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THE ANIMAL HEALTH PROGRAM IN CIAT 

E.A. Wells* 

1 want to speak for only about ten minutes. We have given you 
al! a green booklet in Spanish or English in which we have given some 
information about our Animal Health group in elAT. 1 merely want 
to enlarge on the information on the second page where we describe 
our animal health objectives. 

We describe our program as consisting of: 

a. Training in methodology through graduate programs; that is, 
haw to relate an investigatian laborator¡ to the fieId. 

b. Research in problems oi the greatest importance where present 
methods of prevention af control are inadequate. 

c. Innovation in areas of present neglect; for example, animal 
health economics, animal health documentation and acarology. 

L want to enIarge on these three areas. 

We have evolved a simple methodology for the kind of applied work 
that we do. First, our laboratory acts as a team of disciplines. Our 
declsions are rnade on a team basis. The special projects that we have 
in hemoparasito:ogy and in acarology are part of this integrated team 
approach. The second point is that we believe our research staff 
should move to the fieId where the problems are. The third point is 
that in the areas where we work we try to appreciate the total 
environment of the farm. The fourth point is that we hand over the 
results of our investigations to the extension veterinarians at the level 
of the farm. We do not meet him only at the door of the laboratory. 

Our work in the Eastern plains of Colombia last year was on this 
pattern. A field team went out Iooking for a spectrum of information. 
The spectrum included breeding diseases (brucellosis, leptospirosis. 
IBR) , hemoparasitic diseases (anaplasmosis, babesiollis), quantitative 
and qualitative work on ticks, quantitatlve work on Dermatobia ho. 

* Leader. Animal Health Group, 
Centro Internacional de Agricultura Tropical (CIAT), 
Apartado Aéreo 67-13, CaH, Colombia, 
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mmJS, questions on farm management and questions on larm 
economics. We, therefore, saw a dynamic picture of diseases in relation 
to each other and to their environment. 

The first paper this afternoon will be a descrlption by Dr. Corrier, 
of the Texas A&M group, of the results to date of the hemoparaslte 
and tick portions of this work. 

Unless this type of mUltidisciplinary team approach ls uSed, we 
belleve that the areas of required research may not be revealed, Le. 
we may waste resources in the second area of our work. We may, 
for example, spend too much time on an immunizing procedure when 
farm management ls revealed as a more crucial factor. 

The third area of our work we describe as "innovations". They are 
innovations but they are also essentials. Let us mentíon only animal 
health economics. You will notlce in our annual report that we have 
carried out sorne work on the impact of foot and mouth disease on 
pig farms. We are assembled here in this workshop because we all 
believe that anaplasmosis and babesiosis are important. However, can 
any of us put a figure in terms of money loss due to these dlseases in 
Latín America? Are we attempting to assess the cost of different 
control strategies? The answers are simple. No, we cannot and we are 
noto Governments and donor agencies want to know where to put 
their money to greatest effect. We need to develop approaches to the 
economics of animal health, 

Lastly, 1 want to mentíon graduate programa. If national agencies 
see any use in our actlvlties, CIAT offers facilities for graduate 
tralning. Principally, this lB in two forma. We offer facilities for M.S. 
and Ph.D. studenta to carry out their thesis research. We aIro take 
post graduate interns; toot 18, people who come for a maximum oí 
one year to learo laboratory technlques and relate them to the fleld. 
In the area of animal health we are currently building up to ten 
students in total by mid year. 

This workshop is to create an awareness of the problems in 
anaplasmosis and babesiosis in Latin America. If the workshop 18 a 
success we can offer our facilities for further workshops of more 
specific and detalled nature. 

This is al1 the introduction 1 want to glve. 1 sincerely hope that 
the contacta and frlendships we are going to make this week will 
benef!t the cattle industry of Latin Amerlca. 
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THE WORK OF THE INSTITUTE OF TROPICAIJ . 
VETERINARY MEDICINE, COLLEGE OF VETERINARY 

MEDICINE, TEXAS A&M UNIVERSITY 

Fred Maurer ... 

The Institute of Tropical Veterinary Medicine was established in 
the College oi VetETinary Medicine at Texas A&M University in 1966. 

Texas provldes an excellent site for such a program because oi 
the subtropical climate, the very large domestic and wildlife populatlons 
and the proximity to Mexico, Central and South America. 

The purpose: 

To contribute to the more efficlent control oi tropical dlseases of 
livestock through the conduct oi research and the tralning of 
veterínarians. 

Speclfic objectives are te: 

1. Build a cadre of well-traíned, experienced faculty; 

2. Conduct research to improve the control and prevention of 
disease; 

3. Establish a fellowship program for the traíníng of graduate 
students in tropical veterinary medicine; 

4. Maíntaín ¡aboratories abroad for research and training in 
regional disease problema; 

5. Collect and prepare a Jibrary of informatlon and traíníng ruds 
for use in the prograrn. 

Support: 

Financia! and other support has been provided by: 

The RockefeJler Foundation, 1967 - 1971; 

• Director, Institute of Tropical Veterinary MecEcine, Texas A&M University, College 
Station, Texas Tl843, U,S,A, 
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U. S. Agency for International Development, 1968 to date; 

Texas A&M has provided laboratory and animal facilities 

on the campus at College Statlon, Texas; 

The Rockefeller Foundation and the Colombian Government 

thru ICA, provided !aboratorles and cooperative assistance 

in Bogotá and Turipaná, Colombia; 

Since 1971 we have worked as a part of the Animal Health program 
here at CIAT. 

Professional Staff: 

We presently have 8 faculty members, all D.V.M., Ph.D.'s with 
a total of over 30 years oi experience in tropical countries. Those at 
Texas A&M work in clase cooperation with the total faculty of the 
College of Veterinary Medicine and those at CIAT in cooperation 
with CIAT personnel. 

Post Graduate Training: 

Since 1967, there have usually been 6 U.S. graduate students, with 
3 in training in Texas, and 3 in Colombia. 

These students do their academic work in Veterinary Microbiology, 
Pathology or Parasitology in Texas, and the research for their 
disserta tiona in Colombia. 

Nine fellows have completed work for M.S. or Ph.D. degrees: 
At present, 1 is pursuing a Ph.D.; 2 are seeking M.S. degrees. 

In additlon to these American graduate students in our fellowship 
program, our staff has participated in the graduate training of severa! 
foreign veterinarlans both in Colombia and in Texas. 

To facilitate OUT training program we are also engaged in the 
accumulation of a library of information and training aids for the 
majar diseases of the tropics. And we will gladly talk with any of you 
who may be interested in the exchange of traíning aíds. 

Researeh in Texas and Colombia: 

Has emphasized the Improvement of methods for the control of 
hemoprotozoal diseases, especially anaplasmosis and babeslosis with 
sorne work on thellerlosis and trypanosomlasis. 

Research Aecomplishments: 

Have been presented in our annual reporta and In over 80 
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publications and sorne of this work will be detailed in the course of 
this meeting. 

Briefly, these studies and accompllshments have included the 
followlng subject areas: 

The incldence and distribution of anap!asmosis, babesiosia and 
trypanosomiasis in Colombia. 

The card and CF tests for Ballesla have been adapted for use with 
the Colombian strains. 

The cllnical, serologica! and patllological effects of single and 
concurr,ent infection with anaplasmosis and babesiosis have revealed 
dual infections to be additive. 

The influence oí externa! and gastro-intestinal parasites in animals 
infected with anaplasmosis and/or babesiosis has been recorded. 

The antigenic character and pathogenicity of the hemoprotozoal 
organisms found in Colombia have been demonstrated. 

Studies have confirmed that Colombian straina of B. argentina and 
B. bigenüna are somewhat dlfferent immunologically. The B. argentina 
challenge of B. bigemina carriers produced more severe reactions than 
when the situation was reversed. 

The resistance of these hemoprotozoa! pathogens to known 
irnmunological procedures have been determined. 

The vaccine current!y avai!able in the U. S. against anaplasmosis 
has been evaluated and found unsatisfactory in Colombia. 

Vaccines prepared from killed, attenuated and tully virulent 
Anaplasma marginale have been tested and evaluated, 

Premunition methods for the prevention of clínical infections with 
ArulopIasma marginale, Babesia argentina and Babesia bige:mlna have 
been tried and improved. 

Controlled premunition of cattle with Anaplasma and Babesia 
organisms of different known pathogenicity have been made and 
results compared. 

Sorne of these trill:Ls have been very successful leading to more 
refined and extensive, controlled field trials which are now underway 
here in Colombia, and you will be given sorne of the detaíls :ater in 
this meeting. 

The pathogenicity of Ballesta for premunition as influenced by 
irradiation and serial animal passage have been compared with fully 
pathogenic straina. 
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Premunition with or without drug therapy has been compared for 
both Anaplasma and Babesia. 

Inununologlcal studles have eonflrmed that a sterUe immunity to 
Babesia can be induced in susceptible cattle in the absence of the 
carrier state. 

Both tissue cultures and blood cell cultures are being maintained 
fo! the growth of Anaplasma and Babesia. To date. only Anaplasma 
have been grown successfully on tissue cultures. 

TIle incidence. distfíbution and the cycle of infection between the 
tick vector and the host is being studied in relation to both Anaplasma 
and Babesia. 

The feeding of 8abesia infected ticks on white tailed deer failed to 
induce infection in the d€tlr. The injection oi 8abesia infected bovine 
blood into deer also failed to infecto 

The therapeutíc, prophylactic and toxic affects of drugs are being 
evaluated foI' the treatment and control of hemoprotozoa. 

Imidocarb has been demonstrated to have prolonged prophylactic 
value agalnst Colombian and Meldean strains of 8abesia and to 
prevent or ellrninate infection in the tick vector. 

We realize there is atill much to be done to improve the control of 
these diseases. Premunition, while very helpful, (especially for the 
protection of clean cattle moving into infected areas) ls a cumbersome 
method which needs adjustment to local situatlons. 

Chemotherapy and chemoprophylaxis have a place and a good 
potential provlding effectlve druga such as lmidocarb and Ganaseg 
can be cleared as safe for use by involvement Governments. 

Effective onc-shot and forget-it vaccines are needed for each of 
these diseases, especially in regions where vector eradication 18 likely 
to be many years away. 

TIle need for research on these dlseases is currently intensified by 
the world-wide difficulty of providlng adequate íood for the human 
populatlon. 

As you are al! aware, the world searcity oi food has been brought 
on by several things: 

1. Primarily,by the uncontrolled growth oí the human population; 

2. The shift oi rural people to the eities; 

3. The increased usage oi cereal gralns with the improvement of 
diets in the developed countries; 
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4. Poor food storage; 

5. Tile higher costs of fertilizers, pesticldes, and oí!; 

6. Adverse weather conditions, and 

7. Tile burden of animal disease. 

While animal disease Is on1y one of the handicaps to food 
production It Is a vital one hecause of the necessíty for animal protein 
in man's diet to provide vltamin B¡" phospholíplds essential for C.N.S. 
development and for those amino aclds whích are generalIy inadequate 
in vegetarian diets. 

Further, only ruminants can convert the vast (65%) rangeland 
forages of the world to foad for man. 

For these reasons we are enthusiastic about efforts to control these 
diseases and most grateful to al! oi you attending this workshop for 
your cooperative Interest in these diseases. 

lt Is aIso appreclated that efficient livestock production requires 
expertise in animal breeding, reproduction, nutrition and management 
so that we are grateful for the opportunity to work here with CIAT 
where research is conducted in all these areas. 

We are aIso involved in a 4-University consortlum in the States 
which represent these disciplines in their reIation to livestock 
production in the tropics. 
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THE EPIDEMIOLOGY OF BOVINE ANAPLASMOSIS AND 
BABESIOSIS IN THE LOWLAND TROPICS OF COLOMBIA 

Donald E. Corner * 

Introduction 

The epidemiology of anaplasmosis and babesiosis in Colombia is 
influenced by several geographical factors. Colombia is divided 
longitudinally by 3 cordilleras of the Andean mountain range (2). The 
western cordillera separates the narrow Pacific coast lowlands from 
the interior of the country. The central cordillera divides Colombia's 
2 major valleys formed by the Cauca and the Magdalena rivers; while 
the eastern cordillera separa tes the western part of the country from 
the low eastern plains, los Llanos Orientales, which comprises nearly 
three fifths of Colombia's surface area and extends nearly 640 
kilometers eastward to the Venezuelan border (2). 

Three major climatic zones exist, reflecting differences in elevation 
associated with the 3 cordilleras of the Andes (2). A hot, lowland zone is 
found below 800 meters with an average temperature of 25' C. An 
intermediate zone occurs at 800 to 2100 meters with a temperature 
range of 17 to 23' C, while a high zone occurs aboye 2100 meters with 
an average temperature of 13' C or lower. 

The lowland tropics of Colombia are found below 1000 meters, have 
an average temperature range of approximately 24 to 28' C and are 
found along the Pacific coast; the Atlantic coast; within the Cauca 
and Magdalena river valleys; and in los Llanos Orientales (2). 

Colombia's estimated 3 million dairy cattle are found in the high 
mountainous zone and in the intermediate climatic zone (12). Beef 
cattle number approximately 19 million head and are found in the hot 
lowlands and in the intermediate climatic zone (12). 

Although it is generally known that anaplasmosis and babesiosis 
are widespread in Colombia, especially in the lowland tropical zone, 

• Texas A&M Special Project in Hemoparasites. Centro Internacional de Agricultura. 
Tropical (CIAT), Apartado Aéreo 67-13, Cali, Colombia. 
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little epidemiological information is available. In 1974, 21 of 24 
central diagnostic laboratories of the Instituto Colombiano Agropecua­
rio (lCA) , reported cases of anaplasmosis, while 18 labaratories reported 
cases oi bovine babesiosis (15). 

Kuttler, Adams and Zaraza reported the results of an epidemiological 
study of anaplasmosis conducted on 5 !CA experimental stations in 
1969 (8). The stations were situated in different climatic zonea ranging 
in altitude from 13 to 2600 meters with mean temperaturas oí 28'C and 
13'C respectively. A direct correlation was noted between mean temper­
ature and the prevalence of anaplasmosis (8). They reported the 
prevalence of anaplasmosls as 0% at 2,600 meters; 515f at 1,200 meters; 
63% at 1,000 meters; 68% at 450 meters; and 91% at 13 meters. Other 
information ls avallable indicating the absence of anaplasmosls and 
babesiosls at elevations of 2,600 meters and hlgher (4). 

Epidemiological information concerning the incidence and distribu­
tlon ol anaplasmosis and babesiosis; the delineation of endemic from 
nonendemic and marginal areas; and a knowledge of the population 
and distribution of vectors and potential vectors; are items of basie 
information necessary in selecting effective prevention and control 
programs for anaplasmosis and babesiosis. 

Epidemiological Studies 

Three areas wcre selected for epidemiological studies: 

1. the Eastern plains (los Llanos Orientales); 
2. the North coast; and 
3. the Cauca valley. 

The area in los Llanos and the North coast are located in the 
lowland tropical zone, while the Cauea valley area ls in the lower 
intermediate clímatie zone. The 3 areas differ topographically, 
ecological1y and in the systems of cattle management employed. 

Epidemiological Study in tite Easiem Plains 

Maierials and Methods 

The study area extends fram the piedmont regíon of the eastern 
Andean cordillera eastward approximately 450 kilometers through the 
Departament of Meta and into the Comisaría of Vichada. The arca 
consists of savannah grasslands and varíes in elevation from 500 
meters in the piedmont region to 200 méters in the savannahs oi 
Vichada. The average annual temperature ia approximately 26· C with 
rainfall decreasing from 3000 mm. in the piedmont to 1,200 mm. in 
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Vlchada. Rainfall is equally distributed during the wet season fram 
April to November with llttle or no ramiaU during the dry season from 
December through March (11). Cattle operations on the savannahs are 
extenslve in nature wíth open rangetype management ar mínimum 
management being cammon. Ranches oi 5,000 to 10,000 hectares are 
not considered unusuaUy large. Average stocking rates of 0.4 animal 
units per hectare were reported for the Department of Meta (12), while 
stocking rates of 0.1 to 0.05 head per hretare were reported for the 
Llanos regíon In general (11). Cattle production on the savannahs Is 
oriented toward the production oi 3 to 4 year old feeders which are 
moved into the piedmont region and grass fattened for 8 to 10 months 
prior tu slaughter. Predominant cattle breeds are Zebu, native Criollo 
cattle oi Spanish descent, and Zebu.Criollo crosses. 

The study arca lies at the northem end of a zone oi colonizatlon 
which was reported to contínue along the eastern Andean piedmont 
from Bolivia to Colombia and "representa one oi the most active 
frontiers oi agricultural settlement in interior South America" (3). 

The study area was subdivided into 5 study zones based on 
distance from the piedmont reglon, and on differences in cattle 
operations and the level of ranch management. 

Thirty.seven ranches were visíted during the study and a total of 
3,034 cattle examined. The ranches were selected in cooperation with 
the Caja Agraria "Cattle Development Program"·. Visits to the 
ranches were coordinated with routine visits by Caja Agraria personnel 
thus assuríng an introduction onto the ranches and the establishment 
oi favorable working relationships with ranch owners, managers and 
employees. 

Each oi the ranches was visited duríng the dry acason from June 
to November and a random group of cattle representíng a minimum 
oi 10 per cent oi the total herd were sampled ensuring that animals 
less than 1 year, 1 to 2 years, and more than 2 years of age were 
included in the Sll.Illple group. The age, sex and breed of each animal 
was noted, and serum samples collected. Ticks were collected from 
infested cattle for later classification and the level of tick infestation 
assessed using a modification of a previously reported method (7). Tick 
counts were made on either the right or the left half of the animal's 
body. All ticks greater than 5 mm. in diameter were count«i on one. 
half of the animal's bOdy, excluding the inside of the ear. An area of 
5 cm. square, in which the maximum number of ticks were located, 
was selected on the neck and on the inside of the hind leg and all 
ticks counted. AH ticks inside one ear were counted distinguishing 

• "Programa DesarroUo Ganadero". Caja de Crédito Agrario, Industrial y Minero 
Ministerio de Agricultura. 
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between ticks greater than and lesa than 5 mm. in diameter. Ticks 
greater than 5 mm. in diameter were considered to be engorged 
females, while tick.s less than 5 mm. in diameter were considered as 
larvae, nymphs and adult males. The sum total of aH ticks counted 
was expressed as the mean number oí ticks per animal per herd. The 
total number of ticks greater than 5 mm. in diameter from the hal! 
body and ear counts was expressed as the mean number of tlcks 
greater than 5 mm. per animal per herd. The individual counts from 
each animal were multiplied by 2 prior to herd calculat!ons to reduce 
the number of mean values expressed as fracUona. 

The serum samples were tested for anaplasmosis us!ng the 
Complement.Fixation (CF) screen test (1). Serum samples were tested 
for babesiosis, due to infection with Babesia bigemina, using a 
previously described modification (14) of the original reported CF 
technique (9). Test results were read as negative, trace, or 1+, 2+, 
3+ and 4+ reactions. Al! 1+, 2+, 3+ and 4+ reactions were 
considered as reactors. 

A study questionnaire designed to obtain information on herd 
history, herd management, animal health practices and the occurrence 
of various cattle diseases was completed for each herd. The information 
obtained was used to determine if statistically significant relationships 
existed between the prevalence of anaplasmosis in the herd and a 
number of selected variables. The variables analyzed included: level 
of tick ínfestation; estimated deer population in the area of the ranch; 
ranch size; number of eattle on the ranch; pasture management to 
include continual and rotational grazing; addition of new cattle to 
th!' herd during the past year; animal health cost per herd to include 
cost of vaccines, drugs and salt; the number of vaccinations per 
animal per year, coded to include 5 different vaccinations; and 
numerous management faetors used to assess management level, coded 
to include individual identification of cattle, presence and condition 
oí corrals, presenee and condition of fences, presence and condition 
oí cattle shute, presence of salt and salt boxes, presenee of a tractor 
and equipment, presence of an electrie generator, number of acres of 
improved pasture, and the presenee and condition af spray race or 
dipping tank for tick control. The mean prevalence of anaplasmosis 
and the mean number of ticks per animal in each of the 5 zones 
within the study area were a180 submitted to analysis to determine if 
the differenees in anaplasmosis prevalence or in tick Infestation 
between the zones was statistically significant. 

Resulta 

Seventy.five per cent of the 3034 cattle tested were Anaplasma 
reactors (Table 1). Reactors were present in each of the 37 herds 
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Table 1. Results of Complmnent-Flxation Test rOl anaplasmosis. 

Epidemiological study in the Eastern plains ol Colombia, 

June.November 1974. 

