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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-
fali 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 anaplgsmosis 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
parhology, 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, thelleriasis (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 sufp#as;
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, practic§1
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 infection 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
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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.

1. 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 zbove and in addition some research has been
conducted on trypanosomiasis.

Anaplasmosis:

a. An integrated control program 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 1I) 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.

L I1 III C Significance
No of Calves 19 20 20 19
Total Weight Gain (1bs) 6118 5854 4880 3236 P<0.01
Net Return (U.S. $)* 1480 1418 1149 744 P€0.01
Mortality Rates 0 5 10 26.32

* Colombian market prices at P. $9.80/kg or U.S. $0.23/1b

From these data, it is apparent that control programs for Groups 1
and 1I are far superior to those of Groups IIl1 and C. When blood, interna
and external parasites were controlled, highly significant net returns and
weight gains resulted. On the basis of this data it may be concluded
that such control is economical and productive, yielding highly signifi-
cant net monetary returns,

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.

A detailed study has been completed, coumparing 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
overwﬁelm the attenuated A. marginale. In these areas the only satis-
factory premunition in the past has been produced by virulent A. marginale.

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. 1f later experiments con-
firm this we might well expect that the attenvated 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.

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.an Anaplasma infected calf.

See Anaplasmosis section a.

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 dithiosemicarbazone) (356 C 61).
2. Imidocarb (3,3'-Bis~(2—imidazolin—2-yl)-carbanilide dihydrochloride
3. éﬁ?SEZAtracycline 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 1007 effective in eliminating infection. Gloxazone (356 C 61) given
alone, while active 1s inadequate to eliminate infection in subtoxic
amounts. Combined therapy, using 356 C 61 and oxytetracycline is highly
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.
An intramuscular (i/m) dose of 2 mg/kg 4A65 and 5 mg/kg 356 C 61
or 5 mg/kg 4A65 and 2 mg/kg 336 C 61 given on 3 successive days has
consistently eliminated Anaplasma infections in splenectomized
calves. An i/m or s/c dose of 4, 5 or 6 mg/kg 4A65 given 3 times at 24
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/1lb, and 0.5 mb/1b) added to the ration and
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administered orally. The lower level (0.1 mgrib) was unsatisfactory,

and even though the higher level (0.5 mg/1lb) 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 insrance
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 vathologic 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 parasitemi. .,
more severe anemias and a higher mortality.

Babesiogis;

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 1 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.

Vector studies have been and are continuing to be made in coopera~-
tion with the U.S5.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 feﬂgles, 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 deficienciles, and poor
management. In cattle 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 zonme.

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. Imidocart in
addition to being effective against Babesia i1s 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.

Babesia bigemina and Babesia argentina antigens were isclated 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.

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
80, 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 bigeﬁina 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.

All efforts to infect deer with Babesia by tick or needle challenge
have been unsuccessful.

Because B. bigemina only lives and grows in either cattle or Boophilus
ticks, research efforcts 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 I, 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
(Ih_gixgg)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. 1In 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, and 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 f&ture.

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
results o 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., 1In 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-
osnmiasis may be available for use in field surveys, on large numbers of
samples. The study of tissue culture growth of Bahesia 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 mcves so. 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.



APPENDIX 1



APPENDIX I

KUTITLER, 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 f£ield 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 obsecved in an unvaccinated, non-infected, control group. The
group recelving 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 2,600 meters to 13 meters in altitude and from 13°C to 28°C in mean
temperature. Specific reference was made to breed susceptibility, the in-~
fluence 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 13°C the incidence was nil, whereas at 28°C 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 cat~-
tle, 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 mnoted 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,

Trials were conducted on 3 splenectomized calves treated with a gingle
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 (5 mg./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
(1.v.) for 5 and 10 consecutive days. Compound 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 con~
gecutive 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 14°C 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, O. H., AND JOHNSON, S. R.: Apparent Failure of
Boophilus annulatus to Transmit Anaplasmosis to White-Tailed Deer
(Odocoileus virginianus), J. of Parasit., 37, (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 erythro~
cytes 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. Both
tests resulted in similar but not identical antibody titres.

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). 1t 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 diseaseq 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 the most
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 sero-
logic 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
resistance 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) re-
ceived 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.



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 (5 mg./kg.) and oxytetracycline (11 mg./kg.)
given simultaneously at 48-hour intervals.

KUTTLER, K. L., GRAHAM, O. 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 injection. 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 inteérvals 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 infectionms. 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. marginale
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 4AF5 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 Anaplasmz marginale (VAM),
attenuated A. marginale (AAM) and A. centrale (AC) have been induced in
& sature cattle, 33 intact calves, and 38 splenectomized calves, for the
p -yose 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 AAM, and AC.when 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 systenms.

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 gamma 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
Trypanogoma 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 fgf the degree of Master of Science,
May 1971.

Trypanosoma vivax obtained from a clinically sick cow near Neiva, Colom-
bia, was pzussed 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) 1is 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-

8COpY.

Although 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 Babesia 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 mechods. The degree of resistance to
tick~borne challenge (Boophilus microplus naturally infected with Babesia
8spp) 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 babésiacidal 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 f1fth 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-
slosis 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, babeslosis 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 babesilosis,
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 spp. 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 yezars 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 svecific

Babesia antibodies utilizing antigens from the parasitized erythrocytes as well
as acute gerum.

The investigations described in this report were conducted to develop the
new techniques and to evaluate existing techniques for diagnosing bovine babe-
slosis. 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 Monteria and from cattle arti-
ficially infected in the Laboratorio 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 spp. 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
cf these investigations and observations, it is apparent that more investigation
is needed for the development of a practical snrologic 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. (In Press).

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 (5 mg/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, O., 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 infectiun, toxicity
and response of the animals injected with a new Burroughs-Wellcome babe-
siacidal drug No. 4A6S5.

On the basis of the observations made from these experiments, con-
clusions can be drawn that some dugree 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 Corast),
Magdalena River and Sumapaz River. Ticks were collected from different breeds
Holstein-Freisian, Zebu, Blanco.Orejinegro, and Costeno con Cuernos, in ani-
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., AND 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 Onciio-
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.
(In Press).

Eperythrozoon wenyoni, E. teganodes and E. tuomii were diagnosed in 14
splenectomized Holstein-Freisian 4 to ll-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. teganodes, 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-splenectomy. Treatment with 2-di-(Beta, gamma~dioxipropil)
~(aminofenol)-(4 arseno 5)-Beta-(Benzaxozalil)~(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 ard etiology of
these 4 cases of porcine chronic toxic hepatitis was 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 lesion8 experimentally wich Streptococcus faecalis var.:
liquefaciens isolated during a field outbreak of turkey hepatic granulomas
in Colombia. The 170 turkeys poults (Bronze) used were 4 weeks old, Groups
r€ _oults were inoculated intravenously or orally mith 0.1 ml. of a 24~hour
culture of Streptococcus faecalis var. liquefaciens 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 idehtified, since nearly all
are infectég. 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 problem of .babesiosis in Texas was facilited when
research showed that a single 1 host tick, Boophilus annulatus, was responsible
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for its spread. The problem is compounded in many tropical countries, Colomﬁiif“
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being a good example, by multiple tick vectors, and ¢ombined infections

caused by Anaplasma, Babesia bigemina,'gL argentina, B. major and Irypanosoma -

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. Asauming 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 conslder 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 beaf. These diseases are endemic throughout Latin America, therefore this
figure should be multiplied many times to acquire a trus 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 achileve the
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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-
gition 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



(2)

(3)

(4)

(5)

(6)

(7

(8)

-

cattle maintained under lowland, tropical conditiqns has proven
effective in significantly reducing mortality and production
losses. The initial animal respomse to these virulent organisms
was modified by specific chemo-therapy.

A new vaccine for anaplasmosis has been tested in Colombia and
offers some promise despite initial setbacks. This vacecine
premunizes cattle with pPractically 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.
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.

A therapeutic approach .has been developed which will completely
eliminate infection with .anaplasmosis with only 3 injections
which is 4 times more effective. than previous methods.

Work is in progress .for. improved killed vaccines for both Babesia
and Anaplasma.

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.

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.

Progress has been accelerated by the discovery of 2 new drugs
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(10)

(11)

(12)

(13)

(14)

(15)
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a dithiosemicarbazone (356 C 61) and Imidocarb (4A65) which
show much greater activity as therapeutic agents.

Imidocarb has been demonstrated to have prolonged prophylactic
value against Babesia.

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.

Improved diagnostic procedures have been developed for the
identification of Babesia.

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.

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.

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

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

Non-infected Boophilus microplus ticks have been selectively in-

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

Training or Teaching Accomplishments:

(1)

(2)

3)

Three U.S. graduate students have completed their work for the
M.S. degree and 1 has completed and received his Ph.D.

We now have 5 candidates for the M.S. degree and 2 candidates
for the Ph.D. degree currently pursuing their work.

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 growti 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
of vaccination and treatment procedures in indigenous calves, to prevéht
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

EAnaplasmosis Babesiosis | frypanosomiasis Theileriasis
302 ‘ 482 _ 202 - 2Z Total (1002)
Personnel Salary & Allowances E $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
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




Budget Statement for the Coming Year (1972-73)

Statement of Expenditures According to Major Work Goals

Anaplasmosis Babesiosis Trypanosomiasis Theileriasis

30Z 482 202 2Z Total (100%)
Personnel Salary & Allowances $54,947.00 $87,914.00 $36,631.00 $3,663.00 $183,155.00
Travel and Transportation 10,354.00 16,567.00 6,903.00 691.00 34,515.00
Equipment 1,650.00 2,640.00 1,100.00 110.00 5,500.00
Supplies and Operation 14,511.00 23,217.00 9,674.00 967.00 48,369.00
Overhead 10,038.00 16,062.00 6,692.00 669.00 33,461.00
Total 91,500.00 146,400.00 61,000.00 6,100.00 305,000.00
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Combined Treatment With a Dithiosemicarbazone and Oxyfetracycline
To Eliminate Anaplasma marginale Infections in Sﬁlenectomized 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 Kuftler 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
simultaneously at differing levels, frequencies and numbers of injections

# Gloxazone (Alpha Ethoxyethylglyoxal dithiosemicarbazone), Burroughsz-

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

o Liquemycin 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% NaCi).
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 faillure 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 failing 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, II,
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 inthe relapse time.

All calves in groups III, IV, VI, and VII, treated with 5 or 10 mg/kg:
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,
rucorded 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 injectibns 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 Qe determined. Splenectomized calves present an
obvious advantage in eafiy screening trials due to the consisteat 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. marginale an average of 164 days

after treatment.



Table 1

Quantity of Drug, Number of Injections, and iInjection Interval
Used to Treat A. marginale Infected Splenectomized Calves

Quantity of Drug Used
Treatment No. of 356 c 61 Oxytet, No. of Treatment
Group Animals = mp/kg mg/kg Injections _Interval
| X 2 2 11 3 24 hrs
11 1 2 11 3 48 hrs
I1X 3 _S 11 3 24 hrs
| IV 8 _ 3 11 3 48 hrs
v 3 S 11 3 72 hrs
Lvi 3 10 11 3 24 hrs
Vil S__ 10 11 3 48 hrs
VIII 2 S 11 2 24 hrs
24 2 5 n 2 48 hrs
remm— ~ — et
X b 10 11 2 48 hrs
X1 1 10 22 1 - -
5 ’ 1
X11 2
11 3 48 hrs

Oxytet: Oxytetracycline,

(9)



Table 2

The Effects of Treatment Administered to Splencectomized Calves
Infected With Anaplasmosis

2 Weeks Avg. (1) { Infectiviey Tria(ua
Pre-treatment - Post-treatment Relapse | Loss of | Avg, No. of
ITest. nt ]} No. of - No. To | Time CF Days Post
Group Calves | Pcv Paras, CF PCV Paras.}! CF Relapse| Days Titer Treatment Resulgé
1 2 20.5+3l4.0+5.4 |1:113| 26,041 ] 1:40 2 25 .- -- --
II 1 1.0 0.2 1:80 | 29.0 0 1:40 1 45 - -- -- -
I11 3 11.0 + 3| 30.0 + 32.0] 1:80 | 25.3 + 10 0 1:40 0 -- 78 £33] 114 + 3 Neg.
v 8 |18.7+4|1.040.9 [1:627)30.022] 0. |1:22] 0 | - [ss +30]| 76 + 16 Neg.
v 3 23.0 +3]0.2+0.15 |1:50 |29 04+ 12 0 1:8 1 39 50 +£25{103 +0 Neg.
Vi 3 16.7 +3}2.0+ 2.0 1:32 | 24,7 + 2 0 1:32 0 -- 75 £ 53] 6040 Neg.
VII 3 |17.0+310.840.7 [1:46 [27.4 42 0 1:8 0 -- 35 12| 96 49 " Neg.
i VIIZ 2 155 +5(0.2+4+0.0 1:113} 28.0 +'°4 0 1:56 2 35 -- - --
IX 2 13.5+5]19.0 +21.0]1:111]|22.0 + 4 0 1:80 2 42 -- -- N
X 4 17.2 + 41 2.2 + 0.5 1:56 | 29.0 + 2 0 1:17 4 45 -- -- .-
X1 1 11.0 2.0 1:160} 27.0 0 1:80 1 35 - - --
Xi1 2 19.0 +6]1.0+1.0 1:40 1 25.0 +0 0 1:8 2 31 -- -- --

(1) Days required for CF titer to drop below the diagnostic 1:5 titer.

(2) A total of 21

blood into spl

Paras.:

calves failing to relapse af
cnectomized calves,

Parasitemia or percent parasitized erythrocytes.

ter treatment were tested for residual infectivity
This was done at varying times after treatment.

by subinoculating 200 ml,

()
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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..cered. 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) havexzin 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 éfficient 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
of anaplasmosis in some areas of the country (15). The problem of eradi-
cation is more difficult in those areas where ticks serve as biological
vectors and wildlife are a reservoir of infectiom.

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
effectiveness of an a-dithiosemicarbazone (356 C 61)* in the treatment of
anaplasmosis, was reported (2). Since that time several reports have been
published confirming the effectiveness of this agent (5, 9, 10, 12). More
recently favorable results have been reported using the a-dithiosemicarbazone
with oxytetracycline** (8). The results suggest that the simultaneous use
of these drugs was more effective than either alone.

In addition to the dithiosemicarbazone a second material, Imidocarb
(3,3'-Bis-(2-imidazoldr -2-yl) - carbanilide dihydrochloride) or 4465, has
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 hkave proven useful in these preliminary studies
largely because of the characteristic' A. marginale relapses which occur in
treated animals that retain a non-apparent infection. In these experiments,
calves falling to show a relapse within 62 days of treatment have been shown
to be free of infection by subsequent infectivity tests, and in many instances
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 Carolina.

ok Liquamycin injectable: Chas. Pfizer & Co., Inc., New York, N.Y.
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These results are useful to delireate the relative activity of varicus
treatment schedules, and provide the basis for future studies.

Materials and Methods:

Treatment was administered to 59 splenectomized, é;.marginale-infecfed
dairy type calves of mixed breeding ranging in age from 5-21 months with an
average of 10.8 + 4 months. i

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 total 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 rimes, 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 i; 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 ng/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 4AS55 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 34).

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
splencctomized 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.



(13)

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 S mg/kg 356 C 61 in-
Jjected 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 enimal.

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 ncgative 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 withk 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., 1In every instance evi-~
dence 1is 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 GO 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 climination of

infection.

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

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 1I 3 5 I.v. 10 24 hrs Successful Negative®
Failed
Group III 8 5 I.M. 344 2, 3-4, Relapse: 40 N.T.
7 and 14 days t 11 da

* A11 calves treated with 356 C 61 - 10 times at the 5 mg/kg level died, apparently due to drug toxicity.

N.T. - No Test 1.V. « Intravenous I.M. - Intramuscular

(81)



Table 2

L 3
Use of 356 C 61 in Combination
Anaplasma Carrier Stat

With Oxytetracycline to Eliminate
us of Splenectomized Calves

Dose Rate mg/kg Relapse
No. of Route of | No. of Interval of | Results of Time Infectivity
Animals | 356 C 61 Oxytet. | Inoc. Inoc. Inoc. Treatment Days Trials
Group IV 3 2 n I.V. 3 24 or 48 3/3 31.7
hrs Failed + 13.1 N.T.
Group V 1 5 11 I.V. 3 24 or 48 M/M | eeeae 1i/Mm
hrs Successful Negative
Group VI 3 5 n I.V. 3 72 hrs 2/3 39.0 2/3
Successful Negative
Group VII 8 10 n I.V. 3 24 or 48 88 | comaa. 8/8
hrs Successful Negative
Group VIII 8 5or 10 11 1.V, 2 24 or 48 8/8 41.9 N.T.
hrs Failed + 9.6

I.V. - Intravenous

N.T. - No Test

(61)



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
Time
Calf No. of No. of | Result of In Infectivity
Number | mg/kq | Route | Inoc. mg/k Route | Inoc. Treatment | Days Trial
40s5* 4 I.M. 1 15 I.V. 1 Failed 42 N.T.
135 6 I.M. 1 15 I.V. 1 Failed 54 N.T.
219 6 I.M. 1 15 I.V. 1 Failed 43 N.T.
424 15 S.C. 1 -~ ——— - Failed . 38 N.T.
43] ]5 So CO ] | ee mmoe - F&'n&d 35 NoTo
(42 :7)
Days
* Treated simultaneously with 44 mg/kg oxytetracycline I.V.
I.M. - Intramuscular I.V. - Intravenously N.T. - No Test S.C. - Subcutaneously

(02)



TJable 3A

Multiple Injections of 4A65 Alone and in Combination 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 | mg/kg | Koute | Inoc. Interval | mg/kg | Route Inoc. Interval | Days Trial
217 2 _ 1 IM 3_ 24 hrs 5 I.V. 3 24 hrs >120 Neg.
248 2 I.M. 3 24 hrs 5 I.V. 3 28 hrs | >120 Neg. |
450 5 1.M. 3 24 hrs 2 1.M. 3 24 hrs >120 Neg.
245 4 I.M. 3 24 hrs ——- ——e= ccee | cena- - >120 Neg. |
405 5 _L.S.C. 3 48 hrs ——e cmoe e >120 Neg.
413 5 SC. 1 _ .3 _48 hrs ——- cene e B >90 Neg.
| 265 6_ 1 IM_| __3_ [ 24hrs | --- i B R, >120 Neg.
I.M. - Intramuscular 1.V. - Intravenous N.T. - No Test

(12)
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Addendum To:
Promising Therapeutic Agents for the Elimination

of Anaplasme marginale 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. Im 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, relaﬁaed 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 (5 mg/kg -

3 times at 48 hours interval), Calf 401 (5 mg/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 4A05 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 cffects of poor pasture conditions and
insufficient supplemeatary feed.

On day O Cow 409 was treated with 5 mg/kg, 4A65, injected subcutaneously.
The CF titer was 1:80 at the time of trecatment. 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 4195 was treated on day O and again on day 14 with 5 mg/kg 4A65
injected s/c. On day 16 I'-amisol 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 4195 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 this gituation for quite some timc. Necropsy

showed severe nephrosis, peritoneal gnd thoracic exudates. Again drug
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toxicosis is suspected, but secondary factors may have contributed to death.
Cow 417 was treated 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 ip Cows 409-and 419. Cow 417 was checked
for infectivity on day 41. As of'day'ﬁs, other than general weakness and

poor condition it shows no-signs of drug intoxication, or evidence of

Anaplasma relapse.'



Table 4

Treatment With 4465 for The Elimination of Carrier Infection
(Subcutaneous Injections)

(25)

B | 0| et | | B | TR
_ (Days)
272 2 3 24 hrs 67 ———-
439 3 3. 24 hrs 158 Neg.
401(2) 5 3 24 hrs >120 Neg.
458 5 3 24 hrs . 53 ———-
457 5 3 24 hrs Died” -=--
431 5 3 . 28 hrs Died® ———-
237 5 3 48 hrs >90 Neg.
e | 5 | 2z | wa | = | wnn |
429 5 2 14 da >60 N.T.
435 5 3. 14 da >102 Neg.

N.T. - No Test.

“*Died 6 and 15 days after last treatment - 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 Adminiétrgtion of Therapeutic Agents for

the Preventioh and Elimination of Anaplasma Infection

A proven method for eliminating or preventing anaplssmosis is the
continupus low level feeding of tetracyclines daily for 60 to, 90 dayé.
Daily injections of tetragyclinéé, at the rate of 5 mg/lbs, for 10 to
14 days is also reported to be effective in éliminaﬁing infection. These
procedures while usefui.are not 100% effective, and require ‘a prolonged
course of treatment which is both time consuming and expensive. Th%s
treatment is the ﬁest now available and is being used in some anaplgs-
mosis control programs. The reactor cows are removed from the herd,
treated and then returned to the herd.

Using splenecéomfzed calves studies have been made with several
variations, to ﬁetter e-luate not only the tetracyclines but also 4A65-
when administered over au extended period of time. Splenectomized
calves have beeﬁ'used’to more severely test the value of the various
therapeautic agents. The'gnaplaamosis responsa in splenectomized calves
closely resembles the 41;9a§e 1n\p@h1g cattle, and such calves are more
consistently ﬁdaceptiblo than adult cattle. It is probable that the
splcnectomized calf is unable to elicit é marked’immune response to in-
foction. and that vhich does occur is inadequate. The response of the
Annglao ma organism to spacific drugs cen be measured in these caimals
with a minimum of influence by the‘aqimals normal protective mechanisms.
The genaral assumption is that 1f treatment is effecciv; in thig host it
will be even ﬁprc'offactive in intact animals, probably at a lower dose

range.
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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
a;imal. 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 & I 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 approximately $0.125,
A therapeutic and preventive dose at 0.5 mg/1lbs 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/1lbs 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/1lbs 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 Cr1f 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 7Z. Following a low PCV of 7% the animal recovered.

Discussion and Conclusions:

Chlortetracycline, at the rate of 0.1 mg/1lbs, 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/1bs while not preventing anaplasmosis 2id modify the severity of
infection when compared with the untreated control. Calf 483 will ba
followed for an additional 80 days to determine whether or not continue g
fceding will inhibit characteristic relapses, and possibly eliminate the
infection. Fronklin and otlhers have ¢ .orved that 0.5 mz/1lbs ied daily
for €0 to 90 days will in some instances eliminate the carrier state,
Thesa results suggest that, . splenectomized calves, 0.1 and v.5 mg/lbs

chilortetracyclinzg is insuificient to prevent clinical anaplasmosis.,
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Figure 2 Calf 488

Prevention - Continuous low level An:éomycin
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Figure 3 Cg}f 404

Contrcl ~ Inoculated - 1 ml blood froﬁ 460
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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 &ays 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 glven 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
situation where premunition is desirable, butAthe severe effects of in~
fection need to be minimized. There is a strong possibility that contin-
uous treatment as described might entirasly 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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Figure 4 Calf 434

Prevention - Periodic treatment - Weekly exposure

35
o
1
1 niv
) |
Frp e e
3¢ afRtaabiniae: okt
il g
3 ] -
m HE
o :
™~
~i
. (]
[« 2]
-4 9
1 L
g8l <
H1H H T [}
i
" i ~
. ettt o IR
1 11
, adfdad HH
1 HEE T M
t - IHA ] 'A 1-1.4 kgalannn 0
- T T b g ERAS guun n
T H T
,Axw }-83 1 sunndting HH
snghysunagasandphigas o~
: _Ma : it . - ! Y
It dm.ma i ! HHHI T L VY\W R it 11
i I H H111 : N it 1
111 11H gisalialinatidiidgectsatiadetils PN H T i ]
11 HiHH T 1 HH . -,,%\ gnanabindas ] ‘ iis 0
! T T E 1] THNHETE ™
] W HH T T T N HITE g

40
30

14

3L




Figure 5 Calf 433

Prevention - 5 mg/kg - s/c ~ 4AG65 given at 4 week intervals
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Figure 6 Calf 43¢
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Prevention Experiment #3:

The relatively long incubation time for the control Calf 439 in
Experiment #2 suggests that a low level challenge was being used in this
insrance. This experiment was essentially the same as #2, except that
the infecting inoculum was freshly drawn blood from a splenectomized
carricy calf,

Calf 461 and 462 (figures 7 and 8), were treated the szme in every
respect. The infecting inoculum waz given weekly beginnirg on day 28,
and consisted of 1 ml blood, freshly collected from a splencctomized car-
rier call (460), and injected s/c. The first 4 infections (days 0, 7, 14
and 21) were composed of material that h:d been frozen (tte same as usad
for Calf 434). Treatment comsisting cf lLnjecting s/c 5 mg/kg 4AG5 every
4 weeks or & times for the 140 day pericd.

Soth Calves 451 and 462 developed cvidence of anaplasmosis, after a

lony incutation period. Calf 461 showed oigns of infection on day 84.

3
[

This response was mild, being characterized by a high CF of 1:640, a high
patasitemii of 3% and a low PCV of 15%, which was 62% of norm=1l. This
is considered a mild response to infection induced in splenectomized calves
by acriiicial ueedle challenge. Calf 462 developed first signs cf infec~
tioa on day 63. The resulting infection was mild in that tkre Ligh parasi=-
temia vas only 3%, the low PCV was 20% (or 559 of normal) ard & high CF
titer of 1:100 occurred. The anemia did not persist, but tie aniial rapid-
ly recovered.

The neries of weekly exposure and treatment every 4 weel's s concinuing.
The untreated control for this experiment was Calf 404 (figure 3). cCalf

404 developed evidence of inrection on day 21, characterized Ly 4 pavasitemia

of 587 and a high CF titer of 1:640, and a deop to 7% PLV (29% of normal).



Figure 7 Calf 461

Prevention - By continucus treatment
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Figure 8 Calf 462

Prevention by continuous treatment
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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.



Figure 9 Calf 490

Prevention — Weekly injections of 4A65
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Treatment Experiment #5:

This study involves the use of chlortetracycline fed daily at varying
dose level:, and for different times, to splenectomized Anaplasma 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 .Litur 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;-tive, icd-.2t1 |,
tha* in this instance 0.5 mg lvs was sufficient 'or the removal of
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 constaat for the remaining
perlod- 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/1lbs daily for 60 days. This is the suggested level of treatment for
carrier cows in the USDA eradication program, and is a level generally
consldered 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 unsuzcessful.
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 soneway 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. 1In
Calf 424 treatment was started at the very end of'an acute phase and to
follow the assumption of cyclical vulnerability, it might be puessed
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.



Figure 10 Calf 434

Treatment - Continuous feed - Aureomycin - 0.1 mg/lbs. - Increased on Day 28 to 0.5 mg/lbs.
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Figure 11 Calf 279 . )

: Treatment - Aureomycin - 0.5 mg/lbs. - daily - per os.
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Figure 12 Calf 450

-
Treatment - Aureomycin - 1 mg/lbs. - daily - per os.
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