
 

(Dr. Castillo).
 

July 1. At the National University - San Marcos, College of Veterinary 

Medicine an invitation to teach a class in Parasitology on the subject 

Bovine babesiosis with sperial emphasis on etiology, life cycle of 

hemoparasites, pathogenesis of the disease, symptoms, lesions in 

bovines, diagnostis and inmunology of Babcsia biremina and Babesia 

arptentina and life cycle of the tick vectors; epidemiology, curative 

and prophylactic tuntment and disease Control. This course was
 

organized for the third year students of College of Veterinary 

Medicine. The class consisted of thirty students with members of 

the Department of Veterinary Parasitology. 



Jqsy2,.-Invitation: by the Uivessity F.-culty of Ve crinn:y ih'licine 

tQ present-.a conference entitled "Diagnosis of Bovinc..Baee!;iosis -

Sprological Tests",. which wfs attended by more thian 80 persons 

ipp.cl4ing professors,. studentsand veterinarians. 

Js.y3.$:-. 5:.. Par'ticpa.tlon i.discussions on the problems and programs 

otf hcijoparasites with the Ngational University -. San:Marcos profes­

sp.risi: especially with Dr. Castillo and his assistants, and Drs. 

CA).Ips Guerrerp and.Eddo.Caletti also. Afterward a visit to the 

1,jotykisptry of.Agrl.culture,, Dr...Teodorico Terry and. th.. inistry of 

•P.l).i .Iealtl,. Dr. Cesar;Lor.,was made, in order 'to discuss the 

prpblem offh.emoparasites in the Peruvian Jungle (Selva-Pucallpa). 

Iffp:ration.was. r.ecpived of the results of prior investi.gations in 

Pj.iwi.tb. h.emoparasites,. and also of: the plans for the livestock 

.ii49s.try,deyelopment in'.the future in Peria.
 

Jpy; 6 7;, 8.. Tr:ip to the North Coast.of Per , Piura, in order to 

oyprve, and evaluate the.problem of the hemoparasites in that region; 

a,,ccppanied.by D.. Augusto Castillo and Dr. Carlos-Guerrero. During 

th!. peripd they met Dr,. P. Regalado, of the Substation of Tropical 

Vp.tepipary.-edi.c.ne iRnPiura; Dr.N.. Vasallo, from the Cattlemen's 
A-ss~ciation in Piura, and Dr. Adan Vasquez, from3t" Ministry of 

A~r-~lcuture,. A.visit,.was made to the farms which had problems with 

hqeopa.raps.ites. (and wa 3 sending animals to the Pucalpa-Jungle) 
.. mpanied- Drp.. Castillo and Guerrero to the Sol-Sol Farm, Ganadera 

PJ .aexsk , 70: -ns_. p PEiura, that- have imported cattle Santa 

C;Xt.r.u.di. br.eed! from the, USA, Texas, and Criollos breed" hle next 

i-was tp the, fai.n "Laj Copa",. at which. the major breed of cattle
 

ry SAnpa. Ge.rr.dis. imported. fromn Texas. This farm is very close to
 

t~h , fantie- of-Ecuador. and approximately 123 kms. from Piura. Around
 

P..L.aK. they visited two, dairies wi.th Brown. Swiss and- Hiolstein breeds,
 

. s f. na:ly. they visited: the fa Pabur Oria, in P otrerillo which has
 

ippqr~ted c.attlc,, from Brazil, and- Criollo. cattle., and the Mr. Romero
 

9Jpk'ar.es Farm with Brown Swiss dairy cattle.. T . farm has been 

".fqc ted by the Agrarian Reform, and made a Cooperative. 

lIj, "qt.al. apr o imatgqly Z.500 to 3..000 animals of Santa Certrudis, 

rqwn . S.wis.,, liolst.c.n,, Zeb.u and. Charolais breeds were observed, the 

http:9Jpk'ar.es
http:C;Xt.r.u.di
http:edi.c.ne
http:a,,ccppanied.by
http:Coast.of
http:Pj.iwi.tb


major;.ty of thcm imported fron the UnhiLed Statesf 1razil, Ecuad or 
or Coloimbia. A reprnsentative sample co. .itingof blood arid tick­
was taken from 100 of the cattle. The blood was taikcn without 
coagulant for serological tests, and with anticaa-ulant for blood 
smears, hemoglobin determination and hematocrits. The samnples were 
taken to determine the presence and prevalence and effects of 
anaplasmosis, babesiosis and trypanosomiasis. 
The ticks collected 
will be idcntified later. _
 

The natural pastures were observed, with samples taken from dif­
ferent fields. By invitation of the Technical University of Piura, 
a conference was given on the topic "Aspects in the Control of 
liemoparasites and their Vectors in the Field". 
The conference was
 
attended by the veterinarians of Piura and Tut-bes, the cattlemen of 
that region, professors and students. After finishing there awas 
-round table discussion, with the participation of Dr. Augusto 
Castillo and Dr. Carlos Guerrero, approximately 100 persons attended.
 

July 9, .0. Trip to Chiclayo, Lambayeque by invi-tation of Dr. Enrique

AjL.&Iza, Dean tneoi National University "Pedro Ruiz Gallo". In 
Lambayeque, Drs. Todorovic, Castillo and Guerrero visited the 
dairies of the Ninistry of Agriculture and University. The animals 
were of the Holstein breed, imported from the United States and
 
Holland. 
A talk concerning cattle losses was given by Dr. Enrique
 
Arbaiza of the National University and of the Veterinary College of
 
Lambayeque. 
Dr. Todorovic presented a paper on the topic "Her:opara­
-sites in Bovines, their Investigation and Control". A round table 
discussion was carried out with Dr. Castillo and Dr. Guerrero; there 
were 50 persons attending, including professionals, professors and
 
students.
 

July 12 to 17; 
Trip to the Principle Tropical Station of the Institute
 
of Tropical Veterinary Medicine in the Pucallpa Jungle and cattle
 
ranches of San Jorge and Turnavista' of the Ministry of Agriculture. 
Accompanying Dr. Todorovic, Dr. Augusto Castillo, Dr. Carlos Guerrero, 
Dr. Cesar Lora and Dr. Eddo Calettl, -Dr. Manuel Moro, the director 
of the Institute of Tropical Veterinary Medicine and MiguelDr. Alberco 
Cfrdenas, economic Director of the University.
 

http:major;.ty
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They ware also accompanied by Dr. Cesar Lora of t4e Ministry of
 

PublJc Health. They were received by Dr. Jorge A varado, chief of 

the Parasitology Laboratory of the Principal Tropcal Station in
 

Pucallpa. The object of this visit was to investigate what type
 

of hemoparasites existed in the cattle of this re ion. For this
 

reason 3 native animals were splenectomized. Bloo~I samples were
 

collected every day for a period of 3 to 4 weeks (4ftrward samples 

from approximately 10. of the cattle population were collected).
 

The blood was collected without coagulant for serological tests,
 

and with anticoagulant for tick and thin blood smears, to determine
 

the presence of babcsiosis and anaplasmosis and fresh blood smears
 

for the presence of Trypanosoma. Inoculation of laboratory animals
 

was also carried out. The blood samples were evaluated by hematocrit
 

and hemoglobin determinations. Ticks and natural pasture were also
 

collected for identification purposes.
 

The splenectomized animals demonstrated the presence of Babesia spp
 

3 days after surgery cnd Anaplasma marginale a week after surgery.
 

4A&.A ULO%.#U.A A. J1 LAVU -- .&Aa &. a s 

subinoculated into two intact animals to study the pathogenicity of
 

the hemoparasites.
 

A visit was made to the Ranch San Jorge, which has a population of
 
1
 

3;000 animals including the Santa Gertrudis mentioned above from
 

Piura and Charolais, Zebu and Criollos. Here ticks were collected
 

along with the samples mentioned above. The ticks were identified
 

as Boophilus microplus. The ranch Turnavista was also visited,
 

located in the jungle 60 Lans. from Pucallpa. The visit was made by
 

light aircraft. This ranch haz bben bought by the Ministry of
 

Agriculture, and has a population of approximately 2,000 animals,
 

the majority being Zebu and Zebu crosses. The samples were collected 

in the same manner as described above. It is very interesting to 

emphasize that the ticks collected from the animals were identified 

as Boophilus microplus and for the first time tziblyonma spp. 

Around Pucallpa, the Amazon llospital Station with imported Brown Swiss 

ana the Acosta Farm with 1lolsteins imported from Lima were visited. 
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In boath, the collection of samples was the same aq'prviously 

described. In the Acosta Ranch a high rate or infistation of 

Boophilus micronlus and an infection of Anaplasma f4iinale were 

found; the animals were in very poor physical cond .tions. Finally, 

the group went to the Institute of Tropical Veterinary Medicine 

farm that has the dairy breeds Brown Swiss, Ojero Holanda's (imported 

from Holland), Red Danish and cross breeds for breeding with beef 

cattle. Here samples were collected in the same manner as above. 

The plan of work in the Principle Tropical Station Selva-Pucallpa
 

consisted of collecting samples, visiting the ranches and farms
 

in the morning and working in the laboratory in the afternoon. The 

last day of the visit to the Station a conference was given entitlee 
"Some Aspects in the Control of Babesiosis in the Field", at which 

Veterinarians of the region and the personnel of the Institute of 

Tropical Veterinary Medicine assisted, for an audience of approxi­

mately 50 persons. After ending the conference there was a round
 

table discussion with Drs. Todorovic, Castillo, Guerrero, Jorge
 

Alvarado and Caletti.
 

July 19 to 24. A visit to the laboratories of the Academic Program of
 

the College of Veterinary Medicine, with emphasis in the laboratories 

of parasitology and clinical pathology. In these laboratories some
 

laboratory animals were inoculated with blood of animals from the
 

tropics (Pucallpa), in order to determine the presence of
 

Trypanosoma infections.
 

July 22. A seminar was given to the Peruvian Society of Par.sitology 

concerning "immunological Aspects of the Hemoparasites of Cattle". 

Around 25 professional parasitologists from different institutions 

attended (Ministry of Health, Universities, and Private Practitioners) 

After the presentation of the subject there was a discussion. All 

the participants agreed that the soluticn to the problem of hemo­

parasites in Pcru'was a system of premunition, because one cannot 

eradicate the vectors. 

July 23. In the morning there was a meeting with the mcmbers of the 

Ministry' of Agriculture, Drs. Emilio Matto, Director of Peruvian 

Agriculture Promotion; Tcodorico Terry, Subdirector of Pecuaria 

Promotion,; Carlos NarvAez, Director of Quarantine; Engineer Jorge 
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L6pez, expert in Pastures; and other members of 4e Ministry. 

Dr. Augusto Castillo, professor of the National Uqiversity of
 

San Marcos and member of Instituto Veterinario de,.nvestigacio. 

nes Tropicales y de Altura (IVITA) assisted. The TbJect of the 

meeting was to discuss the problems of control ofVhemoparasites 
in Imported aninals (the requirements to clean thl animals in 

quarantine), and organizing a premunition program.
 

Members of the Ministry showed much interest in trypanosomiasis
 

in respect of diagnosis, treatment, prophylaxis, epidemiology,
 

and economic losses. They asked questions in relation to
 

quarantine and showed much interest in the development of a
 

control program for hermoparasites in Perd. 

In the afternoon there was a meeting in the Institute of Tropical 

Vete-tinary Medicine with a final discussion about the observations 

of the different zones visited. Presiding were Drs. Augusto
 

Castillo, Carlos Guerrero, Eddo Caletti, Jorge Alvarado and
 

Todorovic.. There was a exchange of o-n-o.. n d, ...... ion 

concerning hemoparasite investigations carried out by members
 

of Instituto Veterinario de Investigaciones Tropicales y de
 

Altura (IVITA). For example, the Department of Parasitology
 

(Dr. Guerrero) is in" charge of developing a program for the control 

of ticks. The Department of Microbiology (Dr. Caletti) for the 

.developmcnt'of a diagnostic system and the Clinical Pathology
 

Department (Dr. Castillo), the development of a diagnost-ic and 

prmuni tion prograts. 

At 4:30 in the afternoon, a conference at the National University -

San Harcos was given on "Bovine Babesiosis and its Control" for 

professionals, interested professors, representatives of the
 

Ministry of Agriculture and Ministry of Public Health, with 20 

persons attending. After the conference there was a round table 

discussion. 

July 25 to 28. A visit to the Oxapampa Zone was nmde, in o'der to 

observe animals, pastures, ranches and the existence of diseases 

produced by hemopatasites. Dr. Todorovic was accompanied by 

Drs. Augusto Castillo and Carlos Guerrero. They arrived at 
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Oxapampa at 7:00 pm. on July 25th and Lhc same night cere was a 

meeting with Dr. Alejandro Alva, Official VeterinaVian of the 

Ministry of Agriculture, concerning a study program of hemopaasites. 

July 26. At 8:00 am. a visit to the Ranch Hluancabamba owned by 1r.
 

Werner Ml ller, located 25 km. from Ox.apampa, was carried out. On
 

this ranch there are 500 Holstein - Zebu crossed animal. This 

ranch has two types of pasture; Melinis minutif.orI (Gordura) and 

Pangola grass. The Gordura grows in the lowlands while Pangola 

grows in the highlands. There were few ticks. Some of them were 

collected and identified as Boophilus microplus. Blood samples 

were taken from the animals for serologic tests. Farmers were 

practicing dipping for tick control in the rainy season at irregular 

intervals. Purebreed Holstdin were seen, obtained from the tational
 

University of San Marcos, Faculty of Veterinary Medicine. 

At 1:00 in the af ternoon%the Travi's Huancabamba Ranch was visited. 

hiJ ranch is located near M1ller's and has approximately 550
 

Purebreed Santa Certrudis and Criollo crosses awl Brown Swiss. 

Six years aro they started eradicating ticks by di-pping each 15 

days for almost 2 years. For approximately 4 years this ranch was
 

free of ticks and had been quarantined. This indicates that it's
 

possible to eradicate ticks in zones'where babesiosis is endemic and
 

hence control the disease. At 3:30 pm. a visit to the ranch "La
 

Esperanza" owned by Mr. Ernesto Mtller was carried out. This ranch 

has Purebreed Holsteins for cross breeding that will produce ap­

_prozmately 8 liters of milk without feeding concentrates, these 

animals only'eat natural pasture. The animals had little tick
 

infestation on this ranch. It is estimated that the potential for
 

increasing the number of animals is from 12,000 to 14,000 and the
 

hemoparasite lotses may be controlled by a tick eradication system
 

existing in this zone.
 

July 28 to AUgust 2. A research program was discussed with the members
 

bf the Instituto Veterinario de Investigaciones Tropicales y do
 

Altura (IVITA) to be applied in the Jungle (Pucallpa). A report of
 

this visit and a meeting with the Instituto Vecrinario de Investi­

gaciones Tropicales y de Altura (IVITA) Staff board was made.
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the Economyof Per-6
Hemopprasites and their Imnpact on 


The majoroconomic problem.resulting from the hemoparasite5s diseases 
in
 

Perfi is related to the introduction of cattle free from hjR'parasitds
 

to the tick infested endemic areas. In practice, this prolapm is of
 

pr" -'-j importance in relation to imported cattle and the cittle of the
 

highlands that are introduced to lowland pastures of the Jungle or the
 

North Coastal areas.
 

Several'reports, inquiries and scientific observations indicate thbt
 

bobesiosis and anaplasmosis are the most harmful diseases for the
 

Peruvian livestock industry development. The first disease is caused
 

and the second is produced by Anaplasma marginale. In
by Babesia spp. 


the natural form, the infections are transmitted by blood biting arthropods.
 

In Perd, there are several ticks species: Boophilus microplus and
 

Ainblyomma spp. They probably constitute tho most important babesiosis
 

There are no figures concerning the incidence
and anaplasmosis vectors. 


of trypanosomiasis. The characteristic signs of the three hemotropic
 

di... s u.fhen thcy arc pr alcn:one or tobetliar dLt; "pLurusive anemia,
 

icterus, fever, anorexia and finally death.. In addition hemoglobinuria
 

is usually observed in babesiosis.
 

OBSERVATIONS
 

Based on results of the visit to the Peruvian North Coast and JunSle, one
 

can say that in general there is a great potential for a beef and dairy
 

cattle industry. However, one of the limiting factors are the diseases
 

produced by the hemopara.ites (Lk. marginale, Babesia spp.) and their 

vectors (principhlly Boophilus microL,_).
 

1. During the visit made by Drs. Todorovic, Castillo, Guerrero, Caletti,
 

and Lora to the North Coast zone (Piura) and the Jungle lowlands
 

(Salva-Pucallpa) and Jungle highlands (Oxapampa) few animals in relation
 

wereto the abundant nntural pastures were found. In all the zones there 

animals infected with Boophilus microplus, Anaplasma marnnale and
 

Zabosi. spp. 
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2. 	 In some Jungle zones (Pucallpa).like Turnavista" nIM others, the
 

beef cattle population can be increased in orderito utilize the
 

existing pastures.
 

3. 	 .The Oxapampa Valley has conditions for the development of pasture
 

for beef and milk cattle, having roads communication with Lima.
 

In general, there are tick infestations but it was observed that one
 

ranch (Huarcabamba) had eradicated ticks. 'The first generation Zebu-


Holstein cross had shown an increase in meat and milk production higher
 

than the Ilolstein-Criollo cross.
 

High tick and hemoparasite infestations in animals were not observed 
probably due two reasons: a) The effect of the Gordura grass; and b) the 

effect of cross breeding. The Gordura grass grows easily and abundantly 

and the animals readly consume it, but it does not exist on a 100% of 
the farms. The ranchers do not have information about its effect on 
ticks, however, a low tick infestation was observed in this area. 

4. 	 In North Coast zones there are imported purebreed cattle that have
 

become acclimatized and could be used for beef cattle development.
 

5. 	 Animals naturally premunized and moved'from the North Coast (Piura)
 
to the Jungle (Pucallpa) became clinically infected with hemo­

parasites. It is probable that different strains of Babesia spp. or
 

Anaplasma marsinale exist.
 

6. 	 A system of organization for the.diagnosis and control of hemo­

parasites is needed.
 

7. 	 In some zones acaricides (chemical) in appropriate forms were not
 

used; consequently, a great deal.of infestation was found (Acosta's
 

Ranch, Solva-Pucallpa).
 

8. 	 There is scarcity of animals, installations and adequate .equipmont 
-in the places visited to.investigate hemoparasites and their vectors. 



9. Coordination among investigators from different ,disciplines is 

needed. Rather than acknowledging these investigators personally, 

Dr. Todorovic acknowledges their efforts, scientific knowledgc, vigor, 

enthusiasm and determination to do something constructive about the 

diseasc problems in their country. 

CONCLUSIONS
 

In the zones visited Piura (North Coast), Pucalipa (Lowland Jungle)
1. 


and Oxapampa (Highland Jungle), the presence of Babesia spp. and
 

Anaulasma mar ,inale in Bovines was demonstrated.
 

2. 	 In the areas visited different grades of the principal vector of 

.these hemoparasites infestation, Boophilus microplus, were found. 

.3. 	 In addition to Boophilus micronlus, Amblyomma app. was demonstrated 

in the Pucallpa (Turnavista region).
 

4. 	 The presence of many ticks in some jungle livestock herds leads
 

to poor physical condition of livestock due to the blood loss by
 

tick feeding as well as disease transmission.
 

5. 	 In the Oxapampa (Highland Jungld) 1elinis minutiflora exists. The 

Boophilus micronlus infestation is low and in some areas is 

eradicated. Anaplasmosis and babesiosis are controlled easily, by 

efforts in tick control and disease.treatmenc. In the zone (Oxapampa) 

a new Zebu and Holstein cross is being raised which promises good results 

in both beef and dairy cattle production in the tropical zone. 

b. 	 The naturally premunized Piura animals which were carried to
 

Pucallpa (Lowland Jungle) were clinically infected with hemopa­

rasites. This indicates' loss of imiunity or differences in strains of 

hemoparasites. 

7. 	 'A good system for hemoparasite serological diagnosis does not exist 

in the laboratories visited. 
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8. 	 In-the Pucallpa and Turnavista (Lowland Jungle) zones small areas 
with Melinis minutiflora (Gordura grass) were found and it is 

believed it has a dilatcrous affect on the tick larvae.
 

9. 	 Upon a direct examination of fresh or stained blood smears,
 
Trypanosoma spp. were not detected, 
 lowever, the inoculation
 

of splenectomized and laboratory animals follow in observation.
 

10. It is necessary to develop a program for the control of hemo­
parasites and their vectors before large investments are made.
 

RECO14ENDATIONS
 

It is very important to form a group of investigators interested in
 
working with hemoparasites to discuss and analyse all research projects
 
to be considered. It will be neccssary to include.in this group members
 
in different fields such as parasitology, immunology, clinical pathology,
 

microbiology, etc.
 

1. To establish a project for the study and control of hemoparasites
 

and their vectors. Consequently, this would bring an increase in
 
the dairy and beefcattle production in tropical zones.
 

2. Basically, the project should consider the following aspects:
 

a) To establish coordination between different groups of parti­
cipant investigators (parasitologist, microbiologist, 

pathologist, etc.).
 
b) To provide sufficient funds for developing and performing the
 

project (material and equipmrni'.
 

c) 
To establish contacts with international organizations for
 
working in these aspects in order to interchange informations
 

materials and investigators.
 

http:include.in
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3. 	 Within the project the following aspects must biconsidered:
 

a) Development.of serological tests for hemopak'sites
 

diagnosis.
 

b) 	Prevention method studies based on the vaccination and
 

standardized premunition with field strains. Pastures
 

improvement and control of the'tick population especlally in
 

lowland areas.
 

c) Prophylactic and curat-ive drugs experimentation.
 

d) A control of vector (ticks)systems investigation.
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SrO.LOGIQ..L PATPLO.CSICAL A'L,:;.,,. 

AND BABESIOSIS IN EX,:.RI,'MENTALL.Y INFECTED CA.LVSI'S 

A CLINICAL, A"ND STUb' (..-CuNCU.ki.,",, ;, 

INTRODUCTION
 

Anaplasmosis and babesiosis are infectious, transmissible "diseases
 

caused by heimoparasites. Although several domestic and wild animal species
 

are susceptible to the infection caused by Anaplasma and Babesia organisms,
 

economic losses are most severe in cattle. The incidence of bovine "ana­

plasmosis and babesiosis is especially high in the tropical and subtropi­

cal regions of the world where large enzootic areas exist. Indigenous ca­

ttle within the enzootic areas are norwally exposed to infection at an 

early age when their resistance to the disease is reported to be highest. 

The indigenous cattle usually display minimal signs of a clinical infec­

tion and subsequently develop a chironic carrier state or inrectLon turougn 

a process of natural premunition. However, cattle whiih are transported
 

from non-enzootic areas into or through enzootic areas for the purpose of
 

shipment to market, utilization of pastur2 land or as imported breeding
 

stock are highly susceptible to severe clinical infection wit'h high morta­

lity rates bften occurring.
 

Numerous investigators have coimiiented on the co=Lon distribution of
 

anaplasmosis and babesiosis and on the high frequency of concurrent
 

Anoplas.,a and Bahesia infection of cattle. Several investigators haie
 

observed and increased severity in clinical illnes in cattle concurrently
 

infected. Others have reported the results of experiments which indicate
 

that either of the disease agents may initiate in the lovine host a
 

physiological state which is not conducive to the multiplication of the
 

other disease agent.
 

http:CuNCU.ki
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The purpose of this investigation was to conduct an .experiment espe­

cially designed to study the clinical course, serological r ponse and
 

pathological manifestations of cattle concurrently infcctedl ith inoplasma
 

marginale and Babesia bigeminn; and further, to study the biological
 

behavior of the .2disease agents during a concurrent infection.
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MATERIALS AND I.ETIIODS 

Experimental Organisms
 

Isolatiin. Pure isolates of Anaplasma marginale and of Babcoia bir-ei
 

used during the experiment were .obtained by natural Boophilus microplus
 

transmission of the organisms to susceptible calves undcr field cindi­

t 'ons. Two intact and 2 splenectomized Holstein-Freisiaon calves, 4 montha
 

of age, with a known history of no exposure to Stick vectors, negative
 

canplement fixation tests for Anaplasma and for Babesia 
and with nega­

tive blood smears for hemoparasites were transported by airplane from
 

the savanna of BogotA to the North Coast of Colombia and placed in tick 

infested pastures at the Turipani ICA experimental station near kfonter1a, 

C6rdoba. Daily blood samples were collected from the calves, and packed 

cell volumes and body temperatures (were ascertained. Giemnsa stained 

blood smears were exinined daily for the presence of hemoparasites. 

Bahesia bireminn. Following 18 days exposure to tick vectors, one 

of the splenectomized calves was observed to be infected with B. bircmina 

and B. n nnn- .gS from staincd blood sncars. One hundred ml of blood 

was collected from the calf using ,t£l, icne diamiuc tetra acetic acid 

(EDTA) disodium salt, 2 mg/ml of blood as an anticoagulant,.transported 

to Bogotfi and immediately Upon arrival inoculated intravenously into
 

a splenectomized calf. The separation of B. bigemina from 
. arsgentina 

and from A. marpinale was accomplished by the rapid seri~l passage of 

infected blood through 5 splenectomized calves following the method 

described by Callow and Rloyte. Blood was collected from the last calf
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of the rapid transfer scries and inoculated into 2 intact 6 month old 

Uolstain-Freisian calves. 
The last 2 calves of the rapid transfer series
 

a 
were treated intravenously with trypan blue to prevent death from acute
 

babesiosis due 	to infection with 1_.bigemi. 
 to allow the iontinuecd
 

observation of the calves for infection with 
B. arrentina. 	1Packcd cell 

vlumes and Giemsa stained blood smears collected from the 2 splenectomi­

zed calves and 	from the 2 intact carrier calves were examined twice"weekly
 

for 12 weeks following inoculation to ascertain the purity of the B. bine­

mina isolate and the absence of other hemoparasites. 

Antlasa marinalc. A mixed infection of A. r mnale, 1. Ligetninn 

and B. argentina was observed in an intact calf at the ICA experimental 

station 32 days after exposure to tick vectors. One hundred ml of blood
 

was collected from the calf using EDTA as an anticoagulant, transported
 

Lu 	 iaw-1w.il iLJlvctlluv;,,,uL ,,,&u, uiuu inoculuLd iiLzvuuouly 1a11u a 

splenectomized 	calf. The splenectomized calf was 
treated intramuscularly
 

at the time of inoculation and for 2 consecutive days thereafter, with
 

4-4', diamidino diazoaminobenzene diaceturateb at a dosage of 3,5 mg/kg
3 

of body weight 	. Packed cell volume and Giemsa stained blood smears were
 

exmined from the calf 3 times weekly for 6 weeks following inoculation 

to observe the 	clinical progression of anaplasmosis and to ensure that
 

the Babesia were elimimated by chemotherapy.
 

a. Azul Tripan: Velox Laboratories, Bogota, Colombia
 

b 	 Ganaseg: E. R. Squibb & Sons, Interamerican Corporation, Cali,
 
Colombia.
 

http:iaw-1w.il
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Preservation and Storage of D3bosia Bijrcmina. Ifocula: containing E. 

"bigeinawore preparcd from the blood of a splonectomized calf having 

a pure patcnt infection. Immediately prior to proparation of ho inocula, 

have erythrocyte count crythrocytes/V4 3 

the calf was observed to an of 8.5 xl06 


of blood, with 2.5% of the erythrocytes being infected with B3 icmina.
 

Each ml of blood from the calf was calculated to contain approximately
 

2.1 z 108 B. bigemina. Five ml of blood was aseptically collected from*
 

the calf into each 7 ml evacuated glass tubousing EDTA 2mg/ml of blood
 

as an anticoagul'ant. Following the collection of blood, sterile 95.8% 

glycerol:' was added to each tube as a cryoprotectant to produce a final 

glycerol concentration of 104% by'volume. The blood and glycerol were 

mixed by inverting the tubes several times and the tubes placed in a 

refrigerator at 4 C... Fllobwing 2,- hours of refrigeration, the tubes wcrc 

removed from the refrigerator, and the blood and glyceroZ. mixture was 

.frozen by plunging the tubes into a solid carbon dioxide -absolute 

.alcohol bath. The tubes werc immcdiatoly placed in a dry ice chest 

at : 79 C and stored until used as inocula. 

Prr-orpvation nnd Stornr'n o'f An in.-t matrinale. Inocula containing 

Annplarmma mairinalc wore prcpav d from the. blood of a splencctoLLzd 

calf having a pure patent infection. Immediatcly- prior to preparation
 

of the inocula, the calf p as observed to have an erythrocyte count of
 

5.5 x 106 orythrocytes/mm3 of blood with 3.5%of the erythrocytcs
 

being infected with A,. marginle. Each ml of blood from the calf wras
 

calculated to contain approximatoly" 1.9 x. 10 8 A.. marginale. Th6 inocula
 

Vero prepared from the blood of the calf using a modification og...tho *.i.
 

method- reported by Barnett. Blood was aseptically.withdrawn from.­

c Do.Do. Vacutainors Becton-Dickcnson and Company, Ruthorfordp N.J,
 

d JTo. Bakar Che.iLcAl Company, Phillipsburgo N.J..
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the calf and collected in a 250 ml sterile flask using hopar3.n 

+nits/ml of blood as an anticoagulant. Modifications of Barlett's 

method included:the addition of sterile 95.8% glycerol to t4 blood 

to produce a final concentration by volume of 0.2% glyceroZ; fivo 

ml aliquots of the blood and glycerol mixture were dispensed into 

7 ml glass tubes and the tubes scaled with rubber stoppers; temperature 

decrease during the freezing process was 10C per minute to - 160Cj at 

which time the temperature was lowerod to - 790C bvor a 5 minute period. 

The tubes of frozen blood wore placed in a dry ice chest at - 790C 

and stored "Z until used as inocula. 

Experimental Animals
 

Twenty-two, male, nonsplenoctomized, Holstein-Friosian calves, 

7 months of age-were used as experimental an:bzalu. Etwl waaCalf 


identified by an ear tag number and data collected during the expc-riment 

was referred to by these numbers. The calves were housed in a tick free
 

environment prior to and during the course of the experiment.. Insect
 

control was maintained by the periodic spraying of the housing facilities. 

.
with an appropriate insecticide. A balanced ration of ensilage and 

a concentratemixture composed-of 43% corn. 30% cotton seed oil meal, 

24% bran, 1% salt, 1% bone meal and 1% trace minerals was provided to 

the calvos during the experiment. Water and salt were provided free choice. 

Fecal specimens were collected from each calf prior to experimental 

infection and exunined for hclminth and protozoan parasites and treat­

ment was doomed t be unnecessary.
 

Iloparin (Ammonium salt): Distributed by Scientific Products Division, 

Inerican Hospital Supply Corparation. General Offices Evanston, nli. 

$ VApona: 0-0 dimtil 1-2-2 diclorovini. fosfato, Shell Ltda.p. Bgota, ColoMr 

C 



Prior to experimental infection, all calves wcrc screeacd 
for 

the presenco of current or previous infection with Ana2plast or with 

Babesia parasites by the complement fixation test,218 2 by io 

examination of stained blood smears vnd by thc inoculation of a 

splcnectom.zcd calf with a pooled blood sample.composed of 10 ml of
 

blood collected from each experimental.calf. Blood samples were collected
 

weekly frota the splenectomized calf for 12 weeks following inoculation 

of the pooled blood sample, and packed cell volumes and stained 

blood smears were examined to ascertain the absence of hemoparasites. 

The calves were examined phystcally, and blood and serum samples 

were collected twice weekly for 2 "weeks prior to experimental infection 

to ascertain normal values for the following parameters: packed cell volume;
 

hemoglobin concentration; total and differential leukocyte counts;
 

reticulocyto count; total, direct, and indirect serum bilirubin 

concentration; serum glutamic-oxalacetic transaminase activity; serum 

sorbitol dehydrogenasc activity; 
total serum protein content; serum 

pr6tein clectrophoretic patterns; body weights; and body temperature. 

Following the collection of blood anc- erum samples necessary to
 

ascertain preinfection values for the above mentioned parameters, the 

experimental calves were randomly divided into 4 groups. Group I and II 

each contained"3 calves, while Groups III an'd IV each contained 8 calves. 

Inoculation of Experimental Calves'. Immediately prior 'o*'the inoculation 

of the experimental', calves,. the, tubes of frozen inrectod'blood were 

removed from the dry 'ice"'hest and thawed by'immersing the tubes in a 

tAter bath at 3 C .for-1 minute.. The calves were inoculated within 30 

minutes after thawing'.the frozen inocula. 

The 3 calvos of Group I were each subcutanoawsly injected with 

ml of thawed inoculum containing approXimately 9.5 x 108 . .maranale 



99.
 

Group I served as a control to evaluate the rctiponso of calvon infgiatly 

inrected with Ai inarg;Lnal.o. 

The 3 calvcs of Group II were each subcutancously injected rwith 

5 ml of thawed inoculum containing approximatoly 10.5 x 108 + bigcmina. 

Group II served as a control to ovaluato the response of calpes 

singularly infected with B. b. 

The 8 calves of Ororip III were each subcutaneously injected with 

5 ml of thawed inoculum containing approximately 9.5 z 10 A. marginal. 

Scvnty days following the inoculation of Group III, the calves had 

recovored from the acute clinical stage of anaplasmosis and were
 

entering the carrier or post patent period as evidenced by a continual
 

increase in packed cell volume and a continual decrease in the number 

of infected erythrocytes. The calves of Group III were each subcutaneously
 

injected on day 0- .with 5'i. oi..thawed inoclu~l coniVa:Uring a -A'xitci 

10.5.x 108 B. bigemina.. Group III served to evaluate the effect of a 

secondary infection with B. bigeatna in calves recently recovered from
 

anaplasmosis.
 

The calves of Group IT were each abcutaneously injected with 5 
ml of thawed inoculbm containing approximately 10.5 x1O8 B. bigamia 

Thirty-seven days following the inoculltion of Group IV the calves
 

had recovered from the acute clinical stage of kabesiosis as evidenced
 

by a continual increase in packed cell volume and a.' continual decrease 

in the number of infected erythrocytes. The calves of Group IV were 

each subcutaneously injected on day 37 with 5 imn off thawec inoculum 

containing approximately 9.5 x 108 A. parginale. Group IV served to 

evaluate the- effect of a secondary- concurrent infoct4cn with A.- marGinale 

in calves recently recovered from babosiosis.. 
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Epraimental Procedures 

SAnMplC Collection Scheduc and Procedures.. Blood and sev.= samples 

were collected twico weekly from each calf for the duration of the 

investigation. This schedule was altered during the.acute clinical 

phases of anaplasmosis and babcsiosis during which time a Tplcs waro 

collected 3 times weekly. Samples were collected from the palves
 

of all 4 groups until day 120 post infection.
 

Samples itere- collected between 8:00 and 10:00 a.m.. Body
 

temperature, in degrees centigrade, recorded during
was each 
collection period, and the general-attitude and condition of each
 

calf were noted. Blood and serum samples wore aseptically collected
 

from the calves by intravenous puncture of the jugular vein. A total 

of 45 ml of blood was withdrawn from each calf at each collection.
 

1v. ml e1Mthe hlnnt i w 
 nn ri, in 1(0 mi. .a +m.mA viith EDTA. 

2mG/ml of blood as an anticoagulant. The remaining 4O ml of blood 

Uas dispensed into 10 ml glass tubes..The blood was allowed to clot 

at 24 C and the serum collected following centrifugation at 2500 rpm 

for 15 minutes. 

Tno body weight of each calf was approximated by tape 

moasuremnt8 prior to experimental infection and every seventh day 

thereafter. Changes in body weights were compared between" the 4 

groups of'calves. 

Bone marrow biopsies were taken from 2 calves randomly selected 

from each of the 4 experimental groups prior to experimental infection, 

and myoloid:orythroid ratios determined to approximato normal
 

hematopoiotic Activity. Following experimental infection, bone
 

S Hotric tape for milk broods c3115, NASCOp Fort Atkinson, Wis 
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2 

marrow biopsies were collected from the 2 calves of Group I.and the '2 

calves for Group II on the'day following maximum parasitemi for AnalL; sna
 

and Babesia respectively. Bone marrow biopsies were takenkron the 


concurrently infected calves of Group III and the 2 concurr ntly infected
 

calves of Group IV on the day following maximum parasitemia:of Babesin and
 

Ansplasma respectively. Bone marrow biopsies were again taken from'the"2
 

calves of each group at the termination of the experiment. All bone marrow
 

specimens were collected from the medullary cavity of the rib using the
 

12
 
biopsy techniqpe described by Coles.
 

Gross and Microscopic PatholoAy. Pathological changes were evaluated by
 

gross and by histopathological examinations. Four calves, 2 from Group
 

III and 2 from Group IV, died during the experiment. A necropsy was per­

formed on each of the calves and a complete set of tissue specimens were
 

collected for histopathological examination. In addition, 2 concurrently
 

.infected calves from each of Groups III and IV were euthanatizdd, by elec­

trocution using 110 volt alternating current, for necropsy on the day fo­

llowing maximum parasitemia of Babesia and Anaplasma respectively. Tissue
 

specimens were collected from grossly normal and pathologic organs. The
 

tissues were fixed in buffered 10% formali, embedded in parafin, sectioned
 

at 5 microns, stained with hematoxyiin and eosin and examined for micros­

copic :abnormalities. In addition, special stains were used in the prepa­

ration of selected tissue specimens for histopathological examination.
 

Special attention was given to the tissues of the reticuloendothelial
 

system during histopathological examination, however, tissues from all body
 

systems were examined. A normal, noninfected control calf was also eatha­

natized and subjected to necropsy. A complete set of tissue specimens were
 

collected ahd utilized for comparative studies.
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C~I.nicnlP!IoLo. The techniques performed on blood u' mplca wore 

completed 6n the same day. as sample collection. Tcchniquop analtzing 
serum samples were performed on samples which had been f4zen and
 

storcd*at -10 Co
 

Packcd cell volumes wore dctermined by the microhiniatocrit
 

method. 7 2 Hemoglobin concentration was measured by the Hycel
 

cyanomothemoglobin tcchnique. h Differential and total leukocyte
 
counts were determined 
by standard laboratory techniquos..
 

Reticulocyte counts conducted using
were a standard reported
 
technique, utilizing brilliant cresyl blue stain, followed by
 

counter staining with W'right's stain. 7 2 

The percentage of parasitized erythrocyes was detcrmined by
the microscopic examination of thin blood smears under the oil
 
immersion objective. Following fixation in methyl alcohol, 
 blood
 
smears 
wore stained for 20 minutes with a 1:.20 stock iemsa-buffered 
distilled water mixture at a ph of 7. *C.A wotting agent' was added 
to the distilled buffered water to a final concentration of 0.01% to
 
aid in removal of precipitated stain from the blood smears. The
 
stained blood smears'were washed in distilled water and dried under
 
a heat lamp. The percentage of parasitmi4 was determined by counting 

from lO0O00 to 12,000 erythrocytes on each slide. All counts were 
made by counting cells located from A to inch from the feathered
 

end of the blood smear. Thick blood smears were used for the detection 
of Babesia parasites in the blood of chronically infected calves%2 5 

hi Hyccl, 1iouston, Texas 
. Triton X-l0O, Rohm and Haao, Philadolphiaj, Penn. 
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Total serum protein lovels werc ascortained by using a hand­

hold, tomporature compensated reCfractometer.j Serum glut+nLc 

oxaloacetic trnnsamtnase levels wore measured by a kit prdceduro
 

end Frankel. 6 4 
modified rom the original method of Reitman 

Serum sorbitol dehydrogenaso activity was measured by a mtdificd kit 
1 22r 

procedure adopted from the original method of Gerlach. Serum 

bilirubin concentration was determined by a modification of the
 

Van den Bergh procedure as described by Gibson and Goodrich. 23 

Serum protein olectrophoretic patterns were ascertained by a 

modification of thotepnique described by Briere and Mull using 
8 

celluldse acetate membranes. Five lambdas of serum were applied 

t celIulose acetate membranesm with a Titan 14-2 applicator. n The 

callulose membranes were presoaked in cold trisbarbitol -sodium
 

barbitol buffer0 having a ph of 8.8 and an .ionid strength of 0.045 

mo2ar. Follbwing application of the serum samples, the membranes 

were immediately transferred to a olectrphoresis .chamber. Separation 

of the serum protein fractions was accompliched by applying a coinstant 

voltage of 300 volts or a constant amperage of ..25 milliamperes to 

the chamber for 45 minutes. Following electrophorotic separation, the 

membranes were immediately placed in a solution of 0.5% Punecauq with 

100 ml of trichloroacetic acid and fixed-stained for 5 minutes. 

Excess and background stain was removed by rinsing the membranes for one 

minute in each of four 5% acetic acid baths. The membranes were then 

dehydrated by immersion for 30 to 60 seconds in absolute methyl alcohol 

j T-S Meter, Almerican Optical Company, Buffalo, N.Y. 
k 
3 

Sigma Chemical Company, 
Sigma Chemical Company, 

St. 
St. 

Louis, 
Louis, 

M. 
Mo. 

m 
n 

Sepraphore III: Gclman Instrument Company,
Helena Laboritories, Allen Park, Miss. 

Ann Arbor, Ifich. 

o 
p 
q 

High ResolUtion Buffer, 51104, Gelmin Instrument Companyr Ann Arbor,
Deluxe Electrophoresis Chamber 5117O, Gclman Instrument Company, Ann 
Gelman Instrument Company, Ann Arborj Mich. 

Rich 
Arb; 

I 
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and cleared by imincrsion in a solution of 10% accLic acid in methyl 
alcohol.. Following 20 in.nutes of drying aL 55 C th 1:*cinbancn bcc.mo 
trrus|pnrent. The various serum protein fractions on the tv4*anvp arcnv 
muembranes wore rolativoly quantitated by using a dcnaitom ter with 

an automatic scanner and intergrator.r Absolute values fot the 

various protein fractions were obtained from the relative percentages
 

of each fraction and the total serum protein values. 

Scroog. Serum samples collected from each experimental calf
 

were scrcened for the presence of complement fixing antibodies for
 

A.- marginale and for B.. bigemina.. All samples were screened for the 
presence of As marginale antibody by the standardized complement
 
fixation test for anaplasmosis as prescribed by the United States
 

Department of Agriculture. 2 The complement fixation test employed
 

to detect B.bigemina ,ntihodi.q vqc: a mode+icatcn b- 82 

or ih. origia iest described by* oney. All serum samples found 
to be positive by these? screening procedures were then titrated by
 

the microproceduro technique. as described by. Hidilgo-and Diopoullo. 2 

Antigen used in the complement fixation test for anaplasmosis was
 

obtained from the United States Department of Agric4. ture. s Antigen
used in the complement fixation test for babesiosis was obtained by
 
the method described by Mahoney using a distillbd water eitract of 
the parasite suspension. 
 Antigen thus obtained was stored at -76 
C until used in the complement fixation test.
 

olman Automatic Recording and Intergrating Scanner, No# 39372, Gelman 
Instrument Company, Ann Arbor, Mich. 

a Animal Disease Eradication Branch, Agricultural Research Service, U*S..D.A. 
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RESULTS 

EXP;'It INENTAL 1'..C,:DiUlES 

ClIntcn1 Observntionr. SlighL" clevations of body temperntutes were obscr­

ved in the 4 groups of calves. An average maximum elevation of body 

temperature of 1.3*C. was observed in the calves iinfected with A. Mrgina­

le. only. The slight elevation of temperature occurred during the period 

bodies were first observed in the erythrocyteswhen Anaplasma marginale 


of the infected calves. The temperature of the calves returned to normal
 

within 10 to 15 days and remained normal for the remainder of the experi­

ment. No elevation of body temperature was observed in the calves infected
 

with B. bipemina.
 

* 
Body weight increases and average da.ily gains were calculated by finding
 

the difference between initial wights on day 0 and the final weights on day
 

120 P.I (Table 2).
 

The general physical condition of the calves of Groups I, III and IV
 

declined as indicated by poor body condit ion, dull haircoats and inactivity.
 

The calves of Group II remained active and in good physical condition
 

throughout the .texperiment.
 

Hemoglobinuria wds observed in calf #134 of Group III. The calf de­

veloped hemoglobinuria on day 7 following inoculation of blood containing
 

B. bigemina , and died on day 9 P.I.
 

Gross Pathology. Calf # 134 of Group III, which was in the recovery phase
 

of anaplasmosis, died on day 79, 9 days after being inoculated with blood
 

containing B. bigemina. Gross lesions observed during necropsy of the calf
 

included: hepar.omegaly with yellow discoloration; splenomegaly and con­

gestion; petechial hemorrhages in the renal capsule, pericardium, prefemo­

ral and renal lymph nodesy distention of the urinary bladder with port wine
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colored urine; distention of the gall bladder with thick yetlo: colored 

bile; the p.ricardium contained approximately 25 ml of bloodstained fluid; 

the kidneys were dark red in color; the right ventricle of Fhe heart was 

dilated and flacid; the mucus membranes of the mouth and thq conjuctival
 

membranes were pale; the lymph nodes were generally enlarged with promi­

nent lymphoid follicles on the cut surface. The lungs remained infla.ed 

with air.
 

Two calves from each of Groups III and IV and a normal noninfected con­

trol calf were euthanal ized and subjected to necropsy. Gross lesions ob­

served during the dissection of the 4 infected calves included: 
 from 500
 

to 
1000 ml of straw colored fluid in the peritoneal cavity, 100 to 200 ml
 

of fluid in the pleural cavity, and occasionaly fluid in the pericardial
 

sac; moderate lymph node enlargement; splenomegaly with prominent splenic
 

follicles; renal cnnppstinn t mndpratp hPint-nmponl a-rsie oflbpli. Af 

depot fat was occasionally observed. No differences in the extent or se­

verity of gross lesions were observed between the 2 calves of Group III and
 

the 2 calves of Group IV. An additional calf from Group III and 2 calves
 

from Group IV died during the experiment. Gross and histopathological
 

examinations indicated the 3 calves died from extraneous causes,
 

Microscopic Pathology. The spleen of calf #134, which died during the 

experiment, was severely congested and had focal areas of n6crosis in the
 

lymphoid folliclqs. Grannules of hemosiderin were observed in rcticulo­

endothelial cells in the spleen, renal glomerular tufts, hepatic Kupffer 

cells afid within alveolar septal macrophages in the lungs. The liver was
 

moderately congested and numberous individual hepatocytes were undergoing
 

degenerative and necrotic changes in the centralobular areas. Kupffer cell
 

hypertrophy and erythrophagacytosis were prominent. Emphysema was observed
 

http:infla.ed
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in most of the pulmonary lobules, and a moderate infiltration of lympho­

cytes and reticulo-endothelial cells were observed in the pel ibranchial 

areas. The basement membranes of the glomerular tufts were clatively
 

thickened. Hemoglobin casts were observed in the lumens of I everal renal
 

tubules. Necrosis of individual, lymphocytes observedwas in t he lymphoid 

follicles of the lymph nodes. Numerous nucleated erythrocytcs were ob­

served in the sinuses of the lymph nckles, spleen and in the sinusoids of
 

the liver.
 

Tissue sections from'each ,,of the 4 calves euthanatfzed for dissection 

were grouped togehter by organ and examined for microscopic abnormalities. 

Liver. Slight to moderate centrolohular degeneration of the hepatocytes
 

was observed, as evidenced by numerous hepatocytes having pyknotic and
 

karyorhectic nuclei and eosinophillic cytoplasm. A slight to modrate 

Infl-11ty-e~nion ol lMPhoyt-ens Ird r-c1tulo.endoths1ia-n1 C,1 , I,.. 

in the periportal areas. The hepatic sinusoids contained an excessive num­

ber of mononuclear inflammatory cells, ;.and immature nucleated erythrocytes.
 

Kupffer cell hypertrhphy was observed in most of the sections. Erythro­

phagocytosis and phagocytized hemosiderin grannules were occasionally
 
4 

observed.
 

Kidney. An cosinophillic staining, proteinaceous material was obser­

ved in Bouman's capsules and in the lumens of the renal tubdles. A slight
 

infiltration of lymphocytes and plasma cells was occasionally observed in
 

the interstitial tissues and was predominantly perivascular in distribution.
 

Phagocyfized hemosiderin grannules were occasionally seen in the glomeru-'
 

lar tufts and in the interstitium.
 

2 n. A moderate to marked lymphoid hyperplasia of the malpighian 

corpuscles was commonly observed. Lymphoid exhaustion, as indicated by 
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the reduction in width or the absence of a zone of inature inph'cytes in 

the pricorpuscular areas, was evident in most sections. Ilyperplasia of 

reticulo-endothelial cells in the red pulp was observed in wnoe sections. 

Grannules of phagocytized hemosidcrin were observed in the sinuses of 

all sections. 

Lith hodes. listopathological examinations were conducqed on tissue 

sections prepared from the suprapharyngecal, prescapular, prefemoral, 

sternal, bronchial, hepatic, renal and mesenteric lymph nodes. The micros­

copic abnormalities observed were similar irregardless of which lymph
 

node was -axamined. Moderate hyperplasia of the lymphoid follicles was ob­

served in all sections, with marked hyperplasia being observed in several
 

iections. Hlyperplasia of reticulo-endothelial cells was occasionally 

observed. Grannules of phagocytized hemosiderin were present in several 

sections. 

Lung. Microscopic abnormalities were seldom observed and consisted of 

occasional perivascular and interstitial infiltration of lymphocytes in low 

numbers. 

Cerebrum. Microscopic abnormalities were irregularly observed and
 

consisted of occasional perivascular infiltration of low numbers of lym­

phocytes and plasma cells.
 

Adrenal and thyroid glands. No microscopic abnormalities were obser­

ved.
 

No differences in the extent or severity oftistologic lesions were
 

observed between the calves of Group III and Group IV.
 

Clinical pathological results are given in the following tables and
 

figures.
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TABLE 1. 

The Separation of Babesin big!jAiul 

marginale by the Rapid Passage of 

Calves. 

from 1abcsia argentina 

Infected Blood Through 

and Anapl.nIsma 

5 Splenectomized 

Splenectomized 
Calf No. 

Incubation Period (Days) 
Babesia Babesia 

bigemina argentina 
Ananplasma 
marginale 

1 

2 

1-1/2 

1-1/4 

4 

4 

44 

Neg. 

4 

5 

1-1/2 

2-1/2 

Neg.' 

Neg. 

Neg. 

Neg. 

Neg. - No parasites seen in Giomsa Stained Blood Smears. 



TABLE 2. Initial and Final .eights with Total Weigh: 'ains and Ave. 
 "Daly
 
Gains of the Four Grou s of .Experimental Caries.
 

Groups of 
 Number of Initial Fina 
 Total Averaze

Experimental- Calves per Weight We: -:--
 Gi Daily
Calves Group Day 0 (kg; Day 120 (1k) (kZ) Gain (kg) 

I 3 135 182 
 47 0.39.
 

II 3 
 137 24 
 103 0.86
 

III 
 8 137 183 
 46 0.38.
 

IV 8 
 127 189 
 53 0.44
 

*Weights are based on the average for the group.
 

** Initial and final weights are based on the average of measurements made on 2 success­
ive days at the beginning and termination of the experim-ent.
 

I­



TABLE 3, Roticulocyte Counta of tho 4 Groups of Xpo-ionta Calvos. 

Days I 


-4 NS 

2 
 NS 

5 
 NS 

9 
 NS 


12 
 NS 

14 
 0.03 

16 
 NS 

20 
 NS 

22 
 0.3 

26 
 0.2 

29 
 0.1 

33 0.336 
 0.5 

40 
 ND 

43 
 0.3 

47 
 0.3 

50 
 0.4 

54 
 ND 

61 
 0.2 

64 
 0.2. 

68 
 0.2 

71 
 0.3 

75 0.6 
82 
 0.3 

85 
 0.8 

89 
 0.3 

92 
 0.3 

96 
 0.2 

99 
 0.1 


103 
 0.1 
110 0.1
117 0.1 

*NS --.Not soon
 
*ND -- Not determined
 

Groups of Experimental Calves
 

II III IV
 

NS NS NS
 
NS 
 NS 
 NS
 
NS 
 NS 
 NS
 
NS 
 NS 
 NS

NS 
 NS 
 NS
 

\ NS NS 0.03
 
NS 
 *. NS NS
 
NS 
 0.03 
 0.4
 

0.7 
 0.8 
 0.9
 
0.8 
 0.2 
 0.4
 
0.1 
 0.2 
 1.8
 
XD NI? h1)
1.2 
 2.9 
 3.3
 
ND 
 ND 
 ND 

0.3 
 0.2 
 0.3

0.3 
 0.2 
 0.3
 
0.8 
 0.7 
 0.4
 
n 
 ND ND

0.2 
 0.2 
 0.1
 
0.1 
 0.2 
 0.2
 
0.3 
 0.5 
 0.4
 
0.2 
 0.2 
 0.4

0.6 0.8 0.3 
0.5 
 0.3 
 . 0.4
 
0.4 
 0.4 
 0.4
 
0.3 
 0.5 
 0.3

0.1 
 0.1 
 0.3
 
0.1 
 0.1 
 0.3
 
0.1 
 0.1 
 0.4

0.1 0.1 0.30.1 0.1 0.2 
0.1 " 0.1 0.2 



TABLE 4--Serum Sorbitol Dehydrogenase Concentrations. 
Group means are Presented in Sigma

Units/ml of Serum.
 

Groups of 

DAY
 

Experimental
 
Calves
 

.-12 -10 +12 
 26 40 
 54 68 
 82 96 
 110
 

I 307 665 480 
 339 568 
 500 
 ND ND 634 1154
 
II 493 558 613 
 593 388 446 
 ND ND 261 586
 
III 467 503 426 
 516 300 391 -" 
 ND ND 259 826
 

IV 423 415 411. 666 296 299 
 ND ND 
 333 1363
 

*D Not determined
 



TABLE 5-lyeloid:Erythroid Ratio as Determined by the Examination of Bone Marrow Biopsies

Collected on Days 0, 50, 90 and 120 of the Experiment.
 

Groups of 
 M:E Ratio
 
Experimental Calf No.
 

Calves 
 Day 0 Day 50 Day 90 Day 120
 

1 
 122 	 0.59 0.23 0.40 
 0.57
 
123 0.56 0.17 
 0.20 0.23
 

II 	 127 0.53 ND 0.36 0.24
 
128 0.60 ND ND 
 0.64
 

III. 	 133 
 0.78 0.25 0.15 
 0.18
 
144 	 0.64 0.34 
 0.36 0.34
 

IV 
 147 	 0.49 0.30 
 0.14 0.13
 
149 0.55 0.28 
 0.22 ND 

*ND - Not determined 
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SUMA2Y 

Isolates of A.-ITLrginal € and of B. bjgemina were obtained 

by the natural tick transmission of the organisms to susceptible 

calves under field conditions. Babcsia bigemina was separated
 

from B. argcntina nid A. marginale by the rapid serial passage 

of infected blood through 5 splenectomized calves. Anaplsma
 

!2ar'ina.e was therapeutically separated from B. bircmina and B. 

argentina utilizing a babesiacidal drug at a sterilizing dosage.
 

Following the addition of glycerol as a cryoprotectant the.isolates
 

v: A. marginaic .nd bin. wrew frozen and stored at -79 C. 

TWenty two, 7 month old, male, Holstein-Friesian calves 

were divided into 4 experimental groups. Groups I and II consisted 

of 3 calves each and served as control groups for anaplasmosis 

and babesiosis respectively. Groups III and IV consisted of 8 

calves each ond served to study concurrent babesiosis in calves
 

recovering from anaplasmosis, and concurrent anaplasmosis in calves
 

recovering from babesiosis respectively. The calves were infected 

with A. marginale and B. bigemina by the subcutaneous inoculation 

of 5 ml of infected blood containing approximately 9.5 x 108 and 

10.5 x 108 organisms respectively. 
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/
 

Clinical manifestations of disease were mild and copsistcd 

of slight fever, poor carcass condition, poor weight gair and
 

inactivity. Hemoglobinuria was observed in one calf whic4 died
 

9 days after being infected with B. bigemina. Fever was observed
 

only in the calves which were infected with A. marginale. Poor
 

carcass condition, poor weight gain, and inactivity,were observed
 

in the control calves of Group Iand in the concurrently infected 

calves of Groups III and IV, and were attributed predominantly 

to infection with A. marginale. 

Associated with the appearance of parastitized erythrocytes 

were decreases in PCV, hemoglobin concentration, albumin: globulin 

ratio, and serum albimin, and slight increases in SGOT, serum 

bilirubin concentration, and in the concentration of Alpha and 

beta globulins: Changes associated with an increase in the number 

of parasitized erythrocytes included the appearance of reticulocytes
 

in the peripheral blood; a decrease'in the myelbid:erythr-6id ratio;
 

and increases in the concentrations of total serum proteins, gamma
 

globulins, and in serum sorbitol dehydrogenase.
 

Slight fluctuations were observed in .the total leukocyte
 

counts. A prolonged monocytosis was observed in each of the 4
 

groups of calves, while the number of neutrophils, basophils,
 

eosinophils and lymphocytes remained relatively stable.
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Dccrcases in PCV and in hmoglobin concentration wc* roro 

severe and prolonged in the concurrently infected calves of Groups 

III and IV, aid in the anaplaq7nsis 6ontrol calves of Grovp I. The 

sol.(ht dccroo.--c in l'Ckr ob erved in the babesiosis control.calves
 

of Group 1I suggcstcd the scvcro ancmic condition observed in the
 

concurrently infected calves was due predominantly to infection
 

with A. mnrginale. 

Incubation periods wcr' slightly prolonged in the concurrently
 

infected calves. The loss of viability and/or infectivity of the
 

AnaPlasma and Babesia organisms, following prolonged storage at
 

-.y9 0 probably caubod Lil 6.i-tl-j prolongcd Lncu"4-" Vmrintiq 

observed.
 

The number of parasitized erythrocytes was observed to be
 

higher in the concurrently infected calves than in the control
 

calves. The icreased number of infected red cells may have been
 

attributable to a mod6rate decrease in the ability of the reticulo­

endothelial system to respond to infection in the concurrently
 

infected calves allowing the secondary organism to reach higher
 

numbers in the peripheral blood.
 

A concurrently infected calf which 
died from acute babesiosis,
 

and 2 concurrently infected calves from each of Groups III and IV
 

were sugjocted to necropsy. The lesions obsnrved inthe 4 cuthanatized
 



127 

calvca werc moderate in oxtent and severity and it was presumed 

the calves would have survived the natural course of thq*concurrent 

infections.
 

Gross lesions observed included the presence of a moderate 

amount of yellow fluid in the peritoneal and pleural cavities; 

moderate lymph node enlargement; moderate splenomegaly and
 

hepatomegaly; renal congestion; and occasional serous atrophy 

of depot fat. Gross lesions observed in the calf which died of
 

acute babosiosis involved essentially the same organs as in the
 

euthanatized calves, but were more severe and extensive and 

included hemoglobinuria. 

Slight to moderate centrolobular degeneration and hepato­

cellular necrosis was observed and associated with hypoxia
 

resulting from the anemic condition of the calves. Kupffer 

cell hypertrophy and lymphoid hyperplasia of the splenic 

malpighian corpuscles and lymphoid follicles were observed 

and attributed to the reaction of the reticulo-endothelial
 

system to infection. Granules of hemosiderin were observed
 

tissue sections from the spleen, liver, kidney and lymph
 

nodes and were attributed to the removal of eryth
 

release of the breakdoin products of hemoglobin.
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Microscopic abnorma.itics observed in tissue sections from
 

the lung, cerebrum; cerebellum, adrenal and thyroid glands were 

slight and inconsistent, and were considered not to have lresulted 

from infection with A. marginalc or with B. biaemina. I
 

Complement fixing antibodies for anaplasmosis were first
 

observed on'days 17 to 26 PI and corresponded to the increase
 

in alpha and beta globulin. The increase in CF antibody titer
 

corresponded to the increase in gamma lobulint and persisted
 

until the concentration of garhma globulin began to recede during
 

the terminal days of the experiment. 

c,.?f" ant_ ^ or b . were first ob.qervp nn drv 12 

PI and corresponded to a general increase in the concentration 

of the alpha, beta and gamma globulins. A increase in CF antibody 

titer for babesiosis corresponded to an increase in the concentration
 

of gamma globulin. A decrease in antibody titer was observed as
 

the concentration of gamma globulin decreased near the end of
 

the experiment. 
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IlflIUOSEROLOG IC CIIAI.ACTER IZATION OF BABIS IA ARGENTINA BBES IAAND BIGE.INA 

COrI:LEMENTANTIGENS BY FIXATION GEL PRECIPITATION AND DIl'U OELECTROPHIORESIS 

INTRODUCTION 

Bovine babesiosis in Colombia causes 
economic losses. in tattle and its
 

diagnostic of the chronic stage theof disease makes it necesssary to
 
realize opidemiologic studies in order to control the disease. 
The disease
 

is produced by cross infections of B. ar&entina, B. bigemina and B. major 

(10), which sometimes are associated with anaplasmosis and trypansosomiasis
 

infections (3, 7, 11). 
 It is often difficult to obtain 
a positive blood
 

smear in the chronic stages of the disease, therefore, it is necessary to
 

obtsin- specific antigons for the 
 serologic tests such as complement fixa­
tinn (T.') and gc 1 p,-n 4 pitat .- " ) 1- detect ,, of ibo.,,
( different t 

against the parasite. .,, 5, 8).
 

This work was real_. -d in-the Laboratorio de Investigaciones MC-dicas 
Veterinarias with the cooperation of the Texas A & M University Mission 
in
 

Colombia and had the following objectives: 1) to obtain specific antigens 
for the serologic CF and GP diagnosis of B. bW.emina and B. argentina, (2)
 

to compare the antigenicity by serology and cross immunity in calves infec­

ted with B. bigemina and B. argentina. 

MATERIALS AND IMETHODS 

Thi-ty five calves, Holstein, 3 - 4 - months of age were bought from 

farms in the Sabana do BogotA which is apparently Boophilus microplus free. 

These calves were divided in 6 groups for serologit tests, to isolate strains 

of "to obtain antigens and for the cross immunity tests. Nine adult
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rabbits were utilized for production of antisera for the GP and ira,-auno­

elcctrophoresis (IF) tests.* 

The strains of B. bigeminn (1) and B. argentina were i1 ILed from 

splenectomizcd calves infected with B. microplus in Turip4.5ivind were 

furthter purified from other infecting organisms by rapid serial passage
 

in splenectomized calves.
 

B. bigemina and B. argentina antigens for CF were separated from 

parasitized erythrocytes by a modified method of Mahoney (6). One part 

of the antigenic fraction was lyophilized and other was frozen at -79*C. 

Soluble antigens were obtained passign'the serum of animals with an
 

acute infection of B. binemina or B. argentina through columns 'of DRA& 
-

cellulose and Sephadex G - 200. Fibrinogen was previously removed
 

from the plasma by adding slowly with continuous mixing a 1 m calcium
 

].ti'n 

CF tests with sera of carrier animals of B. argentina and/or B. bijhLemina. 

Soluble serum antigens were utilized in the GP tests of B. argentina
 

and Bv bigemina obtained from chromatography and their respective anti­

sera were absorbed. The same antigens and antisera were utilized in IE
 

during 60 minutes at 300V and 10 ma utilizing a slide box of 6 slides.
 

For cross studies, immunity 20 calves were divided into 2 groups of
 

10 each. Inoculations were made days 0 and 28 with the inoculation of
 

infected parasitized erythrocytes of 1 X 1010, 1 X 107 and 1 X 104. All
 

calves were challenged on day 176 with I X 1010 infected erythrocytes.
 

Parametdrs of CF titers, parasitemia, hematocrit, temperature and weight
 

were also determined.
 

~+.li~A ~~ch1cju mehods P31 ,) 'cr c :ut1icd r,- the 
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RESULI;L -, 

During the 14 days that the splcnectomized calf was kept in the
 

pasture adjacent to the farm, larvae were shown in the 
4th day, nymphs
 

in the 11th day and in the 14th da-y the calf showed a rectal temperature
 

of 41,4*C and 1.27. of B. 
 _gentina and cerebral babesiosis were observed. 

The crude antigen of B. arEgenti_na was more antigenic that the .four 

fractions obtained with destilled water. The fixation of the second frac­

tion was more dense and none were anticomplemontary. Of the 8 fractions
 

obtained'of B. bigamn.na, the first 
 two were acticomplementary and the 

third showed a strongest antigenic reaction. 
With the columns of the
 

anionic interchange of DEAE cellulose, the
- separation of three protein: 

peaks was found in the serum ofcalves with B. argentina or B. bigemina. 

The soluble antieen war found inHip izrfrond pr~ro"ei p r"r- the oe­

cond protein peak separated by DEAE - cellulose, the pure antigen was ob­

tained with sephadex G - 200. 

Complement fixatLon showed antibodies of B. argentina or B. bigemina 

with aspect of 2 + beginning from the sixth day post-infection and from 

the 8th day, the titers were found to be between 1:10 - 1:20. The highest 

titers were detected in the carriers. 

The antigens exhibited the strongest antigenicity when r~acted homolo­

gously, howevdr the antigens reacted slightly in a low percentage when were 

tested with heterologous sera. 

The soluble antigen of B, argentina with its corresponding antisera 

showed the strongest precipitation and two bands of precipitation. 

http:bigamn.na
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The B. biremina soluble antigen reacted slightly, and only two
 

precipitation bands were observed on the agar. 
Both showed j slight
 

precipitation of antibodies in the sera of animals recovereofrom
 

babesiosis. In inmnunoelectrophoresis, both antigens had a alight mobility 

toward the negative pole and reacted with well defined archs.
 

In the cross immunity stftdies, LB. argentina caused the strongest
 

clinical reaction.
 

Please see attached tables and graphs for results.
 

DISCUSSION
 

Two types of antigenic characteristics were found: 
 (1) species spe­

cific or distinct antigenic and characteristics for each species of or­

ganism (2) common genus or similar antigenic characteristics for both 

organisms. In addition, two groups of calves were infected with Babesia 

bigemina and Babesia argentina respectively, and 176 days after infection,
 

they were challenged with the same and alternate parasites. It was found 

that Babesia jigemina and Babesia antina 
parasitcs gave partial cross­

protective immunity aainst one another., 
and B. argentina gave more pro­

t ctive immunity against B. bigniina than the contrary, therefore vaccines 

for protection against babesiosis should include B. argentina rather tha: 

B. bigemina. 
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B.argentina Y f.bigemina 

196 SUEROS N.ara. VS W,-._. . 200 SUEROS B.bi. VS AG-P.big. 
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26 

23 

15 

10 

-
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3+ 

ac 

1:5 

-1:20 

1:40 

1:80 
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CAR ,CTERISTICAS DE LA INFECCION POR Babesia bi e, ina Y POR Babesia argentina 

OBTENIDA CON 
I X 1010, I X 107 Y 1 X 104 GLOBULOS a lvlSi,-Wos
 

I N 0 C U L 0 

1 X 1010 

1 X lU 

Io4 

PARAS ITADOS 
INOCULADOS 

Bb Ba 

3/3 2/2 

3/3 3/3 

0/4 2/2 

PE' IODO 
PREPATENTIE 

(DIAS) 

Bb B 

2.0 3.0 

5.7 3.0 

- 4.0 

VAIi*\ 
PAPiSIT :MIt 

( % ) 

Bb Ba 

3.2 0.005 

0.03- 0.003 

0.001 

TE,%PEPA TUFA 
MXIMA 

(c) 

Bb Ba 

41.5 41.7 

40.5 41.6 

39.7 41.4 

} E.ATOCR!TO 
MINItO 

() 

Bb a 

18 11 

27 . 17 

27 18.5 

T I T U L 0 
. A X I H 0 

F.C. 

Eb a 

1:320 1:160 

!:16o 

ANe. 1:649 

(560c X 35f) 
10l 
2/3 4.5 0.004 41.1 18.5 1.120 

* UNICAM-NTE E.N Babosia argentina. 

%.o
 



PASAJES RAPIDOS BABESIADE ___ bigcmina Y BABESI, argentina EN TERNEIOS ESPLEhuSCO0IV:Z.CS 

CON 1 X 106 GLOBULOS ROJOS PARASITADOS 

PASAJE No. I I 0 C U L 0 PERIODO PREPATEMiE P A R A S I T E i A
Bb Ba Bb Ba Bb 
 Ba 

1 10 ml.I.V. 100 ml.I.V. 36 b. 7 dias 1.5 0.001.
 

2 12 ml.I.V. 50 ral.1.V. 30 h. 
 4 dias 0.5 
 0.01 

3 **12 ml.I.V. *15 ra.I.V.- 24 h. 4 dias 0.1 70.3 

4 12 ml.I.V. 1 13 ml.I.V. 37- 3. 4 dias 0.1 0.2 

5 * 12 ml.I.V. 101 ml.I.V. 7A . 4 dA'as 0.01 0.03
 

* GXGITETPACICLNA 

http:ESPLEhuSCO0IV:Z.CS


Figura 19. Promedio del Titulo de la Fijaci 'n del Complemento, del %de eritrocitos para­

rectal y del increm-nto desitados, del % del hematocritos die la temperatura 

peso diario de 2 terneros inoculidos ( I) ( Ba ) con 1 X 101 0 eritrocios ps-a­

sitados por B. argentina y 4 seznas uros tarde con una descarga (D) (Ba) con 

1 X 1010 eritrocitos parasitados por B. r[,entina. Las lineas verticalcs rmes­

mnnimas y m ximas de los valores en el parcmetro en lostran las fluctuaciones 


dias sefialados.
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Figura 20. 	 Proimedio del tit-alo de la Fijazi£6n del Complemento, del f de eritrocito3 

parasitados, del f del hemtocrito., de la temperatura rectal y del incre.mento 

de peso diario de 3 terneros iaoculados ( I ) ( Ba ) con 1 X 107 erlitrocitos 

parasitados por B. arsentbia y 4 semnanas mvs tare con una descarga ( D ) 

(Pa ) con 1 X 100 eritrocito3 parasitados por B. argentina. Las lineas 

verticales muestran las fluctuaciones mniiwas y ~x:Lmas de los valores en el 

parc'-etro en loa dfas ser-alado3. 
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Figura 21. 	Promedio del titulo de la Fijaci6n del Complemento, del % de eritrocitos 

paras itados, del %.del hematocrito, de la teniperatura rectal y del incre­

mento de peso diario de 2 terneros inoculados ( I ) ( Ba ) con 1 X 104 

eritrocitos parasitados por B. argent'na y 4 seanas rnks tarde con una 

descarga ( D ) CBa ) con 1 X ].01 0 eritrocitos parasitados por B. argen 

tina. Las ilfeas verticales raestran las fluctuaciones inLimas y mxi'ras 

de los valores en el paxftnetro en los dfas sefalados.
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Figura 22. 	 Promedio del titulo do la Fijaci6n del Complemento, del X de eritrocitos 

parasitados, del X del hematocrito, de la temperatura rectal y del incre­

mento de peso diario do 3 terne ros inoculados ( I ) ( Ba ) con 1 X 1010 

eritrocitos parasitados por B. argentina e inactivados a 56°C por 35 

minutos y 4 semanas ags ta-rde con una descarvza ( D ) ( Ba ) con 1 X 1c1 0 

eritrocitos parasitados por B. argentina. Las Ilneas verticales muestran 

las fluctuaciones mthimas y r--xis de los valores en' el pargmetro en los. 

dias sefialados. 
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Figuza 23. Promedio del titulo de la Fijai6n del Complemento, del % de eritrocitos 

parasitados, del X del heu.atoc:cito, de la temperatura rectal y del incre­

mento de peso diario de 2 texn,3ros inoculados ( I ) ( Ba ) con 1 X 1010 

eritrocitos parasitados por B. argent na, 4 serznas mgs tarde con una 

descarga ( D ) ( Ba ) con 1 X 101 0 eritrocitos parasitados por B. argen 

tina1 y 4 meses despuds una se-,nda descarga ( D ) ( Bb ) con 1 X 1010 

eritrocitos parasitados por B. bigemina. Las lineas verticales muestran 

las fluctuaciones minimas y m-lixias de los valores en el par3metro en 

los dfas sefialados.
 



16040 
i1320 

140 

120. 
110*-

Neg. 
0~100 

P 10 

•" 

. . 

off 

Wit, 

38., 
37 

, 

0I­

• .2 

-20 -21 -­

t 

7 

mlr r:I-mt ir' . .nT n 

0 7 14 21 23 

I jA ~Inrr'riT 1 ~ ramrnrjlnc ,O r.rn~. ,, 

3S ,2 4-3 S3 77 

m r t 1 : 

Do 

Trl l" ''~ L i 

;01 

.'* l~i Tj.TTr 

Ic 

311f'trr t im~i'N 

131 

rii n 

95 

ir" . 1 
" t 

761 

, 

M M "A 2C 

0i03. 



Figura 24. Promedio del tftulo de la Fijacidn del Complemento, del % de ..-
Ttrocitos
 

parasitados, del % del hematocrito, de la temperatura rectal y del incre-. 

mento de peso diario de 2 ternercs inoculados ( I ) ( Bb ) con 1 X 1010 

eritrocitos parasitados por B. bigemina ., 4 semanas rxls tarde con una 

descarga ( D ) ( Bb ) con 1 X ICI0 eritrocitos parasitados por B. ar 

gentina. Las lfneas verticales, mmestran las fluctuaciones minkmas y 

m~ximas de los valores en el pargmetro en los dias seiialados. 
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Figura 25. 	 Promedio del tltulo de la FiJa:i6n del Complemento, del % de eritrocitos 

parasitados, del ,0del hematocrito, de la iernperatura rectal y del incre­

mento de peso diario de 2 temn..ros inoculados ( I ) ( Ba ) con 1 X 104 

eritrocitos 	parasitados pox B. argentina, 4 semanas m~s tarde con una 

descarga ( D ) C Ba ) con 1 X .01 0 eritrocitos parasitados por B.. 

tina y 4 meses despuis una se-unda descarga ( D ) ( Bb ) con 1 X 1010 

eritrocitos parasitados por B. bigemina. Las l1neas verticales muestran 

las fluctuaciones ~nL-.ias y de 103 valores en el pardrietro end:inas 


los dias sefialados. "
 



S1:160 

S1:10
 
1:5­

- 100 

0-M 

450 
20 7 ~~ 3-QAI~-721 £.)~Tln 

42-~2C 
41c 



Figura 26. 	Promedio del titulo de la Fijai6n del Complemento, del % de eritrocito3 

parasitados, del A del hematoc:cito, de la temperatura rectal y del incre­

mento de peso diario de 2 tern3ros inoculados ( I ) ( Bb ) con 1 X 104 

eritrocitos 	parasitados por B. bi;emina, 4 semanas m~s tarde con una 

descarga ( D ) ( Bb ) con 1 X 101 0 eritrocitos parasitados por B. 

mina y 4 meses despuds una seginda descarga ( D ) ( Ba ) con 1 X 1010 

eritrocitos 	parasitados por B. argentina. Las lIneas verticales muestran
 

las fluctuaciones m~nimas y irTaS de los valores en el parametro en los 

dias sefialados. 
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Figura 27. Promedio del titulo de la Fijaci6n del Complemento, del 7.de eritrocitos 

parasitados, .del Z del hematocrito, de la temperatura rectal y del 

iucremento de peso diario de 3 ":erneros inoculados ( I ) ( bb ) con 
1 X 10 eritrocitos parasitados por B. bigeina, 4 semanas v~s tarde 

con ua descarga, D ) ( Bb ) con 1 X 1010 eritrocitos parasitados por 

B. bigemina y 4 meses despu~s una seunda descarga ( D )(Ba ) con 

i X 10i 0 eritrocitos parasitado:; por B. argentina. Las Ifneas vertica­

les mestran las fluctuaciones m-ithmas y jrfximas de los valores en el 

parxmetro en lo3 d[as sefialados.
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r *'a 28. Proiedio del titulo de la Fijaci6n del Complemento, del X.de eritrocitos 
parasiL-Lt%. del Yo del heratocrito, de la temperatura rectal y del incre­
mento de peso diario de 3 terneros inoculacub - Ba ) con 1 X 1010 
eritrocitos parasitados por B. argentina e inactivados a 560 C p, 35 
minutos, 4 seiranas rafs tarde con una descarga ( D ) ( Ba ) con 1 X lo 
eritrocitos parasitados por B. argentina y 4 meses despu~s una segunda des­
carga ( D ) B conBb) 1 X 1010 eritrocitos parasitados por B. bigemina. 

Las lfneas verticales muestran las fluctuaciones"mnlimas y rffxijnas de
 
los valores en el parg-atro en los dfas sefalados.
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Figura 29. Promedio del titulo de la Fijaci6n del Complemento, del X de eritrocitos 
parasitados, del X del hematocrito, de la temperatura rectal y del incre­

mento de peso-diario de 3 terneros inoculados I ) ( Bb ). con 1 X.10 1 

eritrocitos parasitados por B. bigemina e inactivados a 56 0 C por 35 mi­
nutos, 4 semanas mgs tarde con una descarga ( D ) ( Bb ) con 1010 

eritrocitos parasitados por B. bigemina Y'4 meses despuds una segunda 
descarga ( D ) ( Ba ) con 1 X1010 eritrocitos parasitados por B. 
argentina. Los 3 terneros fueron negativos hasta el dia de la p~imera 

descarga ( N ) . Las lineas vexticales muestran las fluctuaci6nes mini­

mas y mraximas de los valores er. e. parmetro en los dias sefialados. 
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The In Vitro Cultivation of _Babcsia bi.,eiiina Utilizing Bovine Cells in Culture. 

INTRODUC'T ION
 

The host specificity of t. jiig.emina 
limits research efforts
 
ue 
to the use of expensive cattle as experimental animals, and
 

because of the difficulty of interpreting data obtained riith
 

a limited number of animals. An in vitro cultivation system
 

ipuld be beneficial to the study of B. bi~remna.and would
 

cntribute to our nimowledge of the host-parasite relationship
 

as well as adding important information concerning the life
 

cycle of the parasite in the vertebrate host, Such studies
 

could lead toward more rational methods of prevention, treatment
 

and chemotherapy of bovine babesiosis. 
An in vitro tissue
 

culture system would be useful for the production of an offective
 

va.clne or as an adjunct to premunition methods (22).,. The 

information acquired and the technics developed during the
 

present project could conceivably be applied to the study of
 

other important Zacbesa 

Tissue culture methods and technics have been applied 

most commonly with viruses; however, they have also been 
employed for rickettsiae, mycobacteria, mycoplasma and many
 

parasitic protozoa (1?)..
 

AnaDolnma organisms, generally c6nsidered of the rickettsiae 

group, are one exemple of an intracellular blood parasite grown 

in vitro. In 1953, Rossi t al. used a procedure to maintain 
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e'ythrocytes and was able to demonstrate an initial. Incretse 
ill the percentage of the cells infected with Annplasma m-rinale; 

hiwever, the number and percentage of infected erythrocyt3s
 
doolined 
over the period of a week (21).. In 1966, Zablotskii 

e.1.
a used Ananlasna ovis infected sheep blood to inoculate
 
mobolayers of human liver cells and 
 monkey kidney cells. (32). 
After 3 days, the number of infected sheep erythrocytes in the
 
culture medium had doubled in number, while the monolayers
 

remained uninfected.
 

Theiler-ia are 
 intracellular blood parasites which are. 
classified similarly to the genus !BqbqLa. One member of the
 
genus, Telieria 
 ra is the etloLogi c agent o' easr Uoasr 
Fever in Africa, and has a relatively rigid host specificity.
 

Due to its host specificity, pathogenicity and certain features
 
of its life cycle which are often compared to those of Plasmodivm
 

and a i, it has stimulated much interest and has been the 
object of much research activity, such as in vitro cultivation (30). 
Some of the early culture work by Tsur with Theilerl in 1945 
resulted in limited survival of the organism up to 18 days without
 
multiplication (23). Attempts to cultivate T. parva in splenic 
explants in plasma clots were reported by Tsur et al. in 1957 
(24). A year later, similar work with Theileria annu2at;a and 
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e o..
C3 lVl"dil i 1 1t:: o' i)iI'cot, d ::til.l; ioiid y h, i'odc1:, yCt 

t ey ivere unable to trOnmit the infection to unlifected tissue (2)
 

The first practical use of the in vitro cultivation system was
 
made by 11awkings in 1958, in testing for chemotherapeutic
 

activity of compounds against T, annLata 
 (4).. 

In 1959, .Tsur et a_.. demonstrated the development and
 

multiplication of 1*och bodies of T. a.-O 
 atr and T. 2rva
 

for 6 serial passages in rodent splenic tissue cultures for
 
.2 months (25). 
 They also showed that the 5th passage material
 

was infective for a susceptable calf. The schizonts of T.
 

nnnulata and T. nxjr 
 were cultivated by Tsur et a. in a
 
monolayer tissue culture system (26). 
 In 1964,. the mode of
 

multiplication of the Theilria in cultures of bovine lymphocytic
 

cells was studied by Hulliger et al.(7). Additional research
 

on the cultivation of Theileria has been reported (8,27,28,33,34).
 

Other studies were made concerning the transition of developmental
 

stages of T. _arv.: in tissue culture systems at different. 

"temperatures (9).
 

An attenuation of the virulence of T. annulata in tissue
 

culture was shown by Tsur et pa and Hooshmand. a. (29,6).
 

Malmquist et al, made an 
important contribution in 1970 by the
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qc1tivation of bovine spleen coll lines infected and tranformed
 

byT. prv'vn (16).. The syrtcn was sibscequent).y uned as a 'ource 

olr 1io11 u1 for iimiunli."ationgninri; Bkuct Coast Fever by ,Brown 

-.
a~l, (3). 

P3ocedurei The spleen and lymph nodes obtained from Holstein-

Pr esian calves of either sex, 4-6 months of age, will be used 

for primary cultures. The calves will be obtained in Colombia,
 

South America, from areas considered hemoparasite-free. Each
 

calf will be examined heinatologically for trypanosomasis, 

bibesiosis and anaplasmosis by Gicmsa stained blood smears(ll),, 

and spon~inl fr b bsj-c mrr crplo cl'- noice ne 

fixation methods (5,13,1).. Also, pooled blood samples from 

these calves hill be subinoculated into susceptable splenectomized 

calves. Calves found to be free of hemoparasites will be used
 

throughout the experiment as tissue donors and susceptable
 

animals.
 

Two groups of tissue donor calves will be used, (a)
 

noninfected calves and (b) calves infected with a purified
 

Colombian isolate of B. biLgemina. Infection of the calves with
 

B. blgemina will be either by blood inoculation or by natural
 

transmission u.sing singularly infected Boophilus microplus
 

ticks (10,14). The 2 organs will be collected aseptically by
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.opsy or at post mortem at the time of peak parasitemia. The
 

oplls will then be dispersod by physical means described by
 

laNmquist et i..(15)' or by standard emzymatic means utilizing
 

tx psin. The dispersed cells will be suspended in a growth
 

type medium, consisting of Eagle's Minimum Essential Medium
 

with Earle's Salts supplemented with fetal calf serum, 'non­

essential amino acids and vitamins, and inoculated into culture
 

vessels and incubated at 37C. Monolayers of cells obtained
 

will be subcultured at regular intervals depending on the time
 

required to reach confluency. In addition, cells growing
 

el~a"P i.n t-he modivon--il----------- ured n" tr-ne-fted 4" 44%, 

same manner as monolayers. 

On the 1st, 6th and each 5th subculture thereafter, samples 

of noninfected cells and infected cells grown on cover slips 

in Leighton tubes as well as cells growing suspended in the medium 

will be stained and compared for evidence of infection. Three
 

staining methods will be utilized. The first method will be
 

Giemsa stained slides for the morphology of. the cells and
 

parasites (11), with bright field microscopy. The second 

method will be a vital staining technique using acridine orange 

(31.), with fluorescent microscopy. The thir'd method will be
 

an immunofluorescence technique utilizing either a direct
 



166 

fJ.uorv;..cent antibody rtni..ng proccduro dencribed by Ludford
 

'n 1909 (12), or an inri.rect f].uorcscent antibody staining
 
tq::l; u,.': i,,; a 
 10l fleti;joi of n mothod described in 1968 y
 
Rss et ,. (20). Prom the 
 same passage levels, a sample of 
toe cells will be suspended in a growth medium with a protectaht
 
added and held under liquid nitrogen until needed in case of
 

contamination 
 or other loss of cells. 

A biological assay for infectivity will also be performed 

on the infected cells at the time of the 1st, llth and. 2 1st 
subcultures. 
A sample of cells will be suspended in a balanced
 
ra1t nontiirlnn arrl iiqArl 1fr thce ubnnt.aeoiis Tnonulation of a
 
susceptAble, splenactomized 
 calf. The roqponse of the calf to
 
the inoculumn will be assessed in the 
 following manner. The
 
calf will be subjected 
 to daily clinical examination. The
 
rectal temperature will 
be taken and recorded at daily intervals.. 
Blood samples will be obtained for preparing thin andthilck 
blood smears and stained by Giemsa and acridine orange technics. 

.Collected serum samples will 'be titrated for specific complement­

fixing activity against B. biromina, The inoculated calf will 
be back-challenged on day 28 with infected blood containing 
109 organisms.to establish if the calf is resistant to the same
 

B. bicmina as a result of the in yitro inoculum. 

http:organisms.to
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RESULTS
 

Cell lines; derived from lymph nodes, hemal lymph node and spleens of
 

cxperimentally infected and non-infected calves, have been itablished.
 

First passage 9 hour cell lines derived from infected calve' were inocula­

ted into susceptible splenectomized calves and demonstrated to be infective,
 

indicating that the organism survived the tissue processing method. Like­

wise, the second passage 22 day old cell line derived from infected calves
 

was demonstrated to be infective in susceptible splenectom.ized calves,
 

indicating that B. bi~amina at least survived for 22 days and may have
 

even proliferated. Approximately 15 passages will be done at 2 weeks in­

tervals with further verification of infectivity in susceptible splenecto­

mized calves.
 

Cell lines derived from normal non-infected calves were innoculated
 

with bovine blood infected with B, bijamina and the organism was observed
 

on Giemsa Stained coverslips covered with the tissue culture material for
 

up to 10 days. In the second passage of this inoculated cell lines as
 

well as that from the cell derived from infected calves, an organism has
 

been observed in 22 tp 43 day old cultures. The organism occurs intracy­

toplasmatically and often impinges on the nucleus of infected cells. Appa­

rently, it first appears as 10 to 18 microns spherical or ovoid vacuollar
 

morula-like structureswith a dark basophilic limiting membrane. Later, 

the morula can be seen to contain several smaller reddish-purple organisms 

or outlines of organisms. Finally, the morula ruptures and up to about 

40 small 2X3 microns banana shaped organisms with a central dark basophi­

lie 'i' is',tl nnl ipI' h-'nh 1 I I :ympunpo1 can 1w' . ub i.nuo¢tuIl,-It' tbu, hrII ,,rvs' * 

Lion of these orgnnisms into susceptible splenectomized will be performed
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to dntcurminc if they arc infective. The classification and )axonomy 

of thoso orgnnisins remains to be clarified. 
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A1C'tr' .. E " WITH ;L;VCTED ART..CVPREIMUNIZATION OF CATTLE AGAINST I'AII"S)A 

OF TICK ORIGIN 

INTRODUCTION
 

Due to the rapid increase in world population and industrializaLion of
 

many subsistance agricultural areas, an increase in agricultural production
 

in developing areas of the world is becoming more important, The largest
 

One of the major pro­percentage of developing countries is in the tropics. 


blems faced by emerging m tions is that of access to adequate sources of
 

22
 
protein. One source of readily acceptable protein is beef.
 

Hemotropic diseases have limited the production of beef in tropical and
 

otehr regions. Babesiosis is one of the most wide spread and costly disease
 

2 2
 

of cattle in the 
world.


Many investigations have been concerned with immunity to babesio~is. A
 

state of premunition or co-infectious immunity acquired naturally by cattle
 
16
 

in enzootic areas or induced by the injection of blood from infected animals
 

has been the most successful approach in the reduction of fatalities from
 

3,8,14,34,38
 
babesiosis.
 

One of the most spccessful vaccines against Babesia argentina is that
 

10, 24 
used in Australia, which was developed by Callow and Mellors and induces
 

premunition against B. arnentina by the injection of blood containing appro­
77
 

ximately 107 organisms as a standard dose. The administration of this type of
 

vaccine, in the absence of natural tick transmission may have to be repeated.
 

An undesirable sequela to blood inoculation is the occurrence of neonatal
 

11,19
 

immunohomolytic anemia. Inoculation of bovine blood into cattle has the
 

inherent risk of disease transmission. A further possible disadvantage of
 

blood passaged Babesia is a reduced ability of these organisms to infect
 

26,31
 
ticks. The loss of infectivity to ticks would be an advantage in an
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:;I'I c ;,,n cc,', Nir:h,)it, v:1wrt, prot.oJon jr depenclent on re-exposg re, it is 

bcst obtained by natural tick transmission. 

The only non-bovine tissue in which growth and development of he Babesia 

prganism occurs is the tick. The ability of Boophilus microplus to act as 

host in which growth occurs, increases the likelyhood that concentration 

nd possible increase of antigenic units may occur in tick tissues. 1 
17
 

Changes in the virulence of Babesia occur when blood is serially passaged.
 

1 as much as development takes place in the tick, it is less likely that chan­

ges in virulence of the organism would take place.
 

Tick materials have been injected into cattle in an effort to infect them
 
12,33 23,29,35,36
 

with babcsiosis or other bovine hemoparasites. Success has not
 

been recorded using tick tissue as a source of infection in bovine babesiosis,
 
12,33
 

however, the trials were not entirely conclusive.
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Procedure
 

A strain of Boophilus microolus ticks free of detectable bovine 4emopara­

s~tes will be obtained from Colombian strains isolated by others. Ilf such ticks 

P not availabl, collections will be made of replete female ticks which have
 

fqf on animals not known to have been infected with bovine hemoparasitcs. The
 

hosts must show no evidence of infection with bovine hemoparasites on exami­

n~ion of bleed smears and have negative complement fixatioi. tests to ana­

plasmosis and babesiosis. Proof of non-infectivity will be demonstrated by
 

feeding the progeny of the ticks on succeptible splenectomized calves, If no
 

evidence of hemotropic disease is noted in the host calf after 60 days, the
 
5
 

r2 tick generation will be considered bovine homoparasites free. 

Adult female B. microplus will be infected with B. argentina by feeding 

them on infected cattle. An alternate method of enabling ticks to ingest pa­
4,30 

rasitizpd cells is the capillary feeding technique. The ticks will be 

checked for infectivity by grinding larvae from I gm. of eggs (approximately 

20,000 larvae) with a mortar and pestle with crushed glass fragments in a 

medium consisting of Eagle's minimal essential media with Earl's salt solution 

and bovine serum albumin. The.mixture will be allowed to sediment for 

approximately one hour at 40C. and the supernate removod by vacuum. 
9 

The su­

pernato will be injected into splenectomized calves. 

The larvae used to determine infectivity will be injected into the calves 

at the following developmental stages: 

1. One week following 3arval emergence from the egg. 

2. Four weeks following emergence from the egg.
 

3. Four days after commencement of feeding on a non-infected calf.
 

*Texas A & H Institute of Tropical Veterinary Medicine.
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4. One W:nk ofter ccmn.enccment of feeding on a non-infccted calf (following 

larval moult).
 

5. Two wecks after commencement of feeding on a non-infected calf Jfollowing 

nymhpliai moul t) .
 

di: in incj bovi e scrum.32
 , 1olr dnay ; ifter 

7:1 I.'otir to :;"ven d;,y:n after cumniiu-iceme lit of feeding on abnormal hsj t. ch as 
20
1,15 37 


rabbits guinea pigs, 
or chicken embryos. Providing that sufficient
 
6

numbers of larvae can be raised on these hosts.
 

A number of ticks will be allowed to remain attached to the non-infected calf, 

to'serve as a control of infectivity of the strain of tick used.
 

A homogenized tick supernate which is successful in infecting cattle will
 

be prepared as incicated earlier and frozen in liquid nitrogen using a diluont
 
2,9


of glycerol and bovine fetal serum. 
 After being frozen for at least one week,
 

a portion pf the supernate will be thawed in a water bath and injected into a
 

sI.I.. ,,.% calf tZO -=L..j4-j..LAici. J.U AJAA UJ. LaAc u. B.asaujG L v.L#I.3.L.Ly 

The larval antigen will be titrated for infectivity in at least four
 
-3 

groups of two calves each. An arbitrary dilution of 10 
 will be used as a
 

starting point and ten-fold dilutions will be used, which will be increased
 

or decreased depending on response of the initially infected calves. 
Titra­

tion will be based on the relationship of volume of innoculum and incubation
18
 

period.
 

Infection in calves will be determined by; exahiination of thick and thin blood
 
20
 

smears for the presence of Babesia organisms, complement fixation, packed cell
 

volume and temperature variation. 
The end of the incubation period is considered
 

to be when the calf exhibits a parasitemia on examination of a thick or thin
 

blood smears or by a rise in adjusted morning temperature to 40.50 C. or higher.
 

http:v.L#I.3.L.Ly
http:scrum.32
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If a spread is noted in the length of incubation periods, a regression
 

coefficient will be calculated to see if a correlation exists botween the
 

size of innoculum and incubation period. If a significant correlation exists
 

a ffeorctical infective dose in non-titratd material can be estimatedt, By 

us$ of the regression coefficient based on incubation period, the infectivi­

tyf various infected tick tissue can be estimated. 

In conjunction with the infectivity trials and titration& the tick Babe­
27
 

sia antigens will be evaluated quantitatively by gel diffusion .and comple­
21
 

ment fixation.
 

The protective response elicited in cattle by use of viable Babesia anti­

gens from tick tissue hemogenate will be determined. Premunized calves and
 

controls will be challenged by placing 40,000 infected larvae on the back of
 
16 

each animal. Response by the various groups will be based on clinical and
 

laboratory examinations. Data derived from these experiments.will be evalua­

ted to determine if field testing would be worthwhile.
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RESULTS
 

Preliminary results indicate that all attempts to transtritt babesio­

sis with tick origin material have failed, most probably due',to the 

small numbers of infective pa)rtilcles (vermiculi) in the gound up tick 

supernatent. Further studies are in progress to produce higher B:lbesia 

argentina infections of Boophilus microplus ticks. Much higher 

Babesia infections of the ticks have been obtained and are now being
 

processed and injected into susceptible splenectomized calves to verify
 

infectivity.
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A COMPARISON OF TH1E ANrIGENIC PnOP|RTIES OF ERYTIMOCYTIC MASjA E'.)'A 

IN ACUTE AND CIIRONIC BLOOD BORNE AND TICK BONE INFECTIONS 14 CAT'LE 

INTRODUCTION
 

Immunity induced by parasitic protozoa has many comm,on fpatures with 

that of other infectious organisms, however, due to the complex life 

cycles of protozoa, a simple reaction of the host to' a single stage of the
 

parasite'is not the case. 
On the contrary, a variety of immunological
 

responses are evoked by the various tissue stages of the organism in the
 

invertebrate host as well as in the vertebrate host by"the final products
 

circulating in the blood; in some instances by .the 
continually changing 

antigenic pattern (Neal at al., 1969). 

Curnow (1968) indicated that possibly antigenic variants occurred 

in one or more stains of Babesia arentina arising by a process similar 

to that demonstrated by the agglutination test in chronic Pl'ismorlium 

knowlesi infections (Brown and Brown, 1965). Antigenic variation has 

not been concretely 'demonstrated in Babesia. 
 Evidence that different strains
 

of the same species do exist arose because the movement of cattle in
 

Australia from one locality to another were 
followed by an outbrea of
 

babesiosis in previously immune cattle (Seddon, 1952). This suggests by 

analogy with trypanonomal and malarial infections that antigenic varia­

tion of Babesia after the acute 
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infection does occur.
 

With respect to Bhbesia antigens, the majority f the
 

research has been done on blood borne bovine babesio is and
 

the minority on the tick borne infections. Such exp:briments 

usually provide information applicable to the disease as it
 

occurs in the field, but most of the life cycle of Babesia
 

species occurs in the tick vector (Rick, 1964), thus one is
 

probably oxamining an altered paran:ite when studying blood
 

borne infections. It is apparent that such experiments
 

should be confirmed with tick borne infections (Brocklesby
 

et L., 1971).
 

The purpose of the present study is to determine possible
 

antigenic differences in the acute and chronic blood borne and
 

tick borne Babesia bigemina infections of cattle. It. is 

anticipated that the results of the present research will
 

further aid in the understanding of the mechanism of immunity
 

and possibly show that an antigenic pattern (shift) exists 

as it does with other Babesia species as described by Sibinovic 

et al., (1967) and Ristic et al., (1971). In addition, the 

antigens may possibly be used in the d'evelopment of'new se­

rologic techniques or vacines.
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MATERIALS AND 1'ETHODS 

Experiment l. Experimental Animals
 

A total of 61 four-month-old Holstein-Friesian calves,
 

a mixture of males and females, will be purchased f 'om the
 

Noviciado Farms, Cota, Cundinamarca in the Savannah of Bogota,
 

an area free of Boohilus microplus. At approximately 4 months 

of age, after insuring they are free from hemotropic infections
 

by utilizing the complement fixation test (CF), packed cell
 

volume (PCV), blood smears and subinoculation, they will be
 

sent by air freight to Turipana. The calves will be experi­

mentally utilized as depicted in Table 1. 

Ta a. Number cOf xeii l Calves w Lh R Lu 

the Part of Utilization.
 

Materials and Methods. 
 No. of calves No. of calve4
 
(Experiment) (Splenectomized) (Intact) 

2- Purification of b. mimina 6 1 

3- Obtain clean B. microlus 5 0 
4- Obtain infected B. microelus 3 0 
5- Blood borne infection 0 5 
5- Tick borne infection 0 5 
5- Antigen production (acute and
 

chronic blood and tick borne
 
infections) 
 4 - ­

8- Host response to erythrocytic

B. bigemina antigens 0 32
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Six male and 6 female guinea pigs wi.l be obtatned from 

the colony at Laboratorio de Investigaciones.Medical
 

Veterinarlas-Instituto Colombiano Agropecuario, Bo ta and
 

transported to Turipana where they will be housed in pens
 

constructed on the floor for later use in experiments 3 and 4.
 

Twenty New Zealand White rabbits, 3 to 6 months, will be
 

purchased from a local supplier and used for the production
 

of antiserum for serological tests as outlined in experiment 7.
 

Experiment 2. Isolation, Purification and Maintenance of
 

B. bigemina
 

Babesia bigemina will be isolated from the blood of acutely
 

infected calves which will be exposed to field challenge with
 

infected B. microp).us in Tu'.ipana. The infected blood will be
 

rapidly passaged through 5 splenectomized calves free of hemo­

tropic diseases (Sergent et al., 1933; Callow and Hoyte, 1961).
 

The purity of the Babesia isolate in the 5th splenectomized
 

calf will be ascertained by subino.ulation of the blood into 

an intact calf and a splenectomized calf which will be monitored 

weekly for 3 months by the following parameters: CF test, .PCV, 

and blood films (thick.and thin). The calves should have a
 

pure infection with B. bigemina without other blood contaminants.
 

To maintain the isolate for further use, the blood will be
 

collected in sterile 2 1 Erlenmeyer flasks using 1.2 g/1
 

http:microp).us
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isodium ethylcnediaminotetraacetate (EITA) as an anticoagu­

lant. It will then be mixed with 11.6, sterile glycFrol in
 

100 ml aliquots and incubated for 30 minutes at 4 C. After
 

incubation, the blood will be stored in a REVCO Ultra Low
 

temperature freezer or Dry Ice cabinet at -70 C (Freiqichs et
 

al., 1968; Pipano and Senf , 1966).
 

Experiment 3. Isolation, Purification and D.aintenance of
 

B. mlcroDlus
 

Engorged adult female B. mic!.oplus ticks will be collected 

from adult cattle in Turipana and allowed to deposit eggs which 

will'later hatch to larvae. The engorged females, which 

deposit approximately 2,000 eggs, will be maintained separately 

so that the progeny of each individual adult will be known. 

The 10,000 larvae from each of 5 adult females will be placed 

on the ears of each of 5 splenectomized calves free of hemo­

tropic diseases, hence, 5 adult females will be screened for 

the absence of Babesia infection. The splenectomized calyes
 

will be'monitored weekly for 3 months by CF testing, PCV, blood
 

smears and subinoculation to verify the abscence of other hemo­

tropic diseases, at which time, the ticks will be considered'
 

to be noninfected.
 

The noninfected B. rnicroolus ticks will'be maintained by 

feeding bn'disease free guinea pigs and cattle. Some of the 

ticks will be kept in desiccators, using different humidities. 



produced by various solutions and temperatures in order to
 

maintain them 	for long periods without feeding (Roby.,e al.,
 

1964).
 

Experiment 4. 	Infection of B. microplus free of B. bigerina
 

Approximately 5,000 to 6,000 uninfected B. microolus
 

larvac (experiment 3) will be placed on the bodies of 3
 

splenectomized 	calves free of hemotropic diseases. The calves
 

will be inoculated intravenously (IV) at nymphal molt with
 

an infection dose (1 x 109 organisms) of purified 3. bigemina
 

from experiment 2. The ticks will be collected at the optimal
 

time of infection (last 24 hours of adult repletion) and
 

maintained as described in experiment 3.
 

Experiment 5. 	Acute and Chronic Blood Borne Tick Borne
 

Infection
 

a. 	Acute blood borne infection
 

Five intact calves will be inoculated IV with an
 
9infection dose 	of approximately 1 x 10 organisms of purified
 

B. bigemina from experiment 2. At the time-of maximal
 

parasitemia, the calves.will be bled, using EDTA (1.2 g/1l) as
 

the anticoagulant and the erythrocytes mixed with 11.6% sterile
 

glycerol and frozen at - 70 C. A splenectomized calf will be 

subinoculated IV with a total of 100 cc pooled from the 5 

infected calves. When the splenectomized calf has a maximal 



parasitomia, it will be cxsanguinated under general anes­

thesia using EDTA (1.2 g/1) as the anticoagulant, ad the
 

blood will be processed as described in experimcm,' 6. 

1). 	 Chronic blood borne infection 

Four months after infection the calves (experiment 

.5a) will be bled, using EDTA (1.2 g/l) as the anticoagulant 

d111 ,o.d w',:i.1 ho )PO:, e: (d iU a )WWocedUre, totl 	 d 'nt3.Cal. 

that described ip 15a. Also a splenectomized calf will be 

subinoculated IV with a total of 100 cc pooled from the 5 

infected calves. When the splenectomized calf has a maximal
 

parasitemia, it will be exsanguinated under general anesthesia
 

using EDTA (1.2 g/l) as the anticoagulant, and the blood will
 

be processed as described in experiment 6.
 

c. 	Acute tick borne infection
 

Infected B. micronlus larvae from.experiment 4
 

(approximately 10,000 to 40,000) will be allowed to feed on
 

the 	bodies of 5 intact calves. At the time of maximal
 

parasitemia, the calves will be bled using EDTA (1.2 g/l) as
 

anticoagulant, and their blood will be processed in a procedure
 

identical to that as described in 5a.. Also a spleTectomized
 

calf will be subinoculated IV with a total of 100 cc pooled
 

from the 5 infected calves. When the splenectomized calf has
 

a maximal parasitemia, it will be exsanguinated under general
 

anesthesia using EDTA (1.2 g/l) as the anticoagulant, and the
 

blood will be processed as described in experiment 6.
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*d. Chronic tick borne infection 

Four months after infection the calvcs (e1 riment 

5c) will be bled, using EDTA (1.2 g/l) as the antigoagulant 

and the blood will be processed as described in 5a Also a 

splonectomized cal' will be subinoculated IV with d total of
 

100 cc pooled from the 5 infected calves. When the splenectomized
 

calf has a maximal parasitemia, it will be cxsanruinated under
 

general anesthesia using EDTA (1.2 g/l) as the anticoagulant,
 

and the blood will be processed as described in experiment 6.
 

Experiment 6. 	Isolation and Purification of the Babesia
 

Erythrocytic Antigens
 

The method of Mahoney (1962b, 1967) for the preparation of
 

the Babesia erythrocytic antigens will be used. Blood will be
 

dravm from the 	jugular vein of the B. bigemina infected
 

splenectonized 	calves with high parasitemias (experiment 5)
 

into sterile 2 	1 Erlenmeyer flasks using EDTA (1.2 g/l) as
 

the anticoagulant. 'The plasma will be removed after cen­

trifugation and the erythrocytes will be washed twice in 

sterile physiological saline. The volume of packed erythro­

cytes will be measured and 10 times this volume of 0.355 Sodium 

chloride at 4 C will be added. Lysis will be allowed to proceed 

for 1 hour at 4 C. The material will then be centrifuged at 

5,000 g for 30 minutes at 4 C. After centrifugation, the 

supernatant fluid will be saved for further testing, and the 
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sediment, resuspended in sterile physiological saline, will
 

be used to prepare the B3be:oia erythrocytic antigen extract.
 

Distilled water extracts will be prepared by mixing I volume 

of parasite suspension (sediment) with 2 voluncs of istilled
 

water. This preparation will be shaken vigorously f r 1 to 2
 

minutes, and then centrifuged at 5,000 g for 30 minutes at 4 C.
 

The supernatant fluid will be collected and then the above
 

procedure will be repeated 6 to 8 times. The supernatant fluid
 

will be tested for antigenic activity by the slide agar-gel
 

precipitation test (Ristic'and Sibinovic, 1964) and then frozen
 

rapidly to -70 C in 2 ml amouhts and stored at this temperature
 

until used. The antigen stored by this method should retain
 

its antigenicity for at least 6 months (Curnow and Curnowv, 

1967). On the day of further processing, the material will be 

thawed rapidly by immersing the vials in a water bath at 37 C. 

Purification by means of molecular sieving (Sibinovic et 

al., 1968) and/or sucrose density gradient centrifugation 

(Brakke, 1953) will "be attempted. The babesia erythrocytic 

antigen mixture will be passed through a 1 by 20 cm Biogel P-20C 

column from.which 1 to 2 ml samples will be collected. The 

pooled Babesia erythrocytic antigen concentrated by the Biogel 

columns will be further purified by means of density gradient 

centrifugation technique. Fifty ml sucrose gradients (10 to
 

30%) will be prepared in cellulose nitrate centrifuge tubes.
 



Two ml of the Babesia erythrocytic antigen mixture iviIi be 

layered on to the gradient and centrifuged at 75,o00 at 4 C
 

for 12 hours, in an ultracentrifuge. Aliquots of 5 l's will
 

be w.ithdraw.n through the sides of the tubes at different levels
 

using a small guage needle and a syringe. Each sample will
 

be dialyzed against 0.851 saline for 72 hours to remove the
 

sugar. The sample will be tested for antigenic activity.
 

The slide agar-gel precipitation test will be used to determine 

the presence of antigens using antiserums from clinically
 

recovered calves. 
Control tests will employ the preinoculation
 

serums of the same calves. In addition, the test will be
 

used for the detection of seium antibody in the experimental
 

The Babesia erythrocytic antigens will also be characterized
 

by disc and/or agar-gel eiectrophoresis (Ornstein, 1964; Davis,
 

1964; Todorovic, 1967); direct hemagglutination (Butler, 1963;
 

Stavitsky, 1954; Curnow, 1968), 
and the CF test (Mahoney, 1962b).
 

Experiment 7. Preparation of Specific Antiserum
 

Five New Zealand White rabbits will be utilized per each
 

anti&en. Three to 7 mg/ml of concentrated Babesia erythro­

cytic antigen plus an equal amount of Freund's complete 

adjuvant will be mixed for 10 minutes and inoculated intra­

dermally (1 ml/rabbit) in the axillary and inguinal portion 

of the legs and the abdominal skin of the rabbits with a 23 
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guage noodle. After 5 inoculations (day 0, 15 and 2 with 

adjuvant and day 28 and 3 without adjuvant) the rab its will 

be bled (10 cc) from the marginal ear vein on day 45 and the 

serurn will be tested for the presence of specific ani&bodies 

by the slide agar-gel precipitation test.
 

Experiment 8. 	Host respons.e to the Babesia Erythrocytic
 

Antigcns
 

Thirty-two intact calves will be divided into 16 groups
 

of 2 and. inoculated and challenged as described in Table 2.
 

The parameters to be used to mcasure the response are
 

temperature rise, PCV, CF. and blood smears.
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Table 2. Experimental Dcsi,,rn for ]omologous Inoculation and 

Homologous and Heterologous Challenge with Viable 

Babesia bigemina Isolated from Acute and C ronic 

Blood Borne and Tick Borne Infections in Cattle.
 

10
9 

Inoculation (1 x 10 organisins) Challengo (1.x 10'
 

organisms at 4 weeks) 

8 calves-viable B. biemina 2 calves-viable B. bie­
from acute blood borne in- mina from acute blood
 
fection (5a) 	 Toric infection (5a)
 

.'2 	calves-viable B. Mge­
mina from chronic blood 
bo-rne infection (5b) 

2 calves-viable B. bie­

mina from acute tick 
o-re infection (5c) 

.2	calves-viable B. Mae­
mina from chronic tick
 
bornp infpction (5d) 

8 	 calves-viable B. bgemina 8 (4 groups of 2) calves 
from chronic blood borne will be challenged as 
infection (5b) depicted in table 2 

8 	 calves-viable B. bigemina 8 (4 groups of 2) calves 
from acute tick borne in- will be challenged as 
fection (5c) depicted in table 2 

8 calves-viable A, bizemina 8 (4 groups of 2) calves 
from chronic tick borne will be challenged as 
infection (5d) depicted in table 2 
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Preliminary results are givcn in the attached table. 

relapies h e1horparasite-Acute blood-borne babesiosis induced more 

Acute tick-borne babesiosis cause decreased
mia and higher CF titers. 


weight gains, a lower hematocrit and higher body temperatures.
 

Although this project is not complcted, it would suggest at this
 

the sametime, that should there be a difference or variation within 

species of organism. that the production of a reliable vaccine, must
 

same species of blood parasites.
incorporate all types of the 



A comparison of the antigenic propertc:: of erythrogytfc Babesin 

biLqmiuna on Acute and Chronic Blood Borne and Tick borniInfections in 

cattle. 4 

BLOOD BORNE TICK BORNE DAYS 

Recrudescense (#) 3.2 2.4 54 

Weight (Ibs) 402 378 54 

Ave. Min.
 

Packed Cell Volume (%) 19
24 
 7
 

Complement Fixation Titer 
 1/60 1/80 7
 

Ave. Max. 

Parasitemia () 0.44 
 0.05 
 2
 
Ave. Max.
 
Temperature 
0 C) 40.4 41.6 2
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J)LV:IPI-NT OF A SPECIFIC AND SENSITIVE INDIRECT FLUORESCENT ANTIBODY TEST 

FOR TIHE DETECT ION OF TRYPANOSOMA VIVAX INFECTIONS 

INTRODUCTION 

In 1961 Wells at aI. (14) conducted field studies in Colombia uti-
I : bigntd;atd'd methodo of t.ypanrosome detection (SMTD) in an attempt 

I.d d, t'nm i t.le prv.\i,1 lczc, oJ" T. vi.vwx in the Colombian depnrtments 

of C6rdoba, lNuila and Valle. The total number of cattle dtudied was 

608 distributed throughout 37 farms in 14 departments. The bulk of the 
investigation was centered in C6rdoba where 17% of 248 cattle examined 

T. ..... via
- -^- stained smear -*-,,­
technicquo is only reliable in detecting T. vivax infections in animals 

With hithI parc,-iti. The number of cattle examined in other loca­

tions ranged from 30 to 1. Although the Wells' e aL. publication gives
 

some 
idea of the prevalence and distribution of T. vivax , more exten­

sive surveys are required before an accurate assessment of the importance
 

of T. vivax in Colombia can be made.
 

The development and 
 application of sensitive
a 
 and
 
specific IFA technique capable 
 of detecting acute
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and chronic T. vivax InfcuLlons wlill greatly facilitate
 

further epizootioloj~ical studies. Combined use of the
 

IFA technique with SMTD will ascertain the status of 

bovine trypanosomiasis due to T. vlvax in a herd quickly
 

and effectively (2, 16).
 

The first successful utilization of the IFA test
 

for the detection of trypanosome infection was made
 

by Fife(5)' in the diagnosis of Chaga's disease.
 

*Sidun in 1963 (11) modified Fife's technique and success­

fully used trypanosomes in dry blood smears as antigen.
 

Using the method devised by Anderson (1) to extract
 

serum from dry blood samples, Sadun also demonstrated that
 

such samples collected on filter paper could be used in
 

IFA screening tests for human trypanosomiasis. The
 

same technique involving dried blood samples was success­

fully implemented by Baily in 1967 (2) who utilized a
 

less Involved method of extracting serum from the
 

samples. The use of dried blood samples eliminates
 

the need for rapid transport of refrigerated samples
 

from remote areas to central IFA equipped laboratories.
 

Cunningham in 1966 (3) and Wilson in 1967 (15) 

applied the IFA test to the detection of bovine try­

panosomiasis. The principal difficulties encountered 

thus far have been the assessment of the degree of 
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fluorescence and degrees of cross 
reaction (9).
 

Mwambu 
(10) in a 1969 East African survey employed
 

the IPA test as developed by Cunnirgham in 1966 on
 

1,406 bovine serum samples. 
Of 57.5% of the samples
 

considered positive (greater than -+3fluorescence)
 

only 1% exhibited maximum fluorescence. He did not
 

distinguish between T. vivax and Trypanosoma theleri.
 

The problem of non specificity was adequately
 

illustrated by Weitz in 1963 (13). 
 Using a direct
 

fluorescent antibody technique with conjugated anti­

sera prepared by inoculating rats with Trypanosoma
 

brucoi and T. iyvax 
killed organiss, he observed
 

more 
intense fluorescence with the heterologous antigen
 

than with the homologous antigen.. However, when
 

specific exoantigens were used to produce antisera,
 

cross reactivity did. not occur.
 

The specificity and sensitivity of various antigen
 

preparations with respect to known anti T. vivax sera
 

and sera obtained from cattle singly infected with
 

T. th lorl, Trypnosoma evansi, Anaplasma marginale, 

and Bahesia U2. will be compared. These antigen
 

preparations will include intact T. 
 jyvax organisms
 

dcrived from sheep and cattle in addition to exoantigen
 

and soluble antigen of T. vvax origin absorbed to
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sheep erythrocytes. Criteria to be used will include 

the absence or presence and degree of fluorescence 

obtained in an IFA system.
 

Following the establishmcnt of a specific T. vivax 

IFA technique, a serological survey will be conducted 

of Colombian cattlo employing both screening and
 

quantitative IPA techniques (16).
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PROCEDURE
 

Development of the Indirect Fluorescenb Antibody Test
 

Trypanosoma vivax initially will be obtained from
 

actual bovine clinical 
cases and produced by injection
 

of organisms into hcmoparasite free sheep and cattle.
 

T. vax will be identified by morphology, character­

istic movement in wet mount, non-inifectivity for labor.
 

atory mice and culture characteristics. 
The isolate
 

will be initially passed through a sheep to elminate
 

possible Babosi s p_. The sheep will also 
be concur­

renLly Lreatud wiLh uyLe.reuyulinc! 
i-V aL Lih rtLu 

of 12mg/kg for 12 days to eliminate A. marginale. 

The iso.ate will then be scrially passaged in hemo­

parasite free sheep and calves until suitable levels 

of parasitemia are achieved. 

Blood smears will be made on I x 3" glass slides
 

from blood obtained from sheep and calves all with
 

high parasitemias. 
The slide preparations will be
 

fixed by acetone, methanol or heat, labelled and stored
 

dry at -200 C until used.
 

Blood *from sheep and calves with high parasitemias
 

will be collected and the trypanosomos separated by
 

one or a combination of the following methods:
 

differential centrifugation, hemagutination (17)
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and anion exchange (8). Resulting pure trypanozo
 

suspensions from each species will be fixed by hc'ft on
 

glass slides, labelled and stored dry at -20
0C until
 

used.
 

Exoantigen will be obtained from the sera of
 

rats and goats with high parasitemias according to
 

the method described by Weitz (13). The sera contain­

ing soluble exoantigen will be treated with dessicated
 

rabbit or sheep liver powder to rem.ove hoterophillic
 

antibodies. Tanned and/or formalized sheep erythro­

cytes will be used to absorb the exoantigen from the
 

sera according to methods described by Gill (6, and 7).
 

Slides containing antigen-erythrocytes will be prepared,
 

fixed by physical or chemical means, labelled and
 

sotred dry at -20°C until used.
 

In addition, a soluble antigen will be prepared 

by grinding or sonically disrupting whole IV.vivax 

organisms and extracting the soluble antigen with 

physiological saline. The soluble antigen will then 

be absorbed with tanned and/or formalized sheep erythro­

cytes; Slides will be prepared and stored as above. 

A standard IFA tcchnique utilizing rabbit anti-.
 

bovine globulin tagged with fluoresoein isothiocyanate
 

will be used. Suitable controls will be employed.
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Reactions will be graded positive or negative. P1oto­

graphic records will be made.
 

Sensitivity of tho IFA test will be demonstrated
 

by titering known positive T. vivax antisera obtained
 

from calves used in an earlier pathogenesis study of
 

T. vivax in Bogota (4).
 

Specificity of the IFA test will be demonstrated 

by treating the above antigen preparations with various 

dilutions of antisera obtained from cattle singly 

infected with each of the following organisms: T. 

theileri, T. evansi, A. mrgina.e and Babesia s_. 

Trypanosoma theileri antisera will be obtained
 

from Texas cattle assumed free of Babesia r,?_p.,
 

T. evansi and T. vivax by virtue of geographic location,
 

and certified free of A. marginale via the CF test.
 

Antisera singly specific for A. marginale and
 

Babesia so. will be obtained from the serum bank in
 

Bogota.
 

Anti T. evansi serum will be produced by infect­

ing three hemoparasite free calves. Tr;panosoma evansi 

isolate will be obtained from a clinically ill horse 

and cultured in the laboratory by injection of white 

rats with infected horse blood. 

The antigen preparations described above, con­
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sisting of whole intact T. vvwx organisms as well as 

sheep erythrocyte absorbed exoantigen and soluble antigen
 

will be treated with all of the prepared specific
 

antisera. The fluorescent response obtained using a
 

standard IFA technique will be recorded and graded
 

negative or positive. The antigen preparation exhibit­

ing the highest degree of sensitivity and specificity
 

as determined by inspection, will be selected for use
 

in a serulogical survey.
 

Prevalence and Incidence Surveys
 

Approximately 200U serum samples obtainea rrom 

various regions of Colombia are currently stored at
 

the Instituto Colombiano Agropecuario laboratory in
 

Bogota. Pending the successful development of a specific
 

IFA test for T. vivax, a survey of these serum samples
 

wil. be-undertaken. The minimum serum dilution to
 

avoid non specific fluorescence will be used. Posi­

tive samples will be tabulatod on a geographical
 

basis.
 

Field investigations of suspected T. vivax
 

outbreaks will be conducted in order to determine the
 

degree of herd prevalence. Involved herds will be
 

investigated during the acute episode and three to
 

six weeks later.
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One or more of the following techniques will be
 

employed in field studies: wet mounts, thick smears,
 

capillary tube technique, the IFA qualitative test
 

using dry blood samples and the IFA quantitative test.
 

Titers of positive serum samples will be determined
 

and compared to the results obtained from blood samples
 

collected onto filter paper and allowed to dry.
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R). LILTS~ 

Prelininary results from using 1) Acetone: 1;ethanol - 60:40 

2) IleaL 5 ain. at 70'C. 3) Acetone 4) Ethanol 5) Fornalin - 1-1.07. 

6) Methanol as fixVives for 'f. vivax on glass slides indicated that 

Acaone: Methanol or Reat were far superior to 'the other fixatives 

for the fluorescent antibody tcst. If a comnercial conjugate (SYCrb) 

was used at a 1:32 titer with a 1:30 known positive anti - T. vivnx 

serum, the test resultcd highly positive when compa-ed to Luffer &nd 

ncgative serum controls. No cross reactions with T. theileri occurred, 

.lowever, further cross reaction tcsting will be done with T. evanni, 

B. hipemina, L. argentina and Aua;)1asma margrinle. The best antigenic 

preparation of T. vivax for the IFT has been the first calf to rat 

passage using the first high ascending rat parasitemia to avoid the 

itmmune complex problem. Five rat passages have been accomplished, with 

sheep, serum and cortisone supplcmlents, and the inoculum of T. vivax 

was passaged from i: calf to a sheep to a calf to the rat. The rats 

had low parasitemias .within 2 to 3 days post inoculation. Antigenic 

T. vivax derived from splenectonized calves with cortisonc therapy 

were the next best source of antigen for the UIT. 

The isolation of the specific T. vivax exoantigen has had numerous 

difficulties primarily due to the lack of quantity of antigen available 

and contamination with serum gamma globulin, however efforts are now in 

progress to produce high rat primary ascending parasitemias to avoid
 

this problem.
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A FIELD STUDY SURVE!Y OF TIIE 'REVA1,ENCE INC 1L: M, AN D ETIOLOGY OF 

nC 's; ,(A OF CATTLE) IN THE EASTU:1ulCi SYNDRO.EAh 

111AIN:S (D)EI'ARTMiE N'i: OF CAQIUET'IA) OF COLO.B IA 

II RODUCTION 

At the request of the Colombian Agrarina Reform Agency (INCORA), 

the Texas A & 141group was asked to investigate a chronic wasting disease 

of cattle suspected to be due to blood parasites called "Secadera" which 

occurs in the eastern plains of Colombian in the department of CaquatA. 

PROCEDURE. 

Four hundred and seventy four cattle, including newborns thiough adults, 

were examined and 27 parameters were measured of each animal. The follo­

wine n~rnmop1:prA werp rnPeqirfe$ hk rntiine mnielnd- hreerl~ czv gene­

ral physical status, hematocrit, Anaplasma marginale parasitemia and CF 

titer, Babesia bigemina parasitcmia and CF titer, B. arge.ntina parasite­

inia and CF titer, Trypanosoma vivax parasitemia, Brucella ahortus titer, 

Leptospira sp. titer, egg or larval counts of Haemoncbus sp., Trchos­

trfonylus . Ontertaa .. , Cooperia '11) ., Oesophalstornum sp., 

Bunostou'um s_. . Dictyocautus viviparus, Chabertia M.,Trichuris . ,__., 

Fasciola hepatica, Moniezia spp., Eirneria sp2, tick counts, use of salt, 

use of minerals, frequency of use of salt and minerals and assessment of
 

management practic-es other than those listed above. 
The cattle were
 

divided'by age into 3 groups as follows: Group I - 0 to 6 months; Group 

II - 7 through 18 months and Group III - 19 months and upeard. 
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kHIJUS 

In the Group I, multiple regression analyses revealed no significant 

rel.-itionships, however, in Group II, a highly significant relationshlp 

between the general physical state of health and the complex composed of 

blood parasites, internal parasites, salt, minerals, frequency of use of
 

salt and minerals, and management was found. In Group III, multiple 

regression analyses demonstrated a highly significant relationship between 

the general physical state of health and (1) blood parasites and breed (2) 

blood parasites, ticks and breed (3) blood parasites, internal parasites 

and breed (4) blood parasites, salt, minerals, management and breed (3). 

"Socadera", the chronic wasting disease of cattlej, is due to L complex 

of several disease causing agents and malinanagement practices of which 

blood parasites are on the foremost, therefore, control T~easures would 

have a large impact on increasing beef production in this tropical zone. 
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FUTUR. RESEARCII PROJECTS 

The frojoct in Colombia will prurauc the. current c'ltIqcnLi; nnd a-

U: c:apt to tc;'ininnt, tho:m and apply their results t'o future r-.carch. 

AnoLher field trial will be exccutcd at Nonteria to evaluate improved 

premunition techniques which are under investigation.presnntly. An attempt 

will be made to develop a standard dose inoctiluin and treatent for'A. 

_ar Lna.lc and B. arnentina premunition methods. The IFAT tccnnique will 

be applied to evaluate the prevalence of T. vivax infections of Cu]ombian 

cat.le. Attempts will be continued to adapt T. vivax to rats wi hOLI.u­

ovinc serum and cortisone supplcmun;ts. Tissue culture ro narch %!ili .c 

continued for the cultivation of '. bige-mina i.n maanuaalia, cell li'vs 

and morc emphasis will be placed on the cultivation of ID. " in 

,'.,~is nicro,)luR tick tissue culture systems. Increased c;:., . 

be given to the study of tick vectors, as to their role in the trzun,­

mission of babesiosis and anaplasmosis, the life cycle of the ticks, and 

development of Dabesia and A '.,a. organisms in the tick. The clfcc" of 

"",n.,s iiinutif-jora (."-olasses Grass) pasture on the development of ioiJ,'r 
* ":.. and the incidence oZ bovine babesiocis will bjc inves." :'t " 

Cari::agua, los Llanos Cric-acales. Chemoprophylaxis and che-'io h:'np tr ials 

Z., anaplasmosis babesiosis will be continued. S,.s an :Ic I­a 

ri, tloa and stra-in ; of Colom.bian isolates will be studied a;i co;.;­

pared for future a2plication to vaccine production methods. Pathonc'nesis 

studies will be performed in calves infected wiLh .. 