Herd No. ol Cattle No. ol Cattle NO.of Percent 
No. in Herd Tested Reactors * Reactors 

1 445 45 42 93% 
2 232 113 81 72% 
3 484 99 56 57% 
4 168 100 57 57% 
5 455 108 67 62% 
6 380 52 44 85% 
7 386 60 40 67% 
8 866 74 40 54% 
9 254 53 33 62% 

10 432 64 33 52% 
11 326 85 49 58% 
12 1060 99 97 98 ro 
13 227 94 91 97% 
14 1022 110 103 94% 
15 1309 100 86 86% 
16 1170 98 69 70ro 
17 1480 99 91 92% 
18 1006 94 78 83% 
19 867 100 75 75% 
20 532 60 56 92% 
21 523 83 58 70% 
22 125 49 48 98% 
23 247 70 63 90% 
24 1430 100 74 74% 
25 1340 100 75 75% 
26 153 79 72 91% 
27 246 87 74 85% 
28 244 70 57 81% 
29 968 103 83 80% 
30 980 100 92 92% 
31 620 55 39 71% 
32 654 60 37 62% 
33 400 100 48 48% 
34 293 43 24 56% 
35 357 30 19 63% 
36 400 100 49 49 ro 
37 545 99 55 56% 

Total 22,626 3034" 2262 75%'" 

,., 1+. ~+, 3+ and 4+ reactions C.F. semen. 
** Represents a sample size of 13% oí the total number of cattle in the 37 herds, 
u. Pereent reactors in me 37 herds. 
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Table 2. Ages of anaplasmosis reactors. 

Epidemiological study In the Eastern plains oi Colombia, 

June.November 1974. 

Age No. oi Cattle 
(Months) tested 

1-3 166 

4-6 248 

7-12 454 

13-24 631 

< 24 1491 

Total 2990 

* 1+. 2+. 3+. 4+ reactions CJ?" screen test. 
*." Percent reactors in aH cattle tcsted, 

NO.oi Percent 
Reactors * Reactors 

81 49% 

203 82% 

365 807< 

441 70~!~ 

1125 76c;~ 

2215 75:k*· 

with 18 herds having 75 per cent or more reactors, and 19 herds with 
48 to 74 per cent reactora. The pereentage of Anaplasma reactors in 
the 37 herds ranged irom 48 to 98 per cent. 

Forty.n!ne per cent oi the calves tested between 1 and 3 months 
oi age were Anaplasma reactor/! while 82 per cent Di the calves between 
4 and 6 months were reactora (Table 2). Eíghty per cent reaetors 
occurred in the 7 to 12 month old group; 70 per cent in the 13 to 24 
month group; and 76 per cent Di all cattle greater than 24 months 
ni reactors increasing as the number of vaccinations inerease. 

The differences in tha prevalence oi anaplasmosls between the 5 
zones within the study area were not significant (Table 3). None of 
the vartables selected for ana1ysis proved significant in accounting 
for differences in the prevalence of anaplasmosis among the 37 herds. 
Though not apparently slgnificant, a trend was noted which would 
suggest that Anaplasma reactors within a herd may be associated 
with the number of vaccinations per animal per year, with the number 
of reactors lncreasing as the number of vaccinations inerease. 

Forty.two per cent, 1270 oí the 3,034 cattle tested, were reactors 
to B. bigemina infection (TabJe 4). Babesia reactors were present in 
each oí the 37 herds, wlth 17 herds having 46 per cent or more 
reactors and 20 herds with 5 to 41 per cent reactors. The Babesia 
reactors in the 37 herds ranged from 5 to 94 per cent. 
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Tabla 3. ,Variables used in statlsticat llDQlysis of anaplasmosis 
prevalenoo. 

Epidemiological study in the' Eastern plains of Colombia, 

June.November 1974. 

Type 01 analysis 

Variable 
Analysis of 
vanQl1ce 

Pear.sun Products 
Moment Correlations 

1. Difference in Prevalence between zones withln 
the study area ....................................... Na' 

2. Level of tick Infestation: 

(1) Total number of ticks per animals ............... Na 
(2) Number of adult ticks per animal ................ Na 

3. Estimated deer population In area of farm ............ NS 
4. Farm size In acres ................. . . . . . . . . . . . . . . . . .. NS 
5. Number oi cattle on the farm ........................ Na 
6. Pasture management: 

(1) Contlnual ...................................... Na 
(2) Rotational ...................................... NS 

7. Addition of new cattle durlng past year .............. NS 
8. Animal health coat per herd: vaccines, drugs, salt, etc. .. Na 
9. Number oi vaccinations per animal per year (coded) NS 

(1) Aftosa 
(2) Blackleg & Hemorrhagic Septicemia 
(3) Brucellosis 
(4) Anthrax 
(5) aalmonelosis 

10. Management factora (coded) ......................... Na 
(1) Lndlvidual identification of cattle 
(2) Presence and conditlon of corrals. 
(3) Presence and condition of fences 
(4) Presence and condition oC cattle shute 
(5) Presence of salt & salt boxes 
(6) Presence oi tractor & equipment 
(7) Presence of electric generator 
(8) Number of acres of improved pasture 
(9) Presence and condition of spray race or bath for tick control. 

lit Not slgnificant. 
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Table 4. Results of Complement-Fixation test lor Babesia bigemina. 

Epldemiological study in the Eastern plains of Colombia, 

June.November 1974. 

Herd No. of Cattle No. of CIlttle NO.of Percent 
No. in Herd Tested Reactors' Reactors 

1 445 45 21 47% 
2 232 113 36 32% 
3 484 99 51 527i 
4 168 100 28 28% 
5 455 108 20 19% 
6 380 52 30 58% 
7 386 60 14 2370 
8 866 74 12 16% 
9 254 53 26 49% 

10 432 64 25 39% 
11 326 85 41 48% 
12 1060 99 56 57% 
13 227 94 44 477;' 
14 1022 110 85 7770 
15 1309 100 46 46% 
16 1170 98 46 47% 
17 1480 99 38 38% 
18 1006 94 36 38% 
19 867 100 23 23% 
20 532 60 48 80% 
21 523 83 33 40% 
22 125 49 46 94% 
23 247 70 54 77,/0 
24 1430 100 35 35)fc 
25 1340 100 31 31'!0 
26 153 79 54 68% 
27 246 87 36 41 'íi> 
28 244 70 47 67% 
29 968 103 60 58% 
30 980 100 59 59% 
31 620 55 19 35% 
32 654 60 13 225{· 
33 400 100 24 24,/0 
34 293 43 2 5% 
35 357 30 4 13 ji> 
36 400 100 8 8% 
37 545 99 19 19% 

Total 22,626 3034 1270 42%--

• l+, 2+. 3+ ami 4+ reaetíons C.F. screen test. 
** Percentage oí reactors in the 3034 animals teste<!. 
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Table 5. A~ of Babesia bigemina reactors. 

Epidemiological study in the Eastern plalns of Colombia, 

June.November 1974. 

Age No. of Cattle NO.of Percent 
(Months) tested Reactors· Reactors 

1-3 144 66 46 ,/,0 
~ 254 165 65% 
7-12 416 269 65% 

13-24 412 197 48% 
> 24 660 194 30% 
Total 1886 891 47%--

1: 1+. 2+, 3+ and 4+ reactiOns C,F. screen test. 
** Percent reactors in the 1886 cattle tested. 

Forty..six per cent of the calves between 1 and 3 months 01 age 
wera Babesia reactors, while 65 per cent of the calves between 4 and 
6 months were reactors (Tabla 5). Slxty.five per cent oi the 7 to 12 
month old group were reactors; 48 per cent oi the 13 to 24 months 
group; and 30 per cent of all cattle tested over 24 months of age were 
Babesia reactors. 

Tick!; collected from cattle during the study included: Boophilus 
microplus; Amblyomma cajeunense; Amblyomma triste and Anocentor 
uite:n.s (Table 6). Boophilus microplus was the only species found on 

Table 6. Tick oounts and tick speeies identified. 

Epidemiological study in the Eastern plains of Colombia, 

June-November 1974. 

No. of herds in study ................................ . 
No. oi cattle examined ............................. . 
Mean No. a!1 ticks¡animal ........................... . 
Mean No. ticks >5mm¡animal ....................... . 

37 
3034 

30(2-82) 
4(0-24) 

Tick species identified * 
Boophilus microplus 
Amblyomma cajennense 
Amblyomma triste 
Anacentor nitens 

No. herds where found 

37 
3 
3 
3 

... Tieks 1denUfied by Dr. K. C. Thompson. D.V.M., Ph.D AC'aToloiY ~ction Animal 
Heruth. e.I.A T. 
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all the 37 ranches, while the other species were each found on 3 
ranches. The differences in the number of ticks between the 5 zones 
within the study area was not significant. Differences in the level of 
tick infestation between individual ranches was related to the type 
of tick control program employed, and the period of time elapsed 
since the cattle were last sprayed or dipped. 

Seven ranch managers reported cases of anaplasmosis in the past 
year. Cases of babesiosis were not reported. A disease complex, 
commonly referred to as "Secadera" was reported most often as the 
most important disease problem on the ranch. "Secadera", occurs 
most commonly during the dry season and is associated with a 
complex of probable causes of which nutritional stress, anaplasmosis 
and babesiosis are considered principal causes. 

Epidemiological Study on the North Coast 
Materials and Methods 
The epidemiological study on the N orth coast was carried out on 

4 ranches. Three of the ranches are located in the Department of 
Cordoba in the municipalities of Las Cordobas and Pueblo Nuevo, while 
the fourth ranch is located in the Department of Sucre in the 
municipality of Sampués. The ranches are located on the broad 
undulating Atlántic coastal plain which varies in elevation from sea 
level to a few hundred meters. The climate is tropical with an average 
annual temperature of 28° C (2). 

Rainfall is equally distributed during the wet season from April 
to November with the dry season lasting from December through 
March. Cattle production is more intensive than that in the Llanos 
of Colombia with an average stocking rate of 1.9 animal units per 
hectare (12). Ranches of 300 to 600 hectares are average in size. 
Predominant cattle breeds in the area are Zebu, Native Criollo, and 
various Zebu crosses with Criollo, Holstein and other breeds. 

The Departments of Cordoba and Sucre contain approximately 3 
million and 1-1/2 million head respectively of Colombia's 19 million 
beef cattle (12) and are therefore 2 of the largest beef producing 
Departments in Colombia. 

Thirty pregnant cows, in their sixth to ninth month of gestation, 
were selected on each of the 4 ranches and identified by ear tag, brand 
or tattoo number. A serum sample was collected from each cow prior 
to parturition and again within 2 weeks following parturition. 

Abortions, death of several calves and infection with other diseases 
resulted in 112 calves being included in determining the age at first 
infection with anaplasmosis, and 107 calves being included in 
determining age at first infection with babesiosis. 
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Blood and serum samples were collected from each calf as soon 
after birth as possible and at biweekly intervals thereafter until the 
calves had reached 6 months of age. Giemsa stained thin blood films 
were prepared and examined mlcroscopically to determine the earliest 
age at which parasitized erythrocytes could be detected and to 
determine the level of parasitemia in subsequent weeks. Mean 
parasltemias oí Anaplasma and Babesia parasites were calcula ted so 
that week "O" corresponded to the week when infection was first 
diagnosed in each calf and subsequent ¡evels of parasitemia 
corresponded to the same stage of infection in each calí, thus allowing 
maximum mean parasitemlas to be observed. 

Packed cel! volumes (PCV) were determined using the micro· 
hematúcrit technique (13). Changes in the mean PCV were calculated 
such that week "O" and subsequent weeks corresponded to the same 
stage oí infection in each calf thus allowlng maximum dEcreases in 
the PCV to be observed, 

Serum samples coUected from the cows and calves were tested for 
anaplasmosis using the complement.flxation (CF) test (1). The gerum 
samples were tested for the presence of babesiosis using a previously 
described modification (14) of the original CF technique (9). Test 
results were read as negative, trace, or 1+, 2+, 3+ or 4+ reactions. 
AH 1+, 2+, 3, and 4+ reactions were considered reactors. 

The age at whlch the calves were first infested by Anaplasma 
marginaIe and by Babesia bigemina was determined using the 
serological results and the results of blood smear examinations. 
Positlve CF reactions which occurred in calves at 2 weeks of age were 
attrlbuted to the presence oí maternal antlbodies and were not 
considered to be due to Anaplasma Of Babesia Infection. 

The effect of flrst Infections with Anaplasma and Babesia parasites 
was evaluated from the number oí infected erythrocytes whlch were 
observed, and from the decreases which occurred in the PCV's. 

Results 

Ninety.nine of the 120 pregnant cows tested for anaplasmosis were 
reactors (Table 7), The reactors on the four mnches ranged from 63 
to 100 per cent, with an overall prevalence of 83 per cent. 

The mean age of infection with Anaplasma for the 112 calves 
lncluded in the study was 11 weeks (Table 8). The earllest age of 
lnfectlon was 4 weeks with the latest age of infection being 24 weeks. 

The mean parasltemias observed foUowing infection with Anaplasma 
marginale were less than 1 per cent during the first week followlng 

33 



Table 7. Results of Complement Fixation test for anaplasmosis in 
pregnant com. 

Epidemiological study on the North coast af Colombia. 
November 1973-July 1974. 

NO.ofCows No. of C.F. 
Name of Farm Examined 

Las Delicias 30 

Sabana Acosta 30 

La Rebeca 30 

Nueva Colombia 30 

Total 120 

>4 1+.2+. 3-:- and 4+ reactions C.F. Screen Test. 
** percentage :reactors in the 120 cows tested. 

Reactors' 

23 

30 

19 

27 

99 

Percent C.F. 
Reactors 

77% 

100% 

63% 

900/c 

83%** 

infection and decreased thereafter to lesa than 1 parasitized erythrocyte 
per 50 microscopic iields (Table 9). 

Sixty-eight oi the 120 pregnant cows tested for babesiosis due to 
infection with B. bigemina were reactor s (Table 10). The reactors on 
the 4 ranches ranged from 17 to 80 per cent, with an overall prevalence 
of infection of 57 per cent. 

Table 8. Age at f11'8t lnfection with Anaplasma margínale. 

Epidemiological study on the North coast of Colombia, 

November 1973.July 1974. 

A at First Infection 
Number of Calves 

Name of Farm Examined Mean 

Las Delicias 30 11 

Sabana Acosta 26 12 

La Rebeca 29 12 

Nueva Colombia 27 9 

Total 112" n** 

• AlI 01 th. calves (112) were infected by 24 weeks 01 age. 
** Mean age of intection tor all 112 calves. 
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(weeks) 
(Range) 

(6-24) 

(6-18) 

(4-24) 

(4-16) 
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Table 9. Parasiliemla in calves fol1owing first infection with Anaplasma marginale 

Epldemlological study on the North coast of Colombia, 

November 1973..July 1974. 

Stage ot 
lnfection 

(weeks) 

Las Delicias 
Paras!temia ('Yo) 

Mean (Range) 

** 
0* 0,36 «0,01-2,90) 

+2 0,32 «O,01-2,IO} 
+4 0,03 ( <0,01-0,40) 
+6 0,06 «0.01-0,70) 
+8 <0,01 ( <0,01-0.05) 

+10 <0.01 «0,01-0,03) 
+12 <0.01 «0,01-0,05) 
+14 <0,01 «0,0I-O.0ll 
+16 <0.01 ( <0.01-0,05) 
+18 <0,01 ( <0,01-0,03) 
+20 <0,01 ( <O,OI-O,Oll 

Sabana .\costa 
Parasitemia. ( (1/1, ) 

Mean IRango) 

0,88 ( <O,O1-6,OO) 
0,38 ( <0,01-2,80) 
0,02 «0,01-0,15) 
0,06 «0,01-1,20) 
0,16 «0,01-0,10) 
0,03 ( <0,01-0,10) 
0,01 «0,01-0.10) 

<0,01 «0,01-002) 
<0,01 «0,01-0,03) 
<0,01 ( <0,01-0,03) 
<0,01 ( <0,01-0,03) 

La. Rebeca 
Parasitemia (%) 

Mean (Range) 

0,54 ( <0.01-2.80) 
0,17 «0,01-1.40) 
0,07 «0,OI-O,70) 

<0.01 ( <0.01-0.02) 
<0.01 «O.OH),07) 

0.11 «0.01-1.00) 
<0.01 «0,01-0,01) 
<0,01 ( <0,01-0,02) 

0,04 «0,OHLl3l 
<0,01 ( <O,OI-O,Oll 
<0.01 ( <0.O1-O.0ll 

Nueva ('.olombia 
Parasitemia (%) 

Mean (Range) 

0.82 «0.01-5,80) 
0.13 «0.01-0.70) 
0,06 «0,01-0,90) 
0,10 ( <0,01-1.60) 
0.04 ( <0,01-0.60) 

<0.01 ( <0,01-0.01) 
0.01 «0,01-0,13) 

<0,01 ( <0,01-0.02) 
<0.01 «0,01-0,04) 
<0,01 ( <O,OI-O,Oll 
<0,01 ( <O,OI-O,Oll 

"1< Week °0" úorrespond'5. to the week when infection with A. marginale wa."- first diagnosed ín each calf, 

** A parasitemia of <0.01 indicated that parasitized erythrocytes were not observed in approximately 10,000 ceUs or 50 miCroscopic 
ti.lds, 



Table 10. Results 01 Complement-Fixation tests for Babesia bigemina 
In pregnant cows. 

Epidemiologícal study on the North coast of Colombia, 
NovembEf 1973 July 1974. 

No.ofCows NO.ofC.F. 
Name of Farm Examined 

Las Delicias 30 
Sabana Acosta 30 

La REbeca 30 
Nueva Colombia 30 
Total 120 

1+, :.:!+, 3+ and 4+ reaetions C.F. Screen Test 
** Petcentage reacrors in the 120 cows tested. 

Reactors' 

5 
18 
21 
24 
68 

PercentC.F. 
Reactors 

17% 
60:;( 

707~ 

807r 
57%" 

The mean age of infection with B. bigemlna for the 107 calves 
included in the study was 11 weeks (Table 11). The earliest age oí 
infection with B. bigemina was 2 weeks with the latest age oí infection 
being 34 weeks. 

The mean parasitemias observed following infection with B. 
bigemina seldom exceeded more than one infected erythrocyte per 50 
microscopic fields (Table 12). 

Table 11. Age at first infection with Babesia bigemina in pregnant 
cows. 

Epidemiological study on the North coast of Colombia, 
November 1973.July 1974. 

Age at First Infection 
Number of Calves 

Name oI Farm Examined Mean 

Las Delicias 27 15 
Sabana Acosta 25 13 
La Rebeca 27 8 

Nueva Colombia 28 7 

Total 107· 11** 

* All of the calves (107) were infected by 34 weeks of age, 
** Mean age 01 infection for al] 107 calves. 
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(weeks) 
(Range) 

(4-26) 
(4-34) 
(2-22) 
(2-12) 
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Table 12. Parasitemia in calves following first infeetlon with Babesia bigemina. 

Stage of 
Infection 
(weeks) 

O' 

+2 

+4 

+6 

+8 

+10 

+12 

+14 

+16 

+18 

+20 

Epidemlological study on the North coast of Colombia, 

November 1973.July 1974. 

Las Delicias Sabana Acosta La Rebeca 
PaTasitemia (%) Parasitemia (%) Parasitemia (O,ió) 

Mean (Range-¡ Mean (Range) 

*,~ 

<001 ( <0.Ql-O.02) <,0,01 ( <0.014).03) <0.01 ( <0.014).03) 

<0.01 ( <0.01-0.02) <0.01 ( <o. OI..(). 02) <0.01 ( <0.01..().02) 

<0.01 ( <O.OH.OIl <0.01 ( <0.01-<1.01) <0.01 «0.014).01) 

<0.01 «0.OHI02) <0.01 «0.01-0.021 <0.01 «O.01..().OIl 

<0.01 ( <001..().0l) <:0.01 ( <0.01-0.01) <0.01 «0.01-0.02) 

<001 «0.01-0.011 <0.01 < <0.014)01l <0.01 «0.014).01) 

<0.01 ( <0.014).01) <0.01 ( <0.01-0.00 <0.01 «0.01-0.01) 

<0.01 ( <0.014).01) <0.01 «O.OHI.01) <0.01 «0.014).01) 

<0.61 ( <001-0.01) <0,01 «0.01-0.01) <0.01 ( <0.014).01) 

<0.01 ( <0.014).01) <0.01 «0.014).01) <0.01 ( <0.014).011 

<0.01 ( <0.014).01) <0.01 «O.Ol4).OlJ <0.01 ( <0.01-0.01) 

Nueva Colombia 
Parasitemia (%) 

Mean (Range) 

<001 «0.104).04) 

<0.01 «0.01..()01l 

<0.01 «0.104).02) 

<0.01 «0.01-0.00 

<0.01 ( <O.OI-O.Oln 

<0.01 «0.0l..().01) 

<0.01 ( <0.01-0.01) 

<0.01 ( <0.01-0.01) 

<0.01 «0.014).01) 

<0.01 ( <0.01-0.01) 

<0.01 ( <0.014).01) 

* Week <'0" corresponds to the week when infeetion witb B. bigemina was first diagnosed in each calf 

** A parasitemia of<O.Ol indicated that parasitized erythrocytes were not observed in approximately 10,000 cells or 50 miCroscopic 
fields. 



Decreases in the mean PCV's of the calves were not observed when 
calculated according to the age of the calves (Table 13). However, 
mínimal decreases in the mean PCV's were observed when ealeulated 
according to the stage of iníeetion with anaplasmosis (Table 14). The 
deereases in the mean PCV's occurred during the week when 
anaplasmosis was first diagnosed in each oí the calves and during the 
seeond week following infection. The deereases observed were mínimal 
with mean values not decreasing below 30 per cent. The low range 
limits observed in the PCV were 11, 14, 21 and 22 per cent. 

Apparent clínical infection attrlbutable t{) infection with anaplas­
mosls and/or babesiosis was observed in 2 calves. The calves appeared 
weak and listlesa and had PCV's of 11 and 14 per cent respectively. 
The calves were not treated for anaplasmosis or babesiosis and made 
an uneventful recovery with the PCV's returning to 30 per cent or 
more, 4 weeks following the slgns of clinícal illness. 

Epidemiological Study in the Cauea Valley 
Materials and Methods 

The Cauea valley follows the Cauea river for approximately 250 
kilometers extending north and south through the Department of 
Valle (2). The valley Is lacated in the lower intermediate climatic zone 
and varies in elevation from approximately 900 meters on the valley 
flaor to 1500 metera in the foothill reglons. Rainfall Is nearly equal1y 
distrlbuted throughout the year, with the months of December and 
January receiving lesa rainfall than the remainlng months of the year. 
Dalry cattle number slightly more than beef cattle in the Department 
of Valle with approximately 850,000 head of dairy cattle and 600,000 
head of beef cattIe reported (12). Dairy herda are found both In the 
intermediste climatic zone of the valley and footrolls and aiso in the 
cool climatic zone in the mountalnous regions of the cordilleras on 
either slde oí the valley. The movement of dairy eattle from the high 
mountalnous zone down to the valley and foothills iB considered to be 
dangerous by daIrymen with losses considered to be due to anaplasmosis 
and/or babesiosls. Several atortes have related losaes to be as hlgh as 
50 per cent. Consequently dalry cattle are moved from the mountalnous 
reglon down to the val1eys onIy when destined for siaughter. A eommon 
management practlce among the dairies la the eonflnement of calves 
unID 6 to 10 months of age when they are first tumed out to pasture. 
Clinical anaplasmosis and babesiosls was related to be frequently 
observed in the calves during the flrst few months on pasture. 

Six dairy herda ranging in elevation from 930 to 1100 meters were 
visited during the study. Two ol the herds were located in the 
southem end of the valley, 3 in the middle one-thlrd, and one herd 
at the northern end of the valley. Information on herd history, 

38 



-
Table 13. Packed Cell Volumes in calves during first infection with Anaplasma marginale and 

Babesia bigemina. 

Epidemiological study on the North coast of Colombia, 

November 1973.July 1974. 

Age of Las Delicias Sabana Acosta La Rebeca Nueva Colombia 
Calves PCV (%) PCV (%) PCV (%) PCV (%) 

(Weeks) Mean (R>nge) Mean (Range) Mean (Range) Mean (Range) 

2 39 (34--45) 37 (31-42) 38 (30-48) 40 (37-45) 
4 40 (32-48) 39 (30-43) 40 (30-48) 38 (32-43) 
6 41 (26-48) 39 (12-46) 42 (33-48) 38 (35-43) 
8 38 (22-46) 37 (11-47) 39 (21-46) 35 (14--46) 

10 39 (28-52) 34 (19-45) 40 (29-47) 35 (23-51) 
12 39 (28-51) 35 (19-46) 40 (26-48) 34 (15-51) 
14 38 (24-48) 36 (25-48) 41 (34--48) 37 (30-49) 
16 42 (32-51) 35 (22-47) 41 (35-46) 38 (27-46) 
18 41 (28-48) 34 (28-46) 40 (30-47) 39 (31-46) 
20 40 (33-51) 36 (29-46) 40 (33-45) 38 (29-42) 
22 42 (32-49) 35 (28-43) 41 (31-50) 39 (32-49) 
24 39 (33-51) 34 (25-42) 41 (31-51) 40 (35-50) 
26 42 (35-47) 34 (24-38) 40 (35-45) 38 (32-48) 
28 42 (35-50) 35 (28-40) 40 (36-47) 38 (31-44) 
30 42 (32-50) 35 (32-40) 42 (36-45) 38 (34--43) 
32 41 (37-45) 36 (32-40) 38 (31-45) 39 (35-43) 
34 40 (33-46) 35 (30-39) • (--) 37 (35-40) 
36 41 (36-46) 37 (34-42) (--) 38 (35-41) 

"" * Information was not available. 
<O 
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Table 14. Packed Cell VOlllDlAlS in calves during first infcction w:Ith Anaplasma marginale and 
Babesia bigemina.· 

Epidemiological study on the North coast of Colombia, 
November 1973-July 1974. 

Age of Las Delicias Soba"" Aeosta La Rebeca Nueva Colombia 
InfecUon PCV (%) PCV (%L ... PCV (%) PCV (%) 
(Wéeks) Mean (Rmge) Mean (Range) Mean (Rnnge) Mean (Range) 

-8 40 (34-48) 40 (32-44) 42 (33-46) (- -) 
-6 41 (35-47) 40 (33-46) 42 (34-46) 41 (37-45) 
-4 42 (34-46) 39 (33-46) 42 (33-47) 39 (32-46) 
-2 42 (32-48) 39 (32-47) 42 (36-48) 41 (37-46) 
O' 34 (22-44) 30 (11-40) 36 (21-44) 31 (14-45) 

+2 37 (27-52) 33 (22-48) 38 (26-48) 35 (23-51) 
+4 41 (28--51) 35 (22-48) 41 (33-50) 35 (25-51) 
+6 41 (32-51) 36 (28-47) 42 (36-51) 38 (28-49) 
+8 42 (33-51) 35 (23-46) 42 (36-48) 38 (30-46) 

+10 42 (32-49) 36 (24-50) 40 (30-47) 38 (26-46) 
+12 40 (33-50) 34 (25-41) 41 (37-45) 38 (32-45) 
+14 41 (32-49) 34 (30-39) 41 (37-46) 40 (33-49) 
+16 42 (33-49) 33 (29-39) 40 (31-45) 40 (31-50) 
+18 41 (35-45) 36 (33-42) 39 (36-43) 39 (31-48) 
+20 41 (32-50) 35 (30-40) 39 (36-43) 37 (32-43) 

1< Week "O" corresponds to the week when in1ectíon with Anaplasma II1lH'ginale was flrst diagnosed in each cal!. 



• 

• 

animal health preca.utions and management practices was obtained 
on each herd. Serum samples were collected from a minimum of 10 
per cent of the animals in the herd when possible. 

The serum samples were tested for anaplasmosis and for babesiosis 
due to B. bige:mina uSing the complement fixation test as described 
for the proceeding studies. Test results were read as reported for the 
preceeding studies. 

ReIsults 
The resulta of the CF tests for anaplasmosis indicated there were 

305 reactors which represented 71 per cent of the 432 cattle tested 
(Table 15). The Anaplasma reactors on the 6 ranches ranged from 
60 to 96 per cent. 

Twenty-three per cent of the calves tested between 1 and 6 months 
ol age wereJ.naplasma reactors, while 63 per cent of the calves 
between 7 and 12 months were reactors (Table 16). Seventy-three per 
cent of the 13 to 24 month old age group were reactors and 83 per 
cent of alJ cattle greater than 24 months of age were Anaplasma 
reactors. 

The results oi the CF tests for B. bigemina indica too there were 
319 reactors which represented 75 per cent of the 428 eattle tested 
(Table 17). The B. bigemina reactors on the 6 ranches ranged from 
59 to 100 per cent. 

Table 15. RemIta of Complemeni-Fixation tests for anaplasmosis. 

Epidemiological study in the Cauea vaJley of Colombia, 

March 1973-February 1974. 

Herd No. of Cattle 
No. in Herd 

1 383 
2 300 
3 186 
4 196 
5 300 
6 243 
Totai 1608 

No. oi Cattle 
Tested 

88 
23 
28 
32 
30 

231 
432 

NO.of 
Reactors' 

79 
22 
20 
23 
22 

139 
305 

Percent 
Reactors 

90% 
96% 
71% 
72% 
73% 
60% 

71%" ----------------------------------------------
11> 1+, 2+. 3+ and 4+ reactions C"F. screen test. 

** Percentage oí reactors in the 432 cattle tested, 
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Table 16. Ages 01 Anapiasma rea.ctors. 

Epidemiological study in the Cauca valley of Colombia, 
MarCh 1973-February 1974. 

Age No. of Cattle No.of Percent 
(months) Tested Reactors' Reactors 

1-6 60 14 23% 

7-12 64 40 63% 

13-24 70 51 73% 

>24 146 121 83% 

Total 340 226 67%-' 

* 1+. 2+. 3+ and 4+ Complement Fixation screen test, 
•• Percent reactors in the 340 cattle tested . 

Twenty-seven per cent of the calves tested between 1 and 6 months 
of age were B. bige:m.in.a reaetors, while 58 per cent of the calves 
between 7 and 12 months were reactors (Table 18). Seventy per cent 
of the cattle tested in the 13 to 24 month old age group were reactors 
and 94 per cent oi all cattle tested greater than 24 months of age 
were B. bigemina reactors. 

Table 17. Results of Complement-Fixation test for Babesia bigemina. 

Epidemiological study in the Cauea valley oI Colombia, 

March 1973-February 1974. 

Herd No. of Cattle No. of Cattle NO.of Percent 
No. in Herd Tested Reactors' Reactors 

1 383 88 81 92% 

2 300 23 23 100% 

3 186 28 25 89% 

4 196 31 29 94% 

5 300 30 27 90% 

6 243 228 134 59% 

Total 1608 428 319 75%'-

*" 1+, 2+. 3+ and 4+ react10ns C.F, screen test. 
""* Percentage reactors in the 428 catt1e tested, 
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Table 18. Ages of Babesia bigemina reactors. 

Epidemiological study in the Cauea valley of Colombia, 

March 1973-February 1975. 

Age No. of Cattle NO.of Percent 
(months) Tested Reactors' Reactors 

1-6 60 16 27% 

7-12 50 29 58% 

13-24 77 54 70% 

> 24 139 131 94% 

Total 326 230 71%" 

* 1+. 2+, 3+ and 4+ COmpJement Fixation screen test. 
•• Percent reactors in the 3213 cattle tested 

DISCUSSION 

Llanos study . 

The 75 per cent prevalenee of Anaplasma reactors; the nonsignifi­
cant dlfference in the number of reactors between the 5 zones in the 
Uanos study area; and the presence of 82 per eent reactors in the 4 

Table 19. Epidemiological study of bovine anaplasmosis and babesiosls 
in the lowland tropics of Colombia. 

November 1973-February 1975. 

Percent 
Reactors' 

study No. of Cattle Anaplasma 
Area Tested margínale 

Eastern plains 3034 75% 

North coast 232 91% 

Cauea valley 432 71 Si, 

Total 3698 75%** 

'" 1+. 2-+-, 3+. 4+ reactions Complement-Fixation scroon test, 

** Peroentage anaplasmosis rea.ctors in the 3698 cattle tested. 

*** Percentáge Babesia bigemina reactors in the 3698 cattle tested.. 

Percent 
Reactors" 

Babesia 
blgemina 

42% 

77% 

75% 

48%*** 
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to 6 month oId age group indicate that anaplasmosis is endemic and 
nearly equalIy distributed across the area of the Llanos surveyed. The 
high percentage of Anaplasma reactors in young calves, 49 per cent 
in the 3 to 6 month old group and 82 per cent in the 4 to 6 month 
old group, suggests that the majority of the calves are infected at an 
early age when maternal antibodies and natural resistance help to 
reduce the severity of the infection. 

The decrease in the reactors from 82 per cent in the 4 to 
6 month old age group to 76 per cent in the over 24 month age group 
would suggest that exposure to infection in less frequent in the older 
age group or that sorne of the older cattle were subclinical carriers 
and were not detected as reactors. The low number of ranches which 
reported clínical cases of anaplasmosis during the previous year 
further indicated that the majority of the cattle are infected at a young 
age when resistance to cJinical discase ls maxlmum and that subsequent 
re-exposure occurs at such frequency that few animals become fully 
susceptible to clinical anaplasmosis. 

The uniformly high prevalence 01 Anaplasma reactors may have 
served te obscure the relationship of anaplasmosis prevalence to the 
variables included in the statistical anaIysis, The near significant 
relationship between prevalence and the number of vaccinations per 
animal per year appears to warrant further consideration. The 
practice oi vaccinating al! cattle in the herd for aftosa every 4 to 6 
months, as is commonly done in the Llanos and in most of Colombia, 
may scrve as an effective means oi transmitting hemoparasitic 
diseases. 

The 42 per cent prevalence of B. blgemina reactors in the Llanos 
indicates that although a large percentage of the cattle are infected 
58 per cent remain susceptible to cllnical babesiosis. The data would 
suggest an unstable situation in which clínical cases of babesiosis could 
be expected to occur in indigenous cattle. However, clinical cases of 
babesiosis during the previous year were not reported by any oi the 
ranch managers on the 37 ranches. The large decrease in Babesia 
reactors from 65 per cent in the 7 to 12 month age group to 30 per 
cent in the age group over 24 months suggest that either a large 
proportion oi the cattle are not reinfested following the initial 
infection, or that a large percentage of older cattle are subclinical 
carriers which were not detected by the CF test. The CF test may be 
expected to detect infection with B. bigemina for perhaps no longer 
than 4 months following a single infection (10). In addition, positive 
transmission tests ha ve indica ted tha t the number of subclinical cases 
oi babesiosis may be higher than indicated by the CF test (5). The 30 
per cent prevalence oi B. blgemina in cattle over 24 months of age in 
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the Llanos, as deteeted by the CF test, was considered to be lower 
than the true number of eattle infeeted, many of which were probably 
subclinieal carriers. 

The 5 to 94 per eent variation in the number of Babesia reaetors 
among the 37 herds in the Llanos study indicated the potential 
occurrence of clinical babesiosis associated with the movement of cattIe 
from a herd wlth low prevalence to a herd with high prevalence. 

The financia! loss whlch anaplasmosls and babesiosls cause to 
cattle production in the Lianos ls difflcult to assess as reliable data on 
morbidity and mortality are not available and assessment must be 
based on information obtained from ranch owners and ranch managers, 
and ls therefore dependent on the ability Di the manager to 
dlfferentlate anaplasmosls and babeslosls from other dlseases. In 
addition, the range type management emp!oyed often results in 
acutely slck cattle dying before being observed. The prevalence of 
anaplasmosis and babeslosis in the Llanos area indica tes that clinleal 
cases of dlsease may occur in older cattle which were not exposed 
at a young age, or in older cattle which have not been re-exposed 
and have subsequently lost thelr immunity. Susceptible cattle 
introduced into the area from non-endemic areas would be subject to 
exposure and clinícal disease. 

The role of anaplasmosis and babesiosis in the "Secadera" complex 
nreds to be clarified. Secadera was most frequently reported as the 
major single dlsease problem on the 37 ranches and ls related to oceur 
most frequently during the dry season in assocíation wlth nutrition 
stress. The syndrome is characterized by a continua! loss in body 
weight accompanied by anemia. Anaplasmosls and/or babesiosis are 
related to be present in nearly a11 cases and are considered to be 
important causual factors in association with nutritional stress. 

B. mieroplus ticks wc're identified on each of the 37 ranches 
visited in the Llanos and were nearly equally distributed within the 
study area as índicated by the nonsignificant difference in tick 
counts between the 5 study zones. The infrequent occurrenee of the 
other 3 species of ticks identified Indicated that their importance as 
vecoors or potential vectors of anaplasmosis and/or babeslosis ls 
limited. The efieet of annual cllmatic variation, such as occurs during 
the wet and dry seasons, on tick infestation oi cattIe in the Llanos 
needs to be determined to accurately assess the possibility of babesiosis 
due to instablIity in the vector population. Unstable epldemiological 
situations may be expected when tick populations are either natura11y 
or artificlally reduced to such low levels that the frequency of 
transmlsslon ls insufficlent to maintain infection in young anlmals 
when passíve ímmunity and natural resistance is highest (6). 

45 



N'orth ooast study 

The 83 per cent prevalence of Anaplasma reactors in the pregnant 
cows and the 100 per cent infectlon of all 112 calves tested In the 
North coast study indicated that anaplasmosis is endemlc on the 4 
ranches included in the study. KuttIer, Adams and Zaraza. tested 151 
cattle for anaplasmosis at the roA Turipaná Experimental Statlon, 
which Is centrally located in relation to the 4 ranches included in the 
study, and reported 91 per cent reactors (8). The resulta reported by 
KuttIer, et al., and the results from the 4 ranches indicate the hlgh 
prevalence oi anaplasmosis in the area and further suggest thaf 
anaplasmosls Is highly endemic in the North coast region. 

The mean age oi infection oí the calves with anaplasmosis and 
babesiosis (11 weeks), indicated the calves were infected at an early 
age when maternal antibodies and natural resistance provided 
maximum protection against the development of severe clínical disease. 
The occurrence of only 2 cases of "apparent" clinical dlsease in the 
calves; the low Anaplasma and Babesia parasitemias; and the mínimal 
decreases observed in the mean PCV's indicated the calves were not 
severely affected by the infections and that recovery was rapid. 

The 100 per cent infection oi the 107 calves with B. bigemlna 
suggested that babesiosis due to lnfection with B. blgemina was 
endemic on the 4 ranches studied and the 57 per cent reactors observed 
in the 120 pregnant cows tested was probably lower than the trne 
prevalence of infection. The low number oí reactors in the pregnant 
cows was attributed to the fallure of the CF test to identify subclinical 
carriers as reactors. Positive transmission tests with CF negative 
cattle (5) and the relativity short perlod of time following single 
infectíon during whieh the CF test will detect B. bigemina lnfection 
(10) indicated CF negative cattle may actually be subclinically 
infeeted. 

Cauea valley study 

The 71 per cent anaplasmosis prevalence and the 75 per cent 
prevalence of B. bigeroina observed on the 6 ranches included in the 
study indicate that both anaplasmosls and babesiosls may be endemíc 
in the Cauea valley. The distance of the 6 ranches from each other 
and the location oí the ranches at the north, south and middle portion 
of the Cauea valley suggest a probably €qual distributlon oi the 
diseases throughout the arca. 

The high prevalence of anaplasmosis and babeslosís in cattle 
greater than 24 months oí age, 83 and 94 per cent respectively, 
indicated the importance oí early lnfectíon oí calves when resistance 
ia maximum, and the probability of cUnica! infections occurring in 
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calves which are conflned until 6 to 10 months oi age when maternal 
antibodies have waned and natural resistance has decreased. 

TIle danger of severe cllnical infection occurring when susceptible 
cattle from non-endemic areas are introduced into the valley was 
substantiated . 

TIla necessity 18 indicated of providing protective measures to 
calves, which must be confined untll 6 to 10 months of age, and to 
susceptible cattle introduced lnto the valley lrom non-endemic areas. 

Summary 

TIle prevalence of Anaplasma reactors in the 3 study areas located 
in the Eastern plains, the North Coast and the Cauea Valley was found 
to be 75, 91 and 71 per cent respectively (Table 19). TIle prevalence 
of B. bigemina reactors in the 3 study areas was 42, 77 and 75 per cent 
respeetively. TIle prevalence and even distribution of Anaplasma 
reactors in the Eastern plains indicates anaplasmosis i8 endemic within 
the entire study area. TIla prevalence oi infection with B. bigemlna 
in the Eastern plains indicates the arca la endemic, however, the wide 
range in prevalenee among the 37 herda studied (5 to 98) suggest the 
disease is not evenly distributed throughout the area. 

The prevalence oi Anaplasma and B. bigemina reaetors on the 4 
ranehes on the North coaat and the 6 ranehes in the Cauea valley, 
though based on inadequate sample aizes for the regions in general, 
suggests that anaplasmosis and babesiosis are probably endemic in 
both reglons. 

TIle importance of exposing calves to infection at an early age when 
passive immunity and natural resistance provide maximum protection 
against ellnical disease, and the necessity oi providing protection to 
susceptible cattle which may be bronght into the 3 areas was lndicated. 

TIle 37 ranches in the Easterns plains are presently being revisited 
during the dry season and the herds retested to detect if changes in 
prevalence have occurred and to determine the incidence of anaplas­
mosis and babesiosis. Tick infestation is being reassessed te determine 
ir the level of infestation i8 affected by annual climatic variation. 

TIle serum samples collected in each of the 3 study areas are 
presently being tested for B. bigemina and B. argentina infection 
using the indirect fluorescent antibody test to determine if the 
prevalence of B. bigemina Is higher than that indicated by the CF 
test and to determine the prevalence oi B. argentina which Is 
eonsidered to be equally as important and widesprcad in Colombia as 
B. bigemlna. 
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THE DIAGNOSIS OF BABESIOSIS IN AUSTRALIA 

D.F. Mahaney* 

The Australian Environrn€cnt 

Three species of Babesia occur in domestic animals in Australia, 
two in cattle, Babesia argentina and B. bigemina, and one in dogs, B 
canis. B. canis causes a very rnild disease in dogs and is oi minor 
irnportance. It has attraeted Httle interest from researehers and 1 do 
not propose to discuss it. The eattle parasites are present in tropical 
and subtroplcal Australia in strict parallel with the distribution of 
their only vector on the contínent, BoophUus microplus. B. argentina 
is responsible for over 90 per cent of the outbreaks oi babesiosls and 
ls economieally more important than B. bigemina. Both parasites 
appear to be distributed evenly throughout the enzootic area. 

Two factors control the distribution of B. microplus. They are (a) 
cHmate, and (b) legislation. In the North and East of the continent as 
far down as the southern border of the State of Queensland. The 
hatehed area on Figure 1 defines the vector distribution. The chief 
factor that controls its movement towards the eenter of the continent 
Is eUmate, assisted by diseasc-control laws which force stock-Owners to 
cleanse their cattle of tlcks to move them from tick-infested to tick­
free zones. These laws prevent the spread of tieks deep Into the free 
areas where they might survive long enough to cause outbreaks of tick 
fever. However, control by law has llttle effeet on the to-and-fro 
movement ol ticks whieh takes place in the vieinity of this Une and 
whieh is the result of cllmatic variation. Within the enzooUe zone 

• there are about 9 milllon cattle, 30 per cent of the Australian herd. 
lt Is not uniformly tick infestect, but is really a complex mosaie of 
zones of different infestation density resultlng from factors as diverse 
as local climate and soH conditions, tick resistance of the cattle, 
stocking rate and methods of husbandry. Some localized areas such 
as the one shown in northern Queensland (Figure 1) are virtually 
tlck-free. 

• 

'* C.S,I.R.O., División of Animal Health, Long PQCket Laboratories, Meiers Road, 
Indooroopilly, QueensIand 4068, Australia. 
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Husbandry methods vary in degree of sophistication. In the 
northem tropícs properties are mostly large (size in square kUometers 
rather than hectares) and cattle are mustered about 4 times a year. 
Under these conditions, tick populationa are influenced by climatic 
conditions rather than by the intensity of artificial control. Further 
South in subtroplcal and warm temperate areas the properties are 
smaller in size, the general standard of husbandry improves and vector 
control may be carried on at any desired level oí intensity. In these 
areas, by applying well established control procedures, a stock owner 
may reduce tick burdens on his herd to a level Buch that the 
presence of the parasite ls not obvious to the casual observer. Tick­
control on properties, however, ls undertaken on a voluntary basia. 

The smal! area marked in black below the Queensland border Is 
an area in whlch the vector has been almost eradicated. 1t marks the 
southern limit of tick infestation on the contlnent. It is a wet, warm 
temperate zone, highly favorable for tick reproduction. It contains 
800,000 cattle which are maintained under strlct quarantine 
precautions with respect to tick lnfestation and babesiosis. Tick 
populations have been very low in the area for many years and 
Babesia have almost disappeared from the indigenous cattle. The 
southward extension ol the ticks is prevented by this quarantine area 
but the problem is that ticks and Babesia are being continually 
reintroduced from the enzootic areas to the Nortb. Foci of infection 
containing either ticks and/or Babesia are immediately eradicated by 
acaricidal treatment and slaughter of infected animals. 

The Diagnosis oi Clinical Babesiosis 

Recognition oi the acute disease is of great importance in the 
situation 1 have just described. It occurs in a variety of circumsiances: 

a) The introduction oi animals from nonenzootic to enzootic areas. 

b) Emigration of animals from localized tick-free areas within the 
enzootic zone. 

e) Spread of ticks outside their normal geographical limita in 
abnormally favourable seasons. 

d) Tbe accidental introduction of ticks to nonenzootic areas on 
travelling cattle. 

c) Local reduction 01 tick infestation in the enzootic area by 
artificial control followed by relaxation 01 control measures. 

f) Occasional occurrence in infected cattle due to breakdown of 
immunity on re-exposure. 
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Whenever a di.sease cJínical1y resembling babesiosls oecurs, the 
organlsm must be recognized as there are a number of other dlseases 
with which babesiosis may be confused. The mlcroscopic examination 
of smears oi varlous types Is therefore the cornerstone of diagnostic 
procedures for the acute disease. It is true that clinicians proceed with 
control measures on clínical evidence alone, but confirmation by smear 
examination ls regarded as essential because it corrects mistakes in 
diagnosis that would otherwise discredit established control procedures. 
It also provides necessary data on prevalence for the benefit of disease 
control authorities. The examination of smears by individual 
veterinarians is not favored as their expertise in this area cannot hope 
to approach that of the specialist staff at diagnostic laboratorles. 

Smears are elther oi the thick or thin variety. Thin smears are 
taken from the peripheral blood and/or visceral organs. Thick smears 
are taken from peripheral blood. When we commenced to use thick 
films we had difficulty in observing B. argentina. It was found that 
Giemsa must contain a high proportion of Azure B in reIation to the 
other Azure dyes in order to stain thls parasite clearIy. Satisfactory 
samples were characterized by a particular absorptlon spectrum 
(Mahoney & Saal, 1961) and it was then a matter oi selectlng sultable 
products from the range of Giemsa powders avaiIable commercially. 

The following table (Anon, 1972) shows the smears recommended 
from the various types of ficId materIal. 

Animals Available 

Acu tely Sick 
(i) animals 

(ii) 1 animal only 

Freshly Dead Animals 
No obvious decomposition 
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Appropriate Smears 

Thin smears of capíllary 
blood from tail tip. From 
as many cattle as possible. 

Thin and thick blood smears. 

Thin blood smears from an 
extremity. 

Smears of the following organs 
in order of preference: 
Kidney 
Heart Muscle 
Spleen 
Liver 
Brain 



Animals in various stages 
of decomposition 

Subacutely sici:: animals 
or recoverlng animals 

Thin blood smears from extremity. 
Smears from following organs 
in order of preference: 
Spleen 
Brain 
Heart Muscle 
Kidney 
Liver 

Thin and thick blood smears 
from as many cattle as 
possible. 

In the interpretation of smears the abundance oí parasites Is 
important. In smears from healthy tick.infested cattle, both B. 
argentina and B. bigemina may be seen. With B. argentina the 
numbers encountered vary between 1 and 100 per thick film and In 
thin fIIms, one or two may be found after 15.20 minutes' search. In 
sick animals, about 1 to 10 parasites per oil immerslon field are usually 
observed in thlck films and about one every 5·20 oi! lmmersion fields 
in a corresponding thln film. Similarly, parasite density in smears of 
organs should be considered. In the braln, for example, B. argentina 
may be found in small numbers in healthy carriers, but in sick 
animals the capillaries are either distended with infected red cens or 
at least contain numbers that are obviously significant. The finding 
of B. blgemina alone is often difflcult to interpret as It rarely causes 
disease in Australia. It Is implicated only if more than 1 per cent of 
the erythrocytes are infected and perhaps if smaller numbers are found 
accompanled by slgns oi anaemia. However, decisions on the 
significance of this parasite are aJways colored by the fact that It 
rarely causes disease. 

Diagnosis in Relatlon to Epizootio!ogy 

The use of thick smears 

The discovery that Babesia could be detectp.d in thick filma of 
the peripheral blood of healthy carrier animals (Mahoney, 1962) 
ushered in a systematic study ol parasite prevalence in cattle. In the 
absence of reinfection, suhclinical relapses of parasltemia were 
observed at interva!s oi severa! weeks in carrler animals over periods 
oi 2.4 years. However, in enzootic herds exposed to continual 
reinfection, the prevalence ol detectable parasitemia rose from zero 
at rnrth to 50 to 60 per cent between 1 and 2 years old and then 
declined as the animals aged. These curves ol parasite prevalence by 
age..group always showed this general pattern even though different 
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levels of prevalenee were observed. These resulta led to the eonelusion 
that superinfection occurred in babesiosis and to the adaptation of an 
epidemiological model used in malaria for the analysis of the Babesia 
sltuation (Mahoney, 1969). The results suggested that the rate of 
Babesia transmlssion in permanentIy tick infested arcas was of a low 
order, in the vicinity of once every 100-200 days for each individual 
animal, and foreshadowed later work on the dynamics of transmission 
which explained how herd susceptibility to babesiosis developed when 
tick burdens remalned low (Mahoney & Ross, 1972). 

Use of serological diagnosis 

1) The Rlsk of Babeslosls 

In common with other vector-borne diseases. babesiosis ls a 
paradox for the stock-owner. Efficlent control of the vector ls 
economically desirable but in achieving this, the rate of transmission 
of Babesia is reduced below that required to mainta!n herd immunity. 
The development of a susceptible segment in a herd occurs unnoticed. 
because the stockowner has no way of knowing abaut it until the 
disease actually occurs too iate for prevention. It is therefore a feared 
disease. 

The dynamícs of this situation depend on the following factors: 

( i) Immunity after one infection lasts for years, and therefore 
susceptible animals are derived from one source only: calves growing 
up without exposure to infection (Mahoney, Wright & Mirre. 1973). 

(!!) Calves are protected from clinlcal disease by several factors 
for variable perioda after birth. The limit of the range is probably 
about 9 months. This ia the maximum time for wl1ich calves ahould 
remain free of B. argentina infecUon in a tick infested environment. 

(ill) For enzootic stability, infection has to occur at arate 
sufficient to expose aH calves at least once before 9 months of age. 
This rate can be expressed as an average daily probabílity. It ls a 
simple mathematical exercise to show that the daily probability of 
infection for each animal in a herd has to be about 0.01 ii all calves 
are to become infected by the time they are 9 months old (Mahoney & 
Ross, 1972). Actual probabilities of infection encountered in the field 
will be greater or less than this depending on the number of ticks in 
the environment. 

Figure 2 shows how susceptible and irnmune segments develop in 
herds exposed to constant average daily probabilitíes of infection in 
the range of 0.0001 to 0.05. Each block diagram is produced by 
computer simulation oi the occurrence of babesiosis in a herd oi 100 
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hold in short term experiments wlth B. taurus cattle. B. indicus-cross 
cattle, however, appeared to require rugher levels Di tick iníestation to 
produce similar rates oí transmission to those observed in the B. 
taurus herds. For example, Figure 4 shows the tick infestation in three 
groups of experimental cattle maintained with different levels of tick 
infestation evaluated by weekly adult tick counts (Wharton & Utech, 
1969). The percentage oí the calves in each herd found to be infected 
with B. argentina at weaning (7-9 months of age) ls also shown. The 
continuous.stocking and pasture.spelled groups were B. taurus breeds 
and their rates of babesial infection agreed well with the predictions 
in Figure 3. On the other hand, B. inditlus cross catt!e (i. e tick­
resistant group) with 7 ticksjhead/day showed no infectíon in calves 
at weaning although a similar level of tick infestation on B. taurus 
cattle would have infected between 30 and 70 per cent of the calves 
before 9 months of age. Obviously the babesial infection rate in the 
tick popu!ation propagating on the B. indicus group was lower than 
that on the B. taurus cattle. 

These diagrams demonstrate that an important thing to know about 
enzootia babesiosis i8 the proportion of calves that become infected 
before they are 9 months of age. 1f this Is 75 to 100 per cent. the 
epizootiological situation should remaín stable. If less than 75 per 
cent, the disease i8 likely to become unstable, and vaccmation is 
required to eliminate this risk. The only practical method for 
determination of infection rates in young cattle on a herd basis Is a 
serological test. Our interest in serology of babesiosis In Australia 
arose from such considerations. flrst, as a method of research to 
investigate the dynamics ol Babesia transmls.<ion ando secondiy, as a 
practica! means of helping stock-owners predict the risks from clinical 
babesiosis after tick-control programs have been appUed. There has 
been a trurd more specializect use in the tick eradicatíon area to 
eradicate subclinical infection from herds quarantined for tick 
infestatlon andíor babesiosis. 

2) Evaluation of Serologiea1 Tests 

(1) Complement flxation 

The CF test employed a crude antígeno The only refinement 
was the concentration oI parasitized erythrocytes from blood by the 
use of a hypotonic saline solution (Mahoney, 1967). B. argentina 
infected cells are more resistant to osmotic Iysis than noninfected cells 
and 0.40.0.50 per cent salt solutions usual!y leave the infected cells 
intacto They may then be recovere<! by centrifugation. The CF 
antigen ís prepared from the concentrated infected.cell suspension by 
Iysis in distilled water and recovery of the parasite-stroma mixture 
by centrifugation. 
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Fig. 4 'I'he tick infestation in three groups of experimental cattle evaluated by 
weekly .dult tick counts, 



Tha characteristics of the CF test are: (a) about 2 percent false 
positive reactions occur in noninfected cattll' (However, there Is Iittle 
craBS reaction between species oí Babesia); (b) fairly low sensltivlty. 
The test ls a reliable indication of subclinical infection for only the 
first 4·8 months of the carrier period. Antibodies fal! below detectable 
levels before infeetion ls lost (Mahoney, 1964). 

The sensitlvlty of the CF test shows further decline in the enzootic 
sltuation because young anlmals, pl'Otected by colostral antibody, 
develop mild infectlon. Antlbody formation ls depressed first by the 
presence of passively transferred antibody and secondly by poor 
antígenic stirnulation from mild Infection. We have found the CF test 
ol very limited value In our epidemiological investigations of enzootic 
babesiosis. Nevertheless in the eradlcation area oi N.S. W. it was used 
extensively and effectively in surveys and also in the eradication oi 
new foei of lnfectlon (Watts. 1969; Curnow. 1973a). Presumably this 
was because the situatlon was not enzootic and all infected cattle had 
experienced heavy antigenic stimulation and developed high levels of 
detectable antibody. 

(ii) The indirect hemagglutination test 

This test was tried first in the early sixty's using erude 
soluble antigens, but in thls form, was considered to have tittle 
advantage over the CF test (Curnow & Curnow, 1970). However, the 
purification of antigeníc material from parasite extracts resulted in a 
marked improvement in its sensitivity and the test was developed for 
the routlne diagnosis of B. argentina infection in our laboratory by 
1970. 

A choice of two serologlcally distinct antigens ls available. Orle Is 
obtained from the soluble material inside the infected erythrocyte 
which is released simply by lysis in distilled water. The other is 
obtained from soluble material released by sonie disintegration oí a 
parasite.stroma suspension (Goodger, 1971). In both cases, the final 
purification step involves gel filtratlon on Sephadex G200 and recovery 
of antigen in the largo molecular weight fractlon present in the void. 
volume of the column. The percentage of false positive reactions in 
serum from noninfected cattle was origlnally in the high range of 2.8 
percent. However, severa! reutine procedures have redueed these 
reactions to about 0.5 pereent. They are: 

1. Serum ls not allowed to stand overnight in the clot but 
removed after several hours. This is a common difficulty in testing 
field serum. 

2. Prior to the test, semm is absorbed with the tanned and 
aldehyde treated sheep erythrocytes and a180 with a fractlon prepared 
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trom normal bovine erythrocytes by the same method as that used to 
prepare the babesial antigen. 

In experimental infections with B. argentina in cattle maintained 
tick free under laborat<lry conditions, titera to the H.A. test persisted 
for years. Under these conditions, ita sensitivity in detecting subclinical 
infection was 100 per cent and cross-reactions with B. bigemina antisera 
were confined to a short period after infection of the donor, In 
enzootie herds subject to continual tick infestation, however, we have 
occasionally obtained a negative result In a young animal that was 
shown to be infected by subinoculation of bload lnto a splenectomized 
cal!. The lncidence of such false negative reactions ls 2.5 percent. 
Another souree of error in field tests ls the presenee oí colostral 
antibady which persista in calves from immune mothers for about 2 
months after birth (Goodger & Mahoney, 1974a). With B. bigemina, 
evaluation of the test in experimental cattle has also demonstrated 
100 percent efficiency in the detection of subclinical iníection, but in 
herds in the enzootic area the incidence of false negative reactions in 
in cattIe up to 12 months old has been high. 

In our hands therefore the HA test la a highly efficient diagnostic 
method for B. argentina and i8 considered to be ideal for surveys of 
the incidence of this parasite, not only because of the high diagnoatic 
efficiency but because of the large through~put of samples that can 
can be achieved with the technique. 

Unfortuuately, similar efflciency in the diagnosis. of B. bigemina in 
enzootic areas in Australia has not been obtained. This might be 
caused by the extremely mild nature oí infection with this parasite 
which causes a weak antigenic stimulus in the host. It might also be 
true that the most efficient antigen has yet to be isolated. 

(ill) Indirect fluorescent antibody test 

The indirect fluorescent antibody test is also routinely used in 
the diagnosis oi B. argentina infection in Australia, Its popularity 
emanates partIy from ease of antigen preparation and preservatlon 
and simplicity oí the technique. In tests designed to evaluate 
its efficiency in diagnosis it detected a high proportion of subclinical 
infection (97.6 per cent). Unfortunately it gave the highest oyeran 
incidence of false positive reactions in nonlnfected cattle (3.8 per 
cent) of the three laboratory tests (Johnston, Pearson & Leateh, 
1973a). For this reason, combined with the comparative difficulty of 
performing large numbers of IFA tests at one time, the 
haemagglutination test is preferred to IFA for the diagnosis oí B. 
argentina in our laboratory. A labeled anticomplement fluorescent 
antibody test has also been investigated and found to be as efficient 
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as fue IFA test for the detection of B. argentina Infectlons. It may be 
of use in testing feral animals for babesial infection because their 
specific antiglobulin reagents would not be available for !FA tests 
(Johnston, Pearson & Leatch, 1973b). The use of IFA tecimique for 
the diagnosis of B. bigemina has not been thoroughly investigated by 
any of the Australian groups presumably because of the lesser 
importance of this parasite. 

(Iv) Agglutination tests 

Two simple agglutination tests have been developed in 
Australia. The first was for B. bigemina using a parasUe-stroma 
suspension stained with Giemsa and preserved with formalin. It was 
Inferior to the CF test as a general diagnostic method but showed 
evidence of strain spec!flcity (Curnow, 1973b). Ita potential as a 
method of analysls of antigenic variation oi B. bigemina has never 
been fully explored. 

A field test for the diagnosis of B. bigemina was developed as a 
direct follow-up to our eplzootiological work described eal'lier whlch 
showed that the epizootiological status of a herd migbt be evaluated 
from a determinatlon of the infectlon rate in calves at abau t 9 months 
of age. The laboratory tests were too cumbersome and expensive for 
this kind of disease control work. The test utilizes latex particles as 
the antigen carrier. It is performed on plasma obtained by using a 
portable centrifuge. Evaluated on laboratory infections its performance 
was superior to complement fixation in that subclinical infection was 
detected for up to 19 months arter commencement and false positive 
reactions in nonlnfected anlmals were 2.8 per cent. However, in h€'l'ds 
in the enzootic area that carried low tick burdens and contained a 
high proportion oi young animals in the noninfected atate the 
incidence of false-positive reaction was high _12.5 per cent (Goodger 
& Mahoney, 1974b). Notwithstandlng this difficulty, it Is regarded as 
adequate as a herd test for the guidance of babesioais control 
programs on propertles suspected of being at risk but not yet 
experienclng a disease problem. 

The infected ceIl agglutination test is a spec!allzed method 
developed for the analysis of antigenic variation of B. argentina. lt Is 
of Httle interest as a diagnostic test because of marked straln 
specificity (Curnow, 1968). 1t relies on the fact that the parasites of 
each relapse of parasitemia carry a highly speclfic antigen which coats 
the surface of the infected cell. Each relapse population in the 
individual animal i8 different with respect to this antigen. However, 
we believe that this antigenjantibody system has something to do 
with protection and interest In this reaction iB high at the 
present time. 
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VACCINATION AGAINST BABESIOSIS IN AUSTRALIA 

L.L. CaUow * 

In thls paper 1 will give a very brief account of the history oi 
babesiosis in Australia. This will be followed by more detalled 
information on the development 01 vaccination procedures. It will he 
convenient to present information on vaccination in two parta. Dne 
will deal with the approach used prior to 1964. The other will deal 
with the "modernization" of the methods which hegan in 1964 and has 
continued up to the present time. The role of vaccination and its 
effectivenees in Australia will be discussed finally. 

History of Babesiosis in Australia 

Babesiosis came to Australia irom Indonesia during the Jast 
century. The first recorded outbreaks oi babesiosis were in 1880-81 
near Darwin. During the next 10 years, the disease moved acroes 
Australia toward the areas oi greater development in the East and by 
1890 was causing losses in North-West Quernsland. During the next 
10 yeara babesiosis spread a iurther 1,000 miles South and East until 
by about 1900 it was established at Brisbane near the southern border 
oi Queensland. The infection appeared to become very virulent during 
this time, and it has been estimated that 3,000,000 cattle died 
in Queenaland alone. However, it was aiso a period of considerable 
advancement oi knowJedge oi the condition. The Australian disease 
was identified with "Texas Fever" of North America. Australian 
investigators were quick to seize on the results of blood inoculatlon 
experimente and by 1897 protective vaccination was being practiced. 

The disease also spread in a westerly direction from the original 
focus near Darwin, but did so more slowly, probably because northern 
areas of West Australia remained relatively undeveJoped. Shortly 
after 1900 the great epizootic was over. Except in West AUstralia 
bahesiosis had ceased to spread, probably beca use the vector B. 
microplus had by then occupied virtually aH areas ecoiogically suitable 
for ita survival. It did not become permanently ~stablished in regions 

.. Tick Fever Research Centre. Wacol, Qu~enslnnd. 4076, AustraUa. 
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either drier 01' cooler that lay to the south and west of what had now 
become an enzootic area for babesiosis. 

The final piece of relevant history occurred in the 1930's when it 
was demonstrated that not one but two species of Babesia occurred in 
Australia. Until then losses were always attributed to B. bígemina, 
but after a small species called B. argentina by Legg was shown ro be 
present, it was realised that this was, in fact, the major cause of 
cHuleal babesiosis in Australia. 

Imrnunization Prior to 1964 

Immunization enjoyed great popularity and success between 1897-
1900 when it was used against the rapidly spreading disease. When 
the epizootic stopped, the need for vaccination diminished sharply 
because aJl cattle in the infested areas had eithcr died 01' were 
recovered. Several years later, however, a need for vaccination arase 
again. Sorne of the cattle bom after the epizootic were found to be 
susceptible due to enzootic InstablJity. Other catUe that were being 
imported from tick.free areas of Australia to those northern and 
eastern regions where B. microplu.~ was now firmly established also 
required protection. Immunlzation was performed either by lay 
persons on their own properties al', when especially valuable cattle 
required treatment, by trained staff at governrnent laboratarles. 

In general, the carrier.donor system was used. Cattle were either 
artificially infected by inoculation 01' selected from a naturally 
infected herd. When the donor was no longer experiencing acute 
babesiosis, blood for vaccine was takcn into citrate solution or was 
defibrinated. Tbis "recovered" blood produced less severe reactions in 
recipients then "acute" blood. Doses of up to 5 mI were used. Prior 
to the realization that B. argentina was present in Australia one 
cannot be sure which parasUes were provided by vaccine donors. Tbose 
held at laborat{)ries probably carried B. blgemina alone for rnuch of 
the time. It is certain, however, that donora held on properties and 
exposed to ticks would have transmitted B. argentina and possibly A. 
marginale as well. Whatever the status of the donors, the method was 
generally accepted over a very long period up to the 1950's. By about 
1957 a troub\esome incidence of vaccine failure had become the stimulus 
for laborat{)ry investigations of the effectiveness of vaccination. It was 
quickly esta.blished that the 5 mI dose of blood did not always contain 
sufficient parasites to infect recipients. Variability occurred between 
donors, and it was also found that the infectivity oí the blood ol 
individual donors tended to f1uctuate. 

One can only speculate on the reasons that vaccine failure had not 
been considered a problem earlier. It is Ilkely, however, that enzootic 
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iDl!tability increased appreciabIy during the 1950's due to reduction in 
the tick populatlon. This was caused by a change.over from arsenical 
acaricides to the more efficient chlorinated hydrocarbons. The 
consequent, increased incidence of susceptible cattle would have 
increased the pressure on vaccine to protect, thus revealing its inherent 
deficiency. 

Developmen t of Methods Used After 1964 

The most basic initial investigatloDl! in the development of the new 
vaccine were those of infectivlty. After it had becn shown that blood 
from carrier.donors was about 70 per cent effective when used under 
optimal conditioDl! at the laboratory, dilution experiments using highly 
infective blood were performed to determine at what level infectivlty 
was lost. Using ten.fold dilutions there was no sharp cut·off polnt. 
However, not al! anlmaIs receiving 105 B. argentina subcutaneously 
became infected, and this information was used in the final 
determination of the dose. 

The other useful ¡nitial observation was on the dose response. This 
was found to be linear, and aIlowed the onset of the reaction to be 
predicted, providing the number oi organisms injected was known. 
For example, for current vaccine strains injected subcutaneously the 
relationship Is approximately: 

Parasites 
Lnoculated 

108 

lO' 
lO' 

Time to reaction 
(Days) 

6 
8 - 9 

11 - 13 

As a result of these carly observations, a vaccine containing lO' B. 
argentina was made, and users of vaccine advIsed that they should 
take precautioDl! agaiDl!t severe reactions during the second week 
after inoculation, and particularly at about days 8. 10. The dose was 
fixed at lO' parasites mainly because it was 100 times the dose at 
which infectivity started to be lost, and alIowed considerable margin 
for error. 

Preparation of Parasites 

To obtain sufficient parasites to prepare highly infectlve vaccine 
it was obVious that primary parasitemlas would have to be utilized. 
Prior to 1964, vaccine had always been prepared in cattIe 1.2 years old 
with their spleeDl! intacto The first, highly infective vaccine was 
produced in a splenectomized calf, a few weeks oId. Bload containing 
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about 7xl07 B. argentina/mi was collected from the jugular vcin and 
dlluted to lO' per dose. Serial passage of the strain through 
splenectomized calves was continued, each calf in the series being used 
as a donor of vaccine. 

At various times between 1964 and now, certain modifications of 
the method were made as a resuIt of continuing observat!ons of the 
production and use 01 vaccine. Thus, 

1. B. argentina became adapted during passaging in splenectomized 
calves With two observable effects: 

a) Parasitemias became hígher as the predilectíon of B. 
argentina for the visceral circulation appeared to decrease; 

b) The virulence of the parasite for normal, that is, non· 
splenectomized cattle decreased. 

2. When calves were ínfected in a standard way by ínjecting 10' 
parasites intravenously, these multiplied so that blood contained over 
lO' parasites/mi 4 days later, and was ready for collection. 

3. As the demand for vaccine grew, many more parasites were 
required. These were obtaíned by canulatlng the carotid artery and 
performing an exchange transfusion. Calves survived this procedure, 
and ít was found that further similar collectlons could be performed 
on subsequent days. At times mOfe parasites were produced at second 
and third collections than at the first. 

4. In an attempt to produce still more parasltes from a single 
calf, cort!costeroids were used as immunosuppressants. Higher 
parasitemias were produced, but the practice was eventually 
abandoned because its use appeared to be associated with two 
deleterious effects. These were: 

a) A tendency for calves to die of an acute condition 
by intravascular clotting before vaccine could be collected; 

b) Vaccine failure following the use of parasites exposed to 
cortisone, suggesting sorne modificatlon of antigenicity. 

5. After several years of passaging it was found that three strains 
oi B. argentina were no longer transmlssible by the tick vector. There 
has been no change in the immunogenicity oi these atraina which are 
now being used in vaccíne in preference to transmissible ones. 

Prepa:ration 01 Diluents 

Dilution Is required to reduce the number oí parasites to lO' /dore. 
A number of synthetic diluents, such as PBS, buffered citrate solution, 
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A1sever's solution and Tyrode's solution were tested; al! were much 
inferior t{) citrated bovine blood in maintaining the infectivity of 
parasites. Plasma was comparable with whole blood and serum slightly 
1ess effective. As a result of this first series of tests, normal bovine 
blood was used as the vaccine diluent. About 5 years after the 
introduction oi the new vaecine, hemolytic anemia was observed in 
the new.born calves of a small percentage of vaccinated COWS. This 
resulted from the sensitization of the cows by injections of blood 
vaccine and the transfer of hemolytic antibodies in colostrum to 
their calves. One of the steps taken to deal with the problem was to 
reduce the quantity of erythrocytes in each dose of vaccine. A new 
celI-free diluent has now been used for several years. This contalns 
50 per cent bovine plasma mixed with a balanced sa1t s01ution. The 
work wlth dUuents is continuing, the most recent modification being 
the addition of glucose which may become depleted in certain batches 
of plasma. Current testing ia aimed at reducing the proportion of 
plasma in the dUuent. 

Maintenance of lnfectivity 

As stated above, the effectiveness of vaccine depends on its 
infectivity. Infectivity is retained for much Jonger perloda when 
parasites are chilled than if they are held at room temperature. As a 
result of studies of parasite survivaI, the followlng methods of 
preparing and using vaccine were adopted. 

1. Vaccine was chilled to about 4' e as soon as it was collected 
from the calf. 

2. It was stored and used for up to 1 week and then discarded. 

3. To counteract the death of parasites during storage, the 
proportion of infective cal! blood used in the vaccine mixture was 
increased each day by a faetor of 1. 5. Thus, on day 7, ten times as 
much calf blood was used to provide 101 viable parasites as on day O. 

4. Vaccine was sent chilled to the field in a special ice pack. The 
dose volume was reduced from 5 mi to 2 mI to facllitate transporto 

5. Farmers were advised to use the vaccine as socn as posslbJe, to 
store It in the refrlgerator whenever possible and not to keep It more 
than 7 days even when it was being stored under optimal conditlons. 

Control of Contamination 

The mast likely type of contamination of a fairly serious nature 
during vaccine productlon is with blood·borne agents Including "wUd" 
strains oi Babesia, Anaplasma marginale, Eperythrozoon, TheUeria 
mutans, Trypanosoma theUeri and Dorrelia theUeri. 

67 



The most alarming prospect of contamination Is with other 
specific viral and bacterial infections of cattIe, such as, ephemeral 
fever in Australia, blue tongue in areas enzootic for that disease, 
salmonellosis and Jeptospirosis. The agent of bovíne Icucosis is a 
particularly dangerous, potential contaminant. 

The most common but least serious form of contaminatlon la wlth 
skin and air.borne organisrns that may enter the vaccine during 
collection from the calf and during handling in the laboratory. 

1. The measures taken to prevent contamination with other blood 
parasites are: 

a) Purchase of vaccine cattle from districts not enzootically 
aftected by tick.borne diseases; 

b) Serological testing of vaccine animals for Babesia and 
Anaplasma; 

e) Monltoring of bIood films and rectal temperatures at the 
laboratory to detect infection developlng in vacclne anlrnals, prior to 
their use; 

d) Selection of young calves that are unlikely to have been 
exposed to lnfections with Eperythrozoon, T. mutans, trypanosomes 
and spirochaetes; 

e) 8t1'ict quarantine measures to p1'event B. microplus becoming 
established in areas where vaccine animals are kept; 

f) Isolation of vaccine animals away from animals infected 
with A. marginale. 

2. Measures taken to prevent vaccine becoming infected wlth 
pathogenic bacteria and viruses are: 

al Purchase oi healthy cattle and regular health checks 
including serological testing; 

b) Hygienic precautions to reduce the spread oi salmonellosis 
oi calves; bacteriologlcal testing oí calves and vaccine when Salmonella 
is suspected oi being present; use oi strong healthy calves for vaccine 
production; 

el Continuous monitoring oi white cel! hematology to detect 
leukotic changes in animals used to provide blood for transiusion and 
plasma for dUuent; 

d) 8uspenslon oi vaccine production if infection oi animals has 
been observed 01' is suspected. 

3. Measures taken to prevent contamination during collection and 
handling are: 
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a) Use of steríle technique where possible and hygienic 
precautions at a11 stages of productlon; 

b) Addition of antibiotics to the vaccine. 

Over the last 10 years no major instance of contamination has been 
observed. In this time 11-1/2 millíon doses of vaccine have been 
distributed. On two occasions small batches of vaccine were discovered 
to have been contaminated with A. marginale. The owners oí cattle 
inoculated with this vaccine were advised, the animals treated, and 
no losses occurred. Other undetected breakdowns in the system may 
have occurred, but there has not been a single report from the field 
suggesting any untoward effect due to contaminated vaccine. The 
greatest difficuIty at the laboratory has been with saImonelJosis. 
Bacteraemias have been detected at the time vacclne was being 
collected from calves. Production stopped for several days during an 
ephemeral fever epizootic, bacause adult animals used for diluent 
preparation were affected. All these animals are now serologically 
positive to this disease and are considered to be immune. In the more 
recent ephemeral fever outbreaks, diluent is stored for at least a week 
before use, during which time donors are watched closely for slgns of 
sickness. 

TIte Use oí Babesla bigemina in Vaccine 

It has been obvious for many years that B. bigemina causes 
relatively Uttle economic 1085 in Australia. This organism was, 
however, included in vaccine prior to 1964. It was elimlnatod from 
the standard vacclne for the follow!ng reasons: 

1. An experiment was performed in which three groups of cattle 
were immunízed against B. argentina alone, and then exposed to 
natural babesiosis in three different regions of Australia. All 32 
animals in the experiment became infected wlth B. bigemina almost 
immediately, indicating a high infectlon rate with this paraslte in the 
ticks infesting them. However, not one of the animals showed any 
clinical signs of Infectlon indlcatlng the low pathogenlclty of the 
parasite. 

2. When B. bigemina Is taken Into the laboratory and maintained 
by blood passage, virulence increases. It was observed that cattle were 
suffering more acutely from vaccine reactions than from natural 
Infections. 

At the present time, B. bigemlna rarely causes significant 1088. If 
a serious outbreak occurs vaccine containing the parasite Is specially 
prepared by infecting a splenectomized cal! with frozen parasltes oí a 
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straln known to be in an avirulent phase. Thls vaccine is also used 
somet!mes to vaccinate cattle being exported from Australia. 

FieId Use 01 Vaooine 

Owners and agents place orders for quantíties of vaccine ranging 
from 1 dese to several thousand. These are prepared individually from 
stored components and dispatched directly te the user. As more 
Information on the epizootiology of babesiesis and on the immunity 
produced by vaccine has become avaliable, recommendations for its 
use have been modified. For example, during the first years alter 1964 
It was consldered necessary to revaccinate cattle at regular intervals. 
Hígh levels of irnmunity were generally observed, but sometimes cases 
oi natural babeslosis were seen In repeatedly vaccinated cattle. A more 
serlous consequence was the hemolytic anemia oi new-born calves, 
referred to earller, which followed the hyperirnmunization oi cows with 
bovine blood. lt was found that two vaccinations, the second with a 
straln oI B. argentina different from that used at the flrst, produced 
a more substantial lmmunity than repeated vaccinat!on with a single 
strein. It is now recommended that cattIe at risk receive two 
vaccinations with different strains as early as possible in llfe, and 
preferably before they reach breeding age. This approach and the 
use of eelI-free vaccine diluents appear to have reduced the incidence 
of hemolytic anemia to a low level. 

Vaccination agalnst anaplasmosis is also performed in Australia 
with a living vaccine based on a strain of A. centrale. When this is to 
be used, we recommend that it be included with the babesial vaccine 
for the first vaccinatlon. 

Present Status of Vaccination 

The major role of the vaccine is to reduce losses in cattle bom 
and bred in the enzootic area, but which faH to become naturally 
immune because oí enzootic instability. It is also used to protect cattle 
being imported into the enzootic zone from tick.free areas and certain 
susceptible Australian cattle being exported to tropical countries. 

How useful ia vaccination? We now have evidence that vaccination 
reduces the incidence oi babesiosis by well over 90 per cent. Firstly, in 
fieId trials of the efficacy oi vaccinatlon there are 16 times as many 
cUrucal cases of B. argentina in unvacclnated as in vacclnated cattle. 
Secondly, from diagnostic records it appears that cllnical attacks occur 
13 times more frequently in unvaccinated than in vaccinated animals. 

The new vaccine was accepted te an unusual degree by the farming 
community in Australia. Before the change was made in 1964 about 
100,000 doses were supplied annually. Four years later, the demand 
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had risen to 1,200,000 dores and has been maintained at slightly above 
that level up to the present time. Approximately 70 per cent ls 
monovalent B. argentina vaccine, most of the balance being B. 
argentina mixed with A. eentraIe. 

Finally, effective vaccines against tick-borne diseases provide a 
weapon agalnst the vectors which may constitute a greater threat 
than the diseases they transmit. This is the case wlth B. microplus 
which is a problem in many tropical and sub. tropical countrles. When 
owners are persuaded that their cattle can be protected by a vaccine, 
and not be dependent for their immunity on tick infestations they 
are more likely to cooperate in any plan to reduce tick numbers or 
even eradica te fue pest. 
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ACARICIDE RESISTANCE IN BOOPHILUS MICROPLUS 
IN AUSTRALIA 

R.H. Wharton * and W.J. Roulston * 

The development of acaricide resistant atraina of the cattle tick has 
been a recurríng phenomenon over the past 30-40 years, in Australia 
and South Amedca where Boopbllus microplus occura and in southern 
Africa where the so-called blue-tick BoopbUus deooloratus is the usual 
one-host cattIe tick (Wharten & RouIston 1970). Araenlc was used 
successfu!1y to control, and in sorne areas, te eradlcate cattle ticks in 
Australia for nearly 50 yeara after ita acarlcidal properties were 
discovered about the turn of the century. It ls still used in quarantine 
dips at the U. S. A. - México border and in sorne dipping vats in 
Queensland. Unfortunately the resistance that eventually developed in 
Boopbllus to arsenic, developed much more rapidly te DDT, to BHC, 
toxaphene and dieldrin and te organophosphorus (OP) and carbamate 
chemicaIs. In order to appreciate why acaricide resistance is so sedous 
a problem in Australia it Is necessary te understand the condition 
under which B. microplus exists and the approaches that are adopted 
te alIeviate its effects en cattle. 

Boophilus microplus in Auslralia 

The principIes on which control are based are (a) prevention oi 
Uve body-welght losses and/or death from the direct effects oi 
engorging ticks and (b) prevention of clinical disease from infection 
oí cattle with the tick fever blood parasites Babesia argentina, B. 
bigemina and Anaplasma marginale. A recent inquiry estimated that 
the annual cost of the cattle tick in Australia was $42 million * *; direct 
oosts of $5 million to Governments, $9 million te cattleowners 
(including $3.5 million for acaricides), indirect costs of $27 million, 
(including $18 million production 10ss due to the effects of the cattle 
tick, $2 millian deaths from ticks and tick fever, $7 mi1lian reduced 
value of hides and $1 mimon research costs) (Cattle Tick Control 
Commisslon Inqulry, 1973). Eradication would provide the on/y 
permanent solution but has never been a practlcal proposition since 
the cattle tick was introduced into northern Australia from southeast 
Asia over a century ago. 
*Cf.S'J,RO .• Long }aocket Laboratories, Indooroopilly, BríS'bane, Australia. 
** Figures in U ,S. dollars. 
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In Asia B. microplus, Babada and Zebu (Dos indicus) cattle have 
been associated for many thousands of years and a state of equllibrlum 
between the host cattle and its parasites has evolved. Also, under most 
circumstances, the cattle live close to man in densely populated areas 
and are collected every night and housed either within ar adjacent ta 
human dwellings. They rarely carry large numbers of B. mieroplus and 
infesiations of more than ten engorged females per animal appear to 
be uncommon (R.R. Wharton unpublished) and cUrucal disease due 
to Babesia and Anaplasma is not a problem, a1though it Is in imported, 
non-immune, dalry cattle (Legg, 1959). This fact has been forgotten 
or overlooked in many Asían countries in recent years when cattle 
have been imported tram tick-froo areas. 

In Australia, the associatlon was, and still Is, entlrely dlfferent. The 
first contacts were in the Northem Territory, a sparsely inhabited 
area, where the cattle industry was essentlally an annual harvesting 
of wild cattle, a11 or nearly a1l oí which were of Brltish (Shorthom) 
80s tauros origino Stocklng rates were oí the order of 1 beast to 10 
ha (25-30 acres) and the country was lightly timbered wlth a 
sclerophyIl eucalypt-dominated woodland. Cattle raising was conducted 
under these conditions on vast areas of the North of Western Australia, 
Northem Territory and Queensland. They are now occupied by the 
tick and remain for the most part unchanged; cattle owners make 
only a crude estlmate of thelr cattle numbers, based on an annual 
mustering for branding, castration and sale. Obviously these are not 
the only conditions under which cattle and B. microplus co-exist in 
Australia today. Table 1 shaws the areas occupled by the tick and the 
numbers of cattle directly affected by its presence in the vadous States 
in 1972 (Cattle Tick Control Commission linquiry, 1973). These areas 
range from the reJatively unfavorable drier troplcs discussed aboye, 
ta very favorable wet tropics where cattle on improved pastures are 
maintained at a beast te 0.5 ha (1 acre) and cooler sub.tropics where 
winter temperatures limit tick survival and cattle may be on excel1ent 

Table 1. Numbers 01 eattle present in arcas infestOO by tbe cattle 
tick in Australia (1972). 

Región --------
Queensland 
Northem Territory 
Westem Australia 
New South Wales 
Australia 

Cattle 
(Millian) 

6.2 
0.75 
0.67 
0.88 
8.5 

Area 
Km' (sq. mi) 

920,000 (353,000) 
360,000' (140,000) 
400,000' (150,000) 

20,000 ( 7,000) 
1,700,000 (650,000) 

--------------~----------~---~------
• Crudo estlmaIes. 
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pastures at a beast to 0.5 ha (1 acre) or on leas productive mixed 
pastures and woodland at a beast to 2.4 ha (5.10 acre). In the context 
of tick control in Australia 1t i8 also important to recognize that labor 
is expenslve and it ls not unusual for an owner assisted by one, or 
perhaps two, stockmen to manage 2000 cattle on 6000 ha (15000 acres). 

The first contacts between B. microplus and cattle in northern 
Australia were disastrous, mainly because of Babesia, but also because 
of tick control in Australia lt ls also important to recognize that labor 
breed cattle. Losses of 50.80 percent were not uncommon (Seddon, 
1952) and, during tbe perlod from 1896 to 1903 when the tick was 
spreading and becoming established along tbe Queensland coast, cattle 
numbers fell from 6.8 to 2.5 million (Anon 1968.9). It ls impossible 
to determine what proportion of tbis decline was due to ticks since 
this periad coincided with one of the longest and most severe droughts 
in Queensland's bis10ry (Foley 1957). Comparable losses occurred 
among sheep which were unaffected by ticks but cattle owners 
attrlbuted a great part of their losses to ticks and tbis has left a 
legacy of fear of ticks and tick fever that remalns today. 

Cattle that survive tick fever develop an innnunity to reinfection 
and calves horn by lmmune mothers do not show cllnica! disease 
provided they are infected by about 9 months (Mahoney & Ross 1972) . 
Thus, tick fever is not a serious problem in enzootic areas, provided 
transmisslon is malntalned at a satisfactory level and this may require 
a populatlon 01 about 5.10 engorged female ticks per day on cattle 
(Mahoney & Ross 1972). These facts were unknown to cattleowners 
and scientists at the time the cattle tick was spreading. Their efforts 
were directed toward (a) developing a crude vaccine 10 protect 
uninlected cattle, (b) devising methods for k!lling parasitic ticks on 
cattle, and (c) Jimiting the southward movement 01 the tick to the 
more densely populated southern areas of Australia. They were 
moderately succeasfuI in two of their objectives, infected "bleeder" 
cattle served as a valuable source oi crude vaccine for many years 
before the more reliable standardized vaccines were developed (Callow 
& Mellors 1966) and arsenic in dipping vats protected cattle from tick 
infestatlon for many years in Australia, Africa and the Americas. They 
probably also suceeded in preventing tbe cattIe tick from reachlng lts 
southern llmit on the New South Wales coast where, unhindered, the 
tick would probably survlve at least 300 km (200 miles) further south 
tban the eldsting quarantine 1ine (McCulloch and Lewls 1968). This 
would place tbe southern lirnlt at between 31 and 32" S which ls similar 
to the soutbern Jlmit in Brazil (Figure l). 
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Approaches ro Cattle Tick Control 

The attitudes and control policies adopted during the early years 
of the cattle tick in Australia deterrnined to a very large extent the 
subsequent approaches to the problem by cattleowners and by 
government authorities. 

In Queensland, and North Australia generally, there was no 
practical alternative to a policy of living with ticks and tick fever. 
Government participation has been concerned mainly with control 
over stock movements, particularly the movement of cattle trom tick. 
infested to tick.free country; the development, production and 
distribution of tick fever vaccines; the registration of acarlcides; 
monltoring for acaricide resistance; and with advice for cattleowners. 
The policy of living with ticks and tick fever coupled with (a) the 
belief stated by Riek (1965) that cattle "are immune to tick fever for 
varying periods oi time and under field conditions immunity Is 
maintained by constant reinfection wlth infected ticks" and (b) a 
cattle industry based until recent yeara almost exclusively on British 
breed cattle, led cattIeowners to rely on acaricides to "manage" their 
tick populations at a satlsfactory level Le. too low t{) cause obvious 
harmful effects but high enough to ensure maintenance of tick fever 
irnmunity. The usual management practíce has been for the cattleowner 
to learn by experience how frequently cattle require acaricidal 
treatment and this may vary from 4·5 times per year in southern 
Queensland tu 6-8 times in central and 10-12 in northern Queensiand. 
This approach is the most practica! for the cattleowner but is expenslve 
in terms of labor and acaricide and has failed because the cattle 
industry has been based on European (808 taurus) cattie. When 
acaricide.resistance occurs the cattleowners may have to treat his 
cattle at weekly or fortnightly intervals and the frequent mustering 
becomes an intolerable burden. With the development of a highly 
efficient vaccine, tick fever due to Babes:ia can be removed as a threat 
and sorne cattle.owners on well.developed propertles are now willing 
to reduce and keep tick numbers at very low IeveIs. However traditlon 
dies hard and many still like to see a few ticks on their cattle because 
tbis indicates that the cattle are retaining their immunity. 

Management strategies that take advantage uf weak links in the 
l!fe system e. g. strategic (planned) dipping or pasture spelling have 
special applications but have faUed as general control measures in 
Queensland beca use of the varied conditlons of management -pasture, 
oattle and human- that prevall (Wharton 1973). CattIe that are 
resistant to ticks, expressed by their ability to prevent large numbers 
oí ticks from maturlng, are the most attractive and logical approach 
and have reduced the tick to an insignificant problem (as in Brazll) 
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on many eattle properties in northern Australia. The faet that 
resistanee is associated primarily with Zebu eattle was the main 
reason why this approach to tick control was not adopted earlier. A 
major change in cattleowners' attitudes occurred in the 1960's and 
Zebu x British cattle now dominate in tropical areas. The change in 
attitude has yet to occur in the majority of ca ttleowners in the 
subtropical areas where the most severe problems of acaricide 
resistance exist. 

In New South Wales, eradieation has always been the objective. 
Relatively small campaigns have succeeded in areas marginal for tick 
survival but the largest and most ambitious campaign in 1956-7 
failed (Mackerras et al. 1961). Tíck and tick fever control have 
been maintained for many yeara at a very high leve!. A government 
authority directs and finanees control; it provides dipping facilities, 
instructs cattleowners when and where to dip their cattle, and rigidly 
controls stock movements related to gazetted Tick Quarantine Areas 
and from Queensland to New South Wales. This approach arose from 
fears that the tick would occupy aH the cattle arcas of eastern 
Australia and the consequent efforts taken to prevent its southward 
spread. A double fence was constructed at the N .S.W. Queensland 
border and remains guarded to prevent the introduction of ticks from 
Queensland beeause of the different policies north and south oí the 
border. To the north, tick fever is enzootic and cattle may be expected 
to be infected at sorne time with Babesia. To the south, tick control 
is maintained at such a high level that tick fever Is not normalJy 
transmitted (Curnow 1973). Some 880,000 non-iromune cattle within 
the quarantine area are protected from the threat of ticks and tick 
fever by a "strategic dipping" program at 3-week intervals in the 
spring and summer. This has resulted in only 40-50 tick infestations 
and 3-4 tick fever outbreaks being found per year in the 8000 cattle 
holdings in the quarantine area over the past 7-8 years (Cattle Tick 
Control Commission Inquiry, 1973). It is believed that the majority 
of these tick infestations and tick fever outbreaks originated in 
Queensland. 

Development, Beoognition and Significance of Reslstance 

Resistance has developed to al! acaricides that have been used 
extensively against B. microplus in Australia. However, the rate of 
development and its signifícance in relation to control have varied 
with the type of acaricide and the way it has been used. Table 2 shows 
that resistance has developed more rapidly in Queensland than in New 
South Wales indicating that a policy oí "living with ticks and tick 
fever" based on the uncontrol!ed and often haphazard application oí 
9.Car!cides produces resistance more rapidIy than the "maximal 
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Table 2. Beeords of acarieide resistanee to B. microplus in Australia 
relative to the type of acarieide, period of use and region 
where resistanee developed. 

-------_. 
Year Year resistance recognized 

Acaricide Introduced Queensland N.S.W. 

Arsenic 1895 1937 1952 
DDT' 1946 1954 Nil 
BHC" 1950 1952 
Diazinon' * * 1956 1963 1969 
Dioxathion* •• 1958 1963 1969 
Coumaphos"* 1959 1966 1970 
Chlorpyrifos 1966 1970 1974 

• Reslstanoo lo DDT !s 11_ witll _ to pyretluins (Shaw. 0001< and Csrson 
1968J. 

** Resistance to BHC is linked with resistanca tú t.oxapbene 8nd díeldrin; they were 
introduoed independentIy for tick control in Queensla.nd and resistance developed 
índependently (Wharton and Roulslon 19701. They were not used in N.S.W. 

*** A number of OP-chemica1s were introduced at about the same time in Queensland 
and resistance to sorne but not s11 oi the early introductions were linked. Dioxathion 
wns the on1y OP·acaricide used initia11y in N.S,W, and was not used widely until 
1962. 

control" practiced in New South Wales (there i8 ruso a strong 
probability that the majority of the resistant ticks that have been 
found in N.S. W. were migrants from Queensland). It shows also that 
whereas arsenic was used successfully for about 40 years before 
resistance developed, resistance to DDT \Vas recognlzed about 8 years 
after it was first used, to BHC.toxaphene.díeldrin after less than 2 
years and to the OP.acaricides after about 7 years. 

Organopho.sphorus (OP) resistance has crea.ted a fascinating and 
frustrating challenge to all associated with the cattle industry. OP. 
acaricldes were marketed for the first time in 1956 but were not used 
widely until about 1960, yet by 1974 eight resistant strains had been 
recognized. Each is distinct toxreologicalIy and biochemically and at 
least two resistance mechanisms are involved, cholínesterases that 
are relatlvely insensitive to inhibition by OP.acaricides and 
detoxification systems that metabolize the chemicals to non-toxic 
metabolites. Some strains combine both mechanisms. 

The History 

1962·3: Control falled in central Queensland and a commercial 
company reported resistance in laboratory tests in England (Shaw & 
Malcolm 1964). Similar failures becaroe apparent in the same and 
other areas and Australian authorlties conflrmed the resistance in 
laboratory tests and undertook spraying trials to determine the 
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significance of resistance in relation to control (Roulston et al. 1968a). 
BiochemicaI studies in England and Australia showed that although 
the resistant ticks exhibited reduced cholinesterase (AChE) actlvity, 
resistance was due to decreased sensitivity of the tick AChE (Schuntner 
et al. 1968). Because strains from several areas demonstrated simUar 
properties it was decided to name the resistance after the locality 
where it was first recognized. Thus the name Ridgelands carne into 
scientific literatura. Resistance extended to a wide range oi OP and 
carbamate chemicals and four out of the six commercial acarlcides 
available at that time were rendered ineffective. These were dioxathlon 
(deinav), diazinon, carbophenothlon (trithion) and carbaryl (Sevin). 
Reslstance to the remaining two coumaphos (co.ral) and ethion was 
Jow. 

1966: A new type oi resistance was recognized at Biarra in the 
Brisbane ValIey and the ticks exhibited increased resistance to all OP. 
chemicaIs including ethion and cournaphos. A number ol candidate 
acaricides that had been shown to be effective against Ridgelands tlcks 
were aIso eliminated. Resistance to chIorpyrifos (Dursban), bromophos 
ethyI and phosmet (Imidan) was Iow and these acmcides were 
introduced to control Biarra ticks (RouIston & Wharton 1967). 
Resistance was again found to be due to decreased sensitivity of AChE 
to inhibition, but more oi a less sensitive enzyme was present in Blarra 
ticks and was the reason for the increased reslstance (Roulston et al. 
1968b). Spraying trials at about this time demonstrated the potential 
of chlordimeform (ChIorphenamidine, C8514) as an acarlcide (Roulston 
& Wharton 1967). 

1967: Resistance was recognized at Mackay in north Queensland. 
The ticks at firat appeared to be the same as Biarra because of the 
wide spectrum of resistance including resistance to ethion and 
coumaphos. Subsequent toxlcologlcal and biochemical studies showed 
that the ticks differed from Biarra but for most practica! purposes 
they were the same. A major difference was the rezlstance mechanism 
which was shown to be detoxication (Roulston et aL 1969). 

1970: New types of resistance were found that had developed in 
response to the introduction oi chlorpyrifos and bromophos ethyI to 
control OP.resistant ticks (a) ticks exhibltlng very high resistance to 
chlorpyrifos were recorded from three localities in south.eastern 
Queensland. At first It appeared that the increased reaistance was 
associated prlncipally with chlorpyrifos because laboratory tesis did 
not demonstrate significant changes in resistance to bromophos ethyl; 
spraying trials subsequently demonstrated a rnarked deterioration in 
efficiency of both acaricides; ticks of this so called Mt. Alford strain of 
ticks have AChE with similar properties to Biarra AChE but have 
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added deroxlcation as a resistance mechanism (b) ticks exhibiting high 
resistance ro chlorpyrifos were recorded also from Gracemere in central 
Queensland (O'Sullivan & Green 1971); this strain Is an extension of 
Ridgelands, adding detoxication to decreased AChE sensitivity 
(Schnitzerling et al. 1974). 

1971-5: Over the period from 1964-1970 an cffic!ent monitoring 
service, supported by Iaboratory and fieId evaluation of existing and 
candidate acaricides provided bases for accurate diagnosis of the type 
of resistance and for advice on the most efficient acaricide to use. 
With extremeIy hígh leveis of resistance and an even increasing 
compIexity of resistant strains both services have become difficult to 
maintain. 

The new types of resistance that have been recognized in central 
and northern Queensland include (a) Bajoo), characterized by 
resistance to chlorpyrifos, (b) and (e) Ingham and Tully from the 
wet tropics, distinguished by a lack of resistance to diazinon, )ow leveis 
of resistance in laboratory tests that are not correlated with control 
faHures in the field and a greater AChE activity than in susceptible 
ticks. AH depend on detoxication. A disconcerting change has occurred 
aiso in Mackay tícks which appear to have substituted decreased AChE 
sensitivity for part of the de1oxication that was the resistance 
mechanlsm originally; ticks with similar characteristics have been 
found in the field and the strain has been renamed as the Mackay­
Silkwood. Table 3 (arter Roulsron & Nolan 1975) summarizes the 
main features that distinguish the different strains and a surnmary 
of the resistance factors to a variety of acaricides Is included as 
Appendix 1. It should be noted that the strains are characterized 

\ after culturing in the laboratory to eliminate the susceptible component 
, that is present in almost all field samples; the resistance factors were 
JIItermined by exposure of larvae to the acaricide in oil-impregnated 

....,."lIter paper packets (Stone & Haydock 1962, Anon. 1973). 

Efficiency of Acaricides Against Normal and OP.reSÍstant Ticks 

Difficulties in control have increased with the emergence of highly 
resistant strains. Ridgelands ticks were controlled comparatlvely 
easilyand Biarra ticks were controlled effectively, though expensively, 
by chlorpyrlfos and bromophos ethyl. When enhanced resistance to 
these acaricides developed in Mi. Alford ticks, the only OP ..acaricide left 
was the unstable phosmet (Imidan), used as a spray. Cattleowners 
were dipping their cattle 10.12 times ayear instead 4-5 and still unable 
to achieve satisfactory control. The addition of chlordimeform 10 
several OP -acaricides produced satísfactory mixtures, again with 
problems of stabil1ty, but provided a abort breathing space for the 
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Table 3. Characteristics 01 OP.:resistant strains of B. microplus in Australia relative to tbe Yeerongpilly 
susceptible reference straln and classified aecording to the leVel of AChE, tbe insensitivity of the 
AChE to OXOIlS, the metaboHsm expressed as the percentage of oxon and total hydrolytic produets 
present six hoors after treatment with 0.003% eoumaphos and 0.001')'0 chlorpyrifos. 

AClE insensitivity Metabolttes (%) 
YeerongpiUy = 1 (O. 003"" ) (0.001%) 

Leve! Coumaphos Chlorpyrifos 
Mean of AOhE 

resistance to activi1;y total total 
flve OP YeerongpIDy chlorpy· hydrolytic cblorw hydrol:ytlc 

Strain a.carlcides =100 coroxon diaroxon rifosoxon coroxon products pyrltoxon produets 

Yeerongpilly 
(Reference 

susceptible) 1 100 1 1 1 21 47 2.6 2'1 
RidgelandS (1963) 4 21 10 30 10 24 41 
BíaTra (1966) 2'1 42 940 132 84 16 56 2.7 26 
Macl<llY (1967> 6 56 1.3 ! ! 95 
Macl<lly· 

SUkwoad (1970) 7 20 4 39 7 4 75 2.6 80 
Gra.cemere (19'10> 56 21 10 35 4 0.5 33 
Mt Alford (1970) 92 47 1!l5 132 76 16 47 0.4 30 
Bajool (1972) 10 l. I 16 4 0.6 26 
Tully (1972) 3 155 10 4 4 2 116 10 54 
Inll!lInn (1973) 3 160 13 3 3 2 39 0.3 44 
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development oí alternative acaricides. Several satisfactory acaricldes 
have now been marketed and addítlonal candidate acaricides are being 
evaluated. However, these are more expensive, or more difficult to 
manage or are less efficient than a range of OP-acaricides were before 
resistance developed. 

The decline in efficlency of OP-acaricides in relation to the 
Ridgelands, Biarra and Mt. Alford ticks is illustrated in Figure 2 and 
a summary of these data together with additional data on the 
efficiency of past, present and candldate acaricídes against susceptible 
and resistant strains ls included as Appendix 2. The evaluation of 
acaricidal efficiency ls based on spraying trials in which groups of 3 
calves are artificially infested three times a week for 3-5 weeks, then 
sprayed, and the survival of ticks following treatment ls estimated 
from the numbers and weight of eggs produced by engorged females 
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Fig. 2, The changes in efficiency of acaric.i.des against BoophUus mlcroplus in relatlon 
to the development of orga.nophosphorus resistance, 
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that dropped from sprayed and unsprayed groups before and after 
treatment: the efficlency may be then be expressed as the mortality 
over the parasitic life cycle of 22 !lays (Roulston et al., 1971). 

The main features are as follows: 

a) All OP-acaricides as single treatments produced more than 
99 per cent mortality of normal ticks and were more efficient than 
arsenic (77%) or DDT (93%). 

b) The effect of resistance may be very great 01' only minor e.g. 
chlorpyrifos produces 99% mortality of Ridgelands, 907{ of Biarra but 
only 40% mortality of Mt. Alford ticks. 

el The concentration of acaricide is very important particularly 
when dealing with resistant ticks e.g. bromophos ethyI S at 0.05% 
produces 78% control of Biarra compared with 97% if used at 0.1 %. 

d) No modern acarlclde can consistently produce the level of 
control formerly achieved by several OP.acaricides *. Chlordimeform 
at 0.1 % is the most consistent but produces only 97 % mortality of 
Mackay and needs to be buffered in an acid dipping vat to maintain 
stability. Promacyl (carbamate) clenpyrin (lminopyrrolidlne) and 
chloromethluron (thiourea) will control Mt. Alford ticks but at 
increased cost. 

el Amitraz (triazapentadiene) and nimidane (dithietane) are 
potential cornmercial acaricides; arnitraz is unstable unless buffered 
at> pH 10. 

f) Biarra and Mackay ticks are highly resistant to arsenic: a 
proportion of Biarra and Mackay ticks are also resistant to toxaphene 
and a proportion ol Gracemere and Bajool ticks are resistant to DDT. 

In other trials lt has been shown that the additlon of piperonyI 
butoxide will restare the efflclency of carbaryl against OP.reaistant 
ticks (Schuntner et al. 1974): pyrethrum and plperonyl butoxide is a 
highly effective but expensive and unstable mixture, and the synthetic 
pyrethroid NRDC143 ls highly effective (Roulston & Wharton 
unpublished) . 

Distribution. Ineidence and Development in Relation to Acarieidal Use 

Resistance has never been universal and ita development ls clearly 
related to the degree of selection pressure. Arsenic was still belng used 
successful1y on sorne cattle in 1966 and DDT was apparently generaily 
effectlve In 1962 when it was banned because of unacceptable resldues 
despite the emergence of resistance in 1955 (Newton 1967). Similarly 

,., Amitraz was registered in 1975 and produces exceUent control oí aH strain.s. 
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dioxathion, coumaphos and ethion are used successfully in many areas 
in Australia desplte evldence of reslstance in some areas for a 
considerable period. 

Figure 3 shows the areas where the various types of OP.resistanee 
have been recorded in Australia. Resistance ia more common in the 
more densely populated coastal areas where cattle populations are 
higher and acaricldes are U8ed more frequently; it 18 less common in 
the more sparsely populated areas but appears to be spreading and 
has been recorded on propertles where acaricides are used onIy 6.8 
times per year. For several years after resistant straina were discovered 
there was little evidence of thelr movement or development elsewhere. 
TIlus Biarra waa restricted to south.eastern Queensland and Mackay 
to northern Queensland. Now different types oí resistance are being 
diaguosed in the same locality and this adds to the difficulties of 
accurate identification of field samples. TIle Queensland Department 
of Primary Iíndustries established a dlaguostlc servlce in 1964 and 
Table 4 summarizes the diagnoses made over the 1964.1974 periodo It 
is not feasible to determine the exact proportion of cattle holdings 
that are infested with resistant tlcks but it is estimated that there 
are about 16000 cattle holdings in tick Infested areas of Queensland 
and the total of over 3000 dtagnosed cases of resistance indicates the 
widespread significance 01 the problem. 

Ridgelands OP-resistance was found in New South Wales for the 
flrst time in 1969, followed by Btarra resistance in 1970 and Mt Alford 
and Gracemere in 1974. Since 1972 almost al1 infestations foond there 
have been of the Biarra..type (Cattle Tick Control Commission Inquiry, 
1973). 

Table 4. Diagnoses oí OP·reslstance in field sa:mples of B. microplus 
rooorded by the Queensland Deparlment of Primary 
Industries 1964-1974 (P.J. Green unpublished 1975). 

No. 
No. resistant Grace. Mt 

Year Submltted (%) Ridgelands Biarra MIlekay mere Alford 

1964-5 49 30(61) 29 1 
1966-7 463 220(48) 74 145 1 
1968-9 1860 884(48) 432 400 52 
1970-71 1694 991(59) 410 500 35 7 39 
1972-74 1605 1201(75) 309 729 50 11 102 

Total 5671 3326(59) 1254 1775 138 18 141 
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It has been suggested that the intervals of dipping adopted iD 
Australia are more conducive to the emergence of resistance than the 
very short 7 day intervals used in southern Africa (Shaw 1970). It 
is also a commonly accepted view in Australia that the inefficient use 
of acaricides at less than the recommended concentration Is the main 
reason for our problem (Newtun 1967). A recent meeting of an FAO 
panel discussed the "Relation between acaricidal dosage. frequency of 
application and biology of ticks and the development of resistance". It 
was noted that resistance tu arsenlc, DDT, and BHC-toxaphene 
acarieides developed at about the same rate in B. deroloratus in South 
Africa and in B. microplus in Australia and South American countries, 
but organophosphorus resilltance has developed much more rapidly in 
B. microplus, particularly in Australia. Thus rate of development has 
differed with differeot acaricide groups under conditions of weekly 
(South Africa) and much greater intervals of 3-5 week or more 
(Australia, South America). The only general principIes are (a) 
resistance develops more rapldly where the tick Is under a constant 
acaricidal challenge aimed at maintaining sufficient tick numbers to 
maintain Babesia immunity in cattle, and (b) resilltance develops more 
slowly in two and three-host tieks whose generations extend over a 
year or more compared with one-host Boophilus speeies in which four 
or more generations oceur in one year" (Anon 1973). 

There is no scientiflc evidence to show what conditions are most 
favourable for the emergence of resilltanee. However, circumstantial 
evidence supports the vlew that the very efficient applieation of 
acaricldes, that results in very low populations, deiaya resistallce. There 
are two example.s, N.S.W. (above) and Rhodesia where much more 
stringent regulations apply and where the flrst report of resistance 
was to arsenic in 1963, 25 years after reslstance had occurred in 
neighbouring South Afrlca (Jones-Davis 1972). It is also relevant that 
the major resistance problems in B. microplus appear tu have arisen 
in Australia, Argentina and Brazll In areas where cattleowners have 
attempted tu "manage" tick popuiations on Dos tauros cattle by the 
use of acaricides. They have not arisen in Asia where Zebu cattle, 
Babesia and B. microplus evolved or where, as in large areas of Brazll. 
a similar equilibrlum has been restored. In 1971, the cattle population 
in Brazil, almost aH in areas favorable to the cattle tick, was 
estimated tu be 85 million and the acariclde market $1.5 ruillion; the 
Australian market for 7-8 million cattle in tick infested areas was 
about $3 million i. e. twice the market for one-tenth the cattle. The 
difference in Brazil was the predoruinance of Dos indicus type cattle 
except for the southern areas, where their cattle industry was based 
on Hereford and Angua cattle and where they had similar acaricide­
resilltance problems tu those that plague the Australian cattle industry. 
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Appendix l. Reslstanee faerors of unfed larvae of OP.resistant strains oí Boophilus microplus ro organophos· 
phorus carbamate and other aearlcidal ehenrlcals, determlned by oomparison with the LeSO's 
for unselected larvae of the reference l'eerongpilly strain (Roulston & WiIson unpubllshed). 

Yeerongpilly Rldgelands Blarra Mlckay Gra<:em..., MtAlford Bajool Tully Ingl1am 
~eaI Susceptible 1963 1966 lJHl7 llffll 1970 19'12 11m 19'13 

Organophosphorus 
bromophos etbyl 0.21 1 4 1 1 5 1 2 2 
ooumaphos 0.039 1 46 9 4 >48 1 6 5 
chIorfenvinphos 0.021 5 15 2ll 6 16 4 4 2 
chlorpyrlfos 0.023 2 6 2 44 110 7 1 4 
cyanophos 0.011 7 141 2 6 160 8 1 2 
d!azlnon 0.012 11 50 10 228 260 37 1 2 
dimethoare 0.0011 1040 420 200 1600 460 1400 3 7 
dioxathion 0.12 B 18 14 12 54 9 6 2 
ethIon 0.18 3 28 9 3 35 3 6 3 
phosalone 0.095 5 7 21 6 6 7 6 6 
phosmet 0.018 2 3 7 2 2 7 1 1 

Carbamate 
carbaul 0.0022 9 9 25 16 11 12 2 2 
promacyl 0.060 3 2 4 4 2 4 1 1 

Fonnamidine 
chlordímeform ,. 0.00074 1 1 2 1 1 1 1 
amitraz • 0.0016 1 1 1 1 1 1 1 

'l'hiourea 
chloromethiuron ,. 0.0015 1 1 2 1 1 1 1 

Iminopyrrolidine 
clenpyrln 1.5 

Dlthletane 
1 1 2 2 1 1 2 

nimídane 0.7 

• Exposurc perlad incre8.S'ed to 144 hours; recent tests tndicate that it will be preferable to enclose the packets in plastic bags and 
expose larvae for 48 hours. 
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<lO Appendix 2. MortaIity of B. microplus estimated from spraying trials in which stalled calves infested witb <::> 
normal or OP..resistant tícks were sprayed witb pasto present or candidate acarícide. Evaluatíon 
by tbís metbod gives slíghtly better results tban uuda- normal dipping oonditions. 

Yeerong· lUdg.,. MI 
Conc. pUly lands Biarra Mackay (iracemere Alfurd Bajool Tully lngham 

ChemlcaIR ~''ú Norma! 19611 1966 1967 1970 1970 1972 1972 19'I3 • 

Miscellanwus 
Arsenic 0.2 77 'Ill 14 21 
DDT 0.5 93 91 
Pyrethrum 1 0.025 >99 99 

Organo¡)hosphorus 
bromophos 0.05 >99 97 'Ill 92 60 98 89 78 
ethy! 82 0.1 >99 99 97 99 67 97 
Chlorpyrifos 0.025 >99 99 90 99 82 46 92 99 83 
courna.phos 0.025 >99 99 41 89 88 89 78 
dioxathion 0.075 >99 76 4! B8 92 
ethion 0.075 >99 99 74 90 99 34 90 93 
phosmet 3 0.075 >99 99 96 88 99 95 89 95 

Carbamate 
CtU'ba:ryl 0.2 >99 99 75 92 
promacyl 0.15 >99 98 95 98 99 94 95 99 

Fnrmamidine 
chlordimeform 4 0.1 >99 99 99 97 99 99 99 >99 >99 
amitraz 0.025 >99 >99 >99 >99 >99 

Tb10urea 
chloromethiuron 0.2 97 99 97 97 99 97 95 

Iminopyrrolldine 
clenpyrin 0.3 97 99 85 99 98 97 91 99 

D1thie\ane 
nimidane 0.05 99 98 96 99 99 

1) Applied as 1:10 mIxture wlth p!peronyl butoxide. 21 Appl!ed ss a mlxture 01 0.05% bromophos ethyl and 0.006% chlorfenv!nphOll. 
3) Unstable and used on1y as a spray. 4) Unstable unless butfered to acld salt: also ef!ective in mixtures with OP.a.carlcides eg, 
chlorpytifos + O,Ol% chlordlIneform :::::::: 94% mo:nality ol Mt. Alford, or. bromophos ethyl S + 0,01°;" 9tWa mortality o! Bla.rra,. 



Addendum 

ACARICIDE RESISTANCE IN LATIN AMERICA 

Boophilus mieroplus la widely dispersed in Latin American countries 
and is the most important tick infesting cattle in the area extending 
from Mexico to Argentina. Resistance developed to arsenic and to 
the organoehlorine chemicais, DDT, BHC and toxaphene in Argentina, 
Brazil, Venezuela and Colombia (Wharton & Roulston 1970) but there 
has been little publlshed evldence of reslstance to the organophosphorus 
(OP) acaricides. 

l. Shaw, Cook and Carson (1968) reported the presence of 
Ridgelands type resistance from Maracaibo, Venezuela, and from Brazil. 

2. Fluck and Rufenacht (1969) reponed the collection of the "Las 
Guerisas" straln from the province of Entre Rios, Argentina in 1964; 
the ticks were resistant to diazinon and dioxathion and the resistance 
appeared to be greater than Ridgelands but less than Biarra. 

3. Torrado and Gutiérrez (1970) described the HG" (Gaya, 
Corrientes) strain from Argentina with low resistance to a number 
olOP-acaricides but high resistan ce to coumaphos (Asuntol). 

4. Amara! et al. (1974) described the D (Rio Pardo, Rio Grande do 
Sul) and M (Leopoldina, Minas Gerais) strains from Brazil with 
increased resistance to coumaphos, dioxathion and ethlon. 

5. Additional information was provided by R.D. Shaw and P.L. 
Crampton of the Cooper Technical Burcau for the FAO;OIE Ad Roe 
Consultation on Control of Protozoal Tick-borne Diseases 01 Cattle at 
Nairobi in 1972. OP-resistance was reported from Argentina, Brazil, 
Colombia and from Venezuela. Most diagnoses indicated Rldgelands­
type resistance (found for the first time in South Amerlca in 1963 in 
B, millnlP1us collected from Santa Ambrosina. Rio Grande do Sul, 
Brazil). A different type of resistance was found at Gualmarlto in 
Perijá, Zulla, Venezuela In 1970 and subsequent1y at two other cattle 
praperties in Zulla and on two praperties In Valle, Colombia. Tlcks of 
the Guaimari to strain exhiblt high resistance to dioxathion, ethion 
and coumaphos but not to chlorpyrifos or bromophos ethyl. Shaw & 
Crampton (loe. cit.) descrlbed these ticks as having a "super­
Ridge1ands" resistance i. e. higher than Rldgelands but less than 
Blarra. 

Comments 

It ls probable that OP-reslstance is present in all Centra! and South 
American countries where acaricldes have been used frequently to 
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control B. microplus. México may be an exception since there have 
been no reports of resistance from that country. It Is clear that 
Ridgelands-type resistance has developed in a number of countrles but 
It is not possible to relate the other types of resistance to those that 
have been identified in Australia. Methods of testlng have differed but 
Shaw & Crampton (loo. cit.) suggest that resistance of the Blarra.. 
type had not been Identifled in Brazil, Venezuela and Argentina. 
Resistance to chlorpyrlfos whlch Is a characteristic of the Gracemere 
and Mt Alford strains In Australia had developed In Río Grande do SuJ, 
Brazil In 1971 (Whart<ln, 1974) but agaln the relationshlp wlth 
Australlan types oi resistance Is not known. 

It would be most useful to charactenze the OP.resistant stralna of 
Latin America. A tentative method for the detectlon of resistance in 
B. microplus has been recommended by FAO. based on methods used 
by Australia workers (FAO. 1969). The dooumentatíon of resistance 
would allow government authoritles and the cattleowners to apply the 
knowledge developed In Australia so that a ratíonal choice of alternative 
acaricides can be made, when and where OP.resistance deveJops. 
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DIAGNOSIS OF ANAPLASMOSIS: A REVIEW 

K.L. Kuttler' 

Jin their ear!y publlcation (1893) on Babesia bigemina, Smith and 
Kilborne (39, 40) described a aman deep staining eoceus-like, marginal 
body in erythrocytes. They eonsidered these bodies as a phase in the 
life cycle of B. bigemina, but suggested the possibility that a second 
blood parasite mlght be responslble. Theiler, (41, 42) in 1910, 
recognized these marginal points as the causative agent of an entirely 
separate disease entity, which he entitled anaplasmosis or gall 
sickness. 

These bodies stain a deep purple with the Romanowsky stains, when 
observed with a light microscope. Observations of the eausative 
organism by this and other methods is still basie for positive diagnosis. 
In addition to these methods, Anaplasma marginaIe has been observed 
by a variety of methods ineluding: fluoreseent antibody (35, 36), 
phase mleroscopy (6, 27) and acridine orange (11); eleetron microscopy 
includlng ultra.thin sectiona (5, 7, 8, 14, 32, 34), indirect fluorescent 
antibody (21), and wlth new methylene bIue (38). 

Observations of Anaplasma by one or more of these techniques is 
useful and playa an important role in the diagnosis of anaplasmosis, 
hut ordlnari1y the perlod of time in whleh Anaplasma bodies are 
sufficlentIy numerous to be diagnostic Is ahort. The infection is known 
to persist for extended periods of time beyond the aeute phase, during 
which observable parasitemias are absent. Parasitemlas probably do 
exist, and with techniques such as acridlne orange and fluorescent 
antlbody the chances of finding the organism in chronic infections 
are improved, but even so are below an acceptable level of confidence 
tor diagnosis in these instanees. 

Hence, a reliable serologic technique assumes importance in the 
diagnosis of anaplasmosis and becomes essential in control programs 
based on identifying and removing carrler Infections. 

• Institute tor Tropical Veterinary Medicine, Texas A&M University. Col1ege Station. 
Texas 7'1843. U.S.A. 
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Complement Fimtion 

Rees and Mohler (3l), in 1934, described the preparation of two 
specific complement-fixation (CF) antigens. One was prepared from 
laked bIood. which was centrifuged and washed, while the other was 
prepared trom extracts oi ticks previously fed on Anaplasma infected 
Il.nimaIs. ConslStency in the production of CF antlgens was not 
achleved until 1949 when MOhler, et al., (23) and Mott and Gates (25) 
described the production of a CF antigen from the blood of animals 
<\Cutely infected with Anaplasma. Thia technique involved the collection 
Oi bIood with a high parasitemia, washing the erythrocytes in 
physiologiCal saline (PSS) , and lysing them in 30 volumes oi cold 
distllled water saturated wlth CO,. The resulting precipitate was 
collected and washed in PSS by centriiugatlon. In 1952, Price, et al., 
(29) prepared a CF antigen, which in some respecta represented an 
Improvement. Highly infected erythrocytes were washed in PSS, and 
then lysed In distllled water. partículate matter, cell ¡¡troma and 
Anaplasma bodies were then recovered by passing the lysed cells 
through a Sharples centrifuge at 40,000 x G. The sediment was 
collected, washed, and re-suspended in saline. Separate evaluation oi 
both the 002 and the water lysed antígena by Gates (12). has shown 
each to be effectíve. A standardized CF antigen (9, 10) was prepared 
In quantity using a combination of both techniques, and until 
recently was avallabIe from the uaDA, Beltsvllle, Maryland. 

A new, more purified CF antigen involving the use of the French 
pressure cell ls now being produced and dlstributed by the USDA, 
primarily for use in a micro-plate system (2). At Texas A&M, we have 
been using a micro-piate system for the CF test since 1968, using the 
oId standardized uaDA antlgen. The titer of thls antigen can be 
increased about three times by sonication, and used at 1:30 to 1:38 
dilutions as compared to 1:9 and 1:12 in unsonicated antígeno In 
addition to using greater antigen dilutions, sonication disrupts most 
of the particulate rnatter thus facilitating the use of the antigen in 
the microsystem dropper and dllution loops. The correlatlon oi results 
between the micro-system and the standard tube test ls good. 

The CF test has been thoroughly evaluated under many conditions 
and by numerous investlgations (13, 15, 16, 17, 23, 28, 30, 37). The 
general consensus ls that this test has an accuracy ol about 95-96%. 
This test has been used successfully for a number of years in field 
control programa, where it has been necessary to ldentify and remove 
carrier animals (26,22). Positive CF tests can resutt in the ahsence 
of infectlon, but only und€'T artificial conditions. It has been shown 
that calves nursing Anaplasma infected cattle wlll become posltive 
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due to the ingestion of colostral antibodies (20). The injection of 
killed Anap1asma antigen plus adjuvants will alBo elicit a positive CF 
test (18). 

The techniques Involved in performing the CF test are described 
in a publication by the USDA (1). Basically, a11 reagents -complement, 
hemolytic amboceptor, and antigen- are standardized by titration so 
that two units of each are used in the test proper. A 2% sheep 
erythrocyte suspension Is used in the hemolytic system. Veronal buffer 
(VB), pH 7.4, Í8 used as diluent throughout the test. A 1:5 serum 
dilution is used for the screen, and complete fixation (4+) oí 
complement at this level is considered positive. The following protocol 
is fo11owed: 

1. 0.1 mI serum 0.4 mI VB to give a 1:5 dilution. 

2. Diluted serum inactivated at 58' C for 35 minutes. 

3. After serum has cooled thoroughly. 

a) 0.5 mI antigen diluted in VB to contain exactly two units is 
added. 

b) 0.5 mI complement diluted in VB to contaln exactly two units 
Í8 added. 

4. Serum - complement _ antigen - incubated 60 minutes at 37.5'C. 

5. 1.0 mI oi hemolytic system Í8 added, tubes are mixed and 
incubated 45 minutes at 37 .S' C. The hemolytic system is 
composed of equal parta 2 % sheep erythrocytes, and VB 
containing hemolytic amboceptor calculated to give two units. 

6. After the final incubation, the tubes (now containing 2.5 mI 
total volume) are centrifuged five minutes at 2000 RPM on a 
clirucal centrifuge (International PR-2) and read inunediately. 

7. A reading of 4+ shows no hemolysis. 

3+ 25% hemolysis 

2+ - 50% hemolysis 

1+ - 75% hemolysis 

Tr. ->100% hemolysis 

Negative - 100% hemolysis 

Serum titrations are made in the same way except for the use oí 
two.fold serum dilut!ons in VB, usually extending from 1:5 to 1:1280 
or higher. Serum titers in excess af 1: 1280 are rare. 
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The micro-test Íl! conducted by our !abaratorles in essentlally the 
same way except that the quantities are about 1/20 the amounts used 
in the tube test. Dilutions are made by the diluting loops, and the 
0.025 mI amounts added by calibrated droppers. AH titration oí 
reagents are accomplished using a tube technique as described (1). 

The protocol as published by the USDA (1) calla for the use of 
phenolized serum samp!es. Phenol is added in 0.5% concentrations as 
a serum preservatlve. The suggestion has been made that thil! step 
wilJ enhance the antibody response. In an attempt to verify this and 
Lo quantítate any possible change, a series of tests were made on 
phenolized and non-phenolized sera and compared statlstically. 

Sera from 47 animals known to be infected with A. marginale were 
coIlected cell free and divided Into two aliquots. One was left 
unphenolized; the other phenolized to a final concentration of 0.5 %. 
AH sera were then tested 18 hours later for evidence of CF antibodies. 
Sera from twelve cattle known to be Anap!asma negative were 
similarly treated and tested. AH sera were tested at a 1:5 diJutíon and 
categorized as positive, suspicious, and negative as deseribed previously. 

The results are presented in Table 1. Phenolized and non­
phenolized serum samples from the twelve non.infected calves were 
aH negatíve. Of the phenolized samples taken from infected cattle, 
83% were positive and 17% were suspicious; none were negative. In 
the non-phenolized samples only 62% were positive, 26% were 
suspicious, and 12% were negative. 

A second tria! invoIving serum titrations was conducted on 25 sera 
from cattle thought to be infected. Four of the 25 had received a 
sterilizing treatment of oxytetracycline, and were gradually losing 

Table l. Comparison 01 response of 1:5 dilutions using phenolized 
(0.5%) and non-phenolized serum. 

NO.of Phenolized Non-Phenollzed 
Animals 

Pos. Susp. Neg. Pos. Sus. Neg. 

Known Anap. Pos. 
Serums 47 39 8 O 29 12 6 
Speclflcity 83% 177- O" , 62)1 26% 12'}'0 

Known Anap. Neg. 
Serums 12 O O 12 O O 12 
Speclficíty 0% 0%, 100'-" 0% 0% 100% 

Totals 59 39 8 12 29 12 18 
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Table 2. The influence of added phenol on prozone activity in titra· 
tions of serum samples taken fmm 25 intact 18.24 Mo. Old 
heift!TS supposedly infected with anaplasmosis. 

Serum Dilutions 
1:5 1:10 1:20 1:40 1:80 

Avg. Reactlon 
Phenolized 3.0 2.66 1.66 0.72 0.28 
Avg. Reaction 
Non.Phenolized 1.85 2.12 1.68 0.78 0.32 

% Agreement 62'l 80% 99t;f 927< 88% 

Significance P<O.Ol P:.0.01 NS NS NS 

titer. A wide range of serum titers were present. Serum dilutions 
ranging from 1:5 to 1:80 were tested on aH animals. R.eactions were 
averaged on the basis of 1+, 2+, 3+, and 4+ reactions. An analysis 
of paired diffel'cnce was conducted to determine whethcr 01' not 
significant differences did occur. 

The results are presented in Table 2. At the 1:5 and 1: 10 dilutions 
agl'ccment between phenolized and non.phenolized samples was 62 % 
and 80% respectively. The reactions at these dilutions were 
significantly (P<O.Ol) more intense in the phenolized samples. There 
\Vere no sign!ficant intensity differences in the 1:20, 1:40, and 1:80 
dilutions, and the agreement was 99;,", 92% and 88% respectively. 

The pronOunc€d tendency for prozone reactlons in non.phenolized 
samples was greatly reduced by the addition of phenol, which appeared 
to intensify the reactíons at the lower dilutions. 

Capil1ary Tube Agglutination Test 

In 1963, a capíllary tube agglutination test (CA) was developed 
(33) and for a time was available commercially *. This antigen is 
more highly purified than the old USDA CF antigen. It is prepared 
from heavíly parasítized erythrocytes, Iysed by sonication and separated 
from erythrocytic ¡¡troma by differential centrifugation. The test Is 
reiatlvely easy to perform. A capillary tube is fHled to about 1;3 
capacity with antigen and then filled with serum which has been 
mactivated thirty minutes at 56' C. The tubes are placed upright in 

• Diamond La-boratorles ~ Des Moines. lowa. 
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Table 3. SeroIogic examination of 501 cattle oomparing the CF and 
capillary -tube agglutinationtest. 

Complement-Fixatlon Capillary-Tube % Agreement 
Agglutination 

Pos. 210 (41.9%) 218 89.71% 
Susp. 33 ( 6.6%) 

Neg. 258 (51.5%) 283 89.75% 

Overall agreement 89.73% 

molding wax, sealed at the exposed end to prevent drying and then 
allowed to stand at room temperature. Readings are made 24 hours 
later as negative, 1+, 2+, and 3+, depending on the degree of vtsible 
clumping. Welters and Zuschek (43) described this test as being equal 
to, or possibly more sensitive and specific than the CF test, with the 
advantage of being less costly and less complicaÚ'!d to conduct. In one 
trial oi 501 comparisons between the CF and CA tests. there' was an 
88% agreement (20) (Table 3). This trial gave the impression that 
the CF test was slightly more sensitive in picÍdng up early reáctions 
than the CA test. As wlth the CF test, animals given killed Anaplasma 
antigena developed positive CA reactions (20).·CA reactions were also 
seen in calves nursing Anaplasma infected cattle (20). Analysls of CF 
and CA serum titers showed a signiflcant and marked correlation 
(Figure 1). 

Rapid Card Agglutinatlon Test 

The most recent serologic test for the diagnosis of anaplasmosis 
has been the rapid card agglutinatlon test (CT) developed by 
Amerault and Roby (3,4). The CT has several advantages, and is now 
an officlally recognized test for anaplasmosis, along wlth the CF test. 
The AnapIasma anUgen is prepared from infected erythrocytes. Is is 
purified by separating the erythrocytic stroma and antigenlc partlcles 
tíy'passage through a French pressure cell. The pur!f!ed antlgen Is 
stained for ease in reading. As with the CA tést It is' very simple 'to 
sét up and to read. Care is needed, however, to ensure best results.' 
The CT was prlmarily deveIoped to be· a filM test tbat could be· 
conducted at the ranch using non.inactivated plasma. In· the 
laboratory, the test can be done on either non-inactivated serum or 
plasma. 

BIood samples for fieId testing are obtained from the tall vein in 
a small plastic bulb containing a measured quantity of heparin. After 
shaking to ensure thorough rnixing wlth nepann; the samples Me' 
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Fig. 1. COrrelation oí capillary-tube ngglutínation sud oomplement.fixation serum 
titers in known anaplasmosis-infeeted cattle basad on 21 senun titrations. 

ce:ntrifuged tour minutes at 2000 x G. in a small centrifuge operated 
from a car battery. 

A bovine serum factor (BSF) ís supplied with the test kit. 'I'his 
substance ís reconstituted with 3.2 mI distilled water. Exactly two 
drops (0.03 ml) ol the BSF are dispensed onta each 18. mm eirele 
test area .. Using a maJ:ked,eapillary tube, 0.03 mI of eell free plasma 
110 placed in the test cirele .. One drop of antigen (0.015 ml) .. ís added 
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Table 4. Serologic exammation of b69 catUe comparing the CF and 
eard test. 

Complement Fixation Card Test % Agreement 

Pos. 322 (68.77<) 389 (82.9%) 96.8% 
Susp. 80 (17.10/<) 
Neg. 67 (14.3%) 80 (17.1%) 83.8% 

Overall Agreement 94.8% 

to the plasma and BSF. The three substances are mixed, using a 
toothpick or other flat object, and then the card is placed on a rotating 
plate, under a humidlfying cover for 4 núnutes, being rotated at the 
rate of 100 RPM. FolIowing rotation, the card is tilted once (to and 
fro) and immediatcly read macroscopically. A positive shows 
characteristic clumping; a negativo docs not show the clumping. 
Caution should be taken not to delay readlng, since drying and 
prolonged manual núxing may well result in a non.specific reaction. 

Comparisons between th8 card test and complement.fixation tests, 
for the most part, show good agreement. 

Two studies have recently been ruade in areas of high anaplasmosÍS 
incidence. The first such study was conducted on 469 cattle in South 
Texas. The CT was done on plasma at the ranch. Serum was collected 
from duplicate samples and tested using the CF in the laboratory. 
The serum was not phenolízed. The second test was done on sera fram 
164 cattle in Guyana. The CT and CF were conducted on scrum. 

The results are tabulated in Tables 4, 5, 6, and 7. The overall 
agreement of the CT using plasma and CF test on serum was 94.8% 
(Table 4). In thls instance, the CF test appeared to be slightly more 
sensitive (Table 5) . This may have been due to the nature of infection 
in this herd. There were many new cases oí anaplasmosis as seen in 
studies of packed cell volume and blood smears. It is generally 
recognized that the CF test becomes positive more rapidly than the 
agglutination test (both the CT and CA) . 

Table 5. An analysis of differences occurríng between the CF and 
card tests. 

Total No. of Samples 
Not Agreeing 

34 (7.2%) 

100 

CF Posítive 
CT Negative 

15 
(44.1%) 

CF Suspicious 
CT Negative 

9 
(26.5%) 

CF Negative 
CT Positive 

10 
(29.47<) 



Table 6. Serologic comparison of 164 cattle oomparlng the CF and 
the card test (serum) . 

Complement Fixation 
Pos. & Suspicious 180(6670) 
Negative 56 (34%) 
TOTAL 1M 

Card Test 
117 (71%) 
47 (29%) 

164 

% Agreement 
92.3% 
83.9% 

B9.7% 

In the second trial on 1M cattle in Guyana, the overall agreement 
was 89.7% (Table 6). A breakdown of disagreement in Table 7 
indicates the CT 18 more sensitive than the CF. Thís may reflect the 
overall stage or length of infection in tested animals. I<f this i8 the 
case, these results would confirm the víew that the CF ís more 
sensltlve in recent and acute infections, wlth the CT being better in 
detecting long_standing ínfections. 

Table 7. An analysls of differences occurrlng between the CF and 
card tests (serum) 

Tota! No. of Samples 
Not Agreeing 

24 (15';{) 

Summary 

CF Positive & CF Suspicious 
CT Negatlve 

8 (33%) 

CF Negative 
CT Positlve 

16 (67%) 

Reliab!e tests are available to diagnose both acute and chronic 
anaplasmosís. A high degree of correlation and agreement occurs 
between the complement-fixation (CF) and the capillary tube 
agglutination test, and between the CF and the tapid card test (CT). 
80th the CF and CT are recognized as officia! tests for interstate 
movement of cattle where regulations require a preshipment negatlve 
test. 
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METHODS OF IMMUNOPROPHYLAXIS AGAINST BOVINE 

ANAPLASMOSIS WITH EMPHASIS ON THE USE OF THE 

ATTENUATED ANAPLASMA MARGINALE VACCINE 

Miadrag Ristic * and C. A. Carsan * 
Introduction 

A common feature oí hemotropic diseases is the continuous 
presence oí the etiologic agent in the blood circulatory system. All 
hemotropic diseases arz transmitted by arthropod vectors. Certain of 
~hese (anaplasmosis and babesiosis) cause devastating losses to the 
livestock industry and others (malaria and trypanosomiasis) are of 
great importance to human health. 

One of the major obstacles to the development of methods for 
immunoprophylaxig against hemotropic diseases has been the lack of 
techniques for in vitro propagation of the causative agents (plas­
modium, anaplasma, babesia), or the availability of similar systems 
for laboratory production oí arthropod-a8Soclated "prototype" antigens 
(trypanosomes). A recent accomplishment in tbis direction has been 
the development oí cell culture methods for Thelleria parva, the 
causative agent of East Coast fever. While this step ls consldered an 
important break-through in providing incentive for more optimistic 
future endeavors in the entire fieId, the accomplishment must not be 
viewed as an indieation that this technique can be directly applied to 
other hemotropic agents. Theileria parva actively invades cellular 
elements of both the erythrocytic and lymphocytic series, the latter 
being adapted to in vitro propagation. Anaplasma, Babesia, and 
Plasmodium spp. are considere<! to primarily affeet the more inert 
eireulating erythrocyte which, rather than offering replication ability 
in cel! culture, continues its in vitro destiny of degeneration. 

Anaplasmosis is a world-wide tick-borne disease of cattle and 
sorne wild ruminants caused by the rickettsia Anaplasma marginale. 
The organism 1s extremely host speeífic and the mature erythrocyte 
constitutes the only coll known to support growth and development 
.. Department of Veterinary Pathology and Hygiene, Collcge oí Vetcrinary Medicine, 

UnivGrsity 01 Illinois at Champaign-Urbana., 61001. 
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of the agent in an infected animal. "Premunition", wmch consists 
of inlecting, and subsequently treating an animal, to establish a 
carrier infection, is the oldest preventive method. It is, however, 
hazardous, time consumíng, and costly. 

Research toward the development ol an A. marginale immunogen 
may utilize the blood of an animal in the acute phase of infection or 
infected arthropod vectors (tick) as possible sources oí the antigen. 
In view of the limíted knowledge regarding development of the 
organism in the tick, the latter source must presently be considered 
as theoretical. A degree of transient protection has been Induced by 
inoculation of susceptible cattle with inactivated Anaplasma derived 
from the blood of infected animals and introduced In oll adjuvant. 
The method, however, caused development oí isoimmunity In vacclnated 
animals followed by often fatal erythroblastosis In calves of vaccinated 
dams. Moreover, the procedure ia laborious and expensive since the 2 
initial doses ol vacclne must be followed by yearly revaccinatlon to 
maintain a level of protection. 

In view of the aforementioned Information, as well as other data, 
our laboratory developed and attenuated A. marginale vacclne by 
adapting A. :marginale to growth In sheep, an atypical host. After 8 
years ol research, a strain of Anaplasma was derived wmch was safe 
for susceptible cattle yet sufficiently immunogenic to protect inoculated 
animals agalnst laboratory and field cha!1enge with the virulent 
organismo Although not original in concept, the method signifies the 
flrst successful adaptation ol an erythrocytic parasite for the solution 
of a disease problem. 

Biologic Properties nf Anaplasma margínale 

A. The Organism and Related Species 

At the beginnlng oC this century Theiler (1) described El small 
punctiform body which occurred In the erythrocytes of African cattle 
suffering from an acute infectlous anemia. On the basis of staining 
characterlstics, the author concluded that the organi.sm 1acked 
cytoplasm and used the term "anaplasma" to indicate tms property 
and the term "marginale" to indicate the peripheral location of the 
organism withln erythrocytes. 

Ln the 8th edition of Bergey's Manual, A. margínate is the 
representative spec1es of the genus AnapJasma, famíly Anaplasma­
taceae, order Rickettsiales, rustic and Kreier (2), (Fig. 1). The 
organism (initial body) was shown to enter the erythrocyte by 
invagination of the cytoplasmlc membrane with subsequent formation 
of a vacuole (3). Thereafter the initial body multipties by binary 
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only by use of specíal techníques. A recent study by Carson el; al (8). 
in our laboratory showed that manifestatíon of P. caudatum appendages 
is a functíon oí bovine host erythrocytes and does not occur in infected 
deer erythrocytes. 

The various anaplasma organisms have at least one specles 
specifíc antigen and they are sensitive to the tetracycline group of 
antíbiotics. Anaplasmas morphologically resemble other hemotropic 
rickettsiae, i. e. Haemobartonella and Eperythrozoon aud share common 
antigens with these agents (9). Ristic (10, 11) has compiled general 
revlews on anaplasmosis, the parasite ltself, and the host response. 

Artbropod Vecton and Epizootiology 

Experimentally, at least 20 tick specles have been shown to 
transmit anaplasmosis although field evidence indícating thc tick as 
the principal disease vector ls lacking (11). Histochemical staining, 
fluorescent antlbody methods, and electron microscopy have been used 
for identification oC the organism in the tissues of vector ticks. The 

5.and 6.lmmature 
lnclusion Bodies 

3.and 4. 
Erythrocytic 
Initial Bodies 
Reproducing 
by means of 
Binary Fission 

2. Newly Arr ¡ved 
Body 

7. Moture Inclusíon 
Body 

1. Extra Erythrocytic 
Initial Body 

Fig, z. Froposed development-al cycle oí AnaplaSma margin!J,le based on static 
evidence obUrined trom electron microscopic studíes. 
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organism WRS demonstrated in the gut contenta and in the Malphigian 
tubules oí engorged Dermacentor ande:rsoni ticks, however, little ll'! 
known regarding itl'! 'developmental life cyele (12,13). Experimenta! 
and eplzootiological evidence ineriminates horse flies (Tabanus spp.) 
as the most signiíicant insect vector oí anaplasmosis. Transmisslon by 
rues is affected by the direet transfer of blood from infected to 
susceptible cattle and must take place within a few minutes after 
feeding on an infected animal. Experimental evidence of transmission 
was also produced with stable mes (Stomoxys), deer flies (Chl'ysops) , 
horse mes (Sipbona), and mosquitoes of the genus Psorophora (11). 

In addition to carrier eattle, wild deer have been shown to play an 
important role in the epizootiology of anaplasmosis. Extensive. studies 
in California indicate that Anaplasma may survive in nature in the 
absence of cattle through deer-to-deer transfer vía appropriate veetors. 
Transmission of infection from deer to eattle has also been demons­
trated by severa! investigators (11). 

Intraerytbrocytic Bebavíor, Transfer, and Circulatory Clearance 
of Infected Erythrocytes 

According to Moulder (14), a successful intracellular parasite 
must avoid its demise by regulating its growth rate so that demands 
on the host do not exceed tolerable limits. Anaplasma meets this 
crit€rion since it enters host erythrocytes and replicates without 
causing mortal injury of the host cell. It aIso appears that the kinetics 
of anaplasma initial body movement between erythrocytes occurs in a 
manner which avoids irreparable damage of the host cell membrane. 
Incubation of A. marginale in an in vitro system showed that the 
decrease of observable marginal bodies equalled twice the degree of 
hemolysis, indicating that the organism may lcave the erythrocyte 
without concomitant host cell Iysis (15). The organism may be able to 
aet on the host cell membrane by using a proteinase-like system similar 
to that related to sorne Chlamydiae, providing for organismal release 
without drastic disturbance of the cell membrane (16). Since the 
organism is rarely observed extracellularly, the transit may occur 
through intercellular tissue bridges. The consequence of organismal 
interaction with erythrocytic membrane is indicated by a decrease in 
the coneentration of phospholipids (17) in erythroeytic stroma and a 
high serum sialic aeid concentration (18). The removal of the organism 
from the circulation takes place by phagocytosis of entire infected 
erythrocytes. Phagocytosis of apparently noninfected erythrocytes, as 
frequently observed, may be caused by stimulation of an autoirnmune 
response due to erythrocytic membrane alterations by Anaplasma. 
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Antlgenic and Seroklgic Studies oí A. marginale 
As a prelude to the development ol irnmunoprophylactic measures, 

a complete understanding of the antlgen structure of Ana¡p1asma 
becomes necessary. Subsequent use oí information related to the 
organism's antigenic profile can then 8upport Immunogenic studies 
based on biochemically defined constituen t8 . 

Intraerythrooytic Antigens 

Soluble HCL and protamine sulfate (pe) precipitated A. marginale 
antigens have been found to be lipoproteins. The antigens were 
react~d with antibody in the micro agar gel precipitation test (21, 
22). Clínical resemblance of the PS antigen to a similar preparation 
made froro Ana,pluma-free erythrocytes incriminated it as a possible 
antigen responsible for the autoirnmune state proposed in anaplasmosis. 
A soluble proteinaceous A. marginale antígen has been derived from 
lysed erythrocytes and its reactivity studied in agar gel diffusion (23). 

Various particulate antigens for diagnostic tests have been prepared 
from lnfected erythrocytes (24,25,26). The active component of the 
complement fiXation (CF) antigen was found to be a lipoprotein (24) . 
Capll~ tube agglutination (CA) antlgen consists of structures 
resení¡)ling initial Anapluma bodies which reacted specificaUy with 
serafrQIn inf·ected animals (25). 

No' antlgenic differences were found between two virulent A. 
marginale . isolates and the attenuated A. ,marginale when soluble 
antlgens and specific antisera were reacted in agar gel and immuno­
electrophoresis tests (27) . 

Serum Antigens 

Serum, as well as lysed erythrocyte preparations trom animals 
in the acute phase ol anaplasmosis, have been found to contain soluble 
antigens of A. marginale (28). Cyclic emission of soluble parasite 
antigen was indicated by fluctuation of test results. The presence ol 
detectable intraerythrocytic A. marginale bodics did not always coincide 
with the presence of soluble antígena in serum. Lt also appeared that 
a soluble component 01 tl),e CF antigen and the exo-antigen found in 
serum oí infected cattle were identical. 

seroIojy and IPn.;ucs oí the Humoral Response 
, :- () 

Serum -protein changes occurring during anaplasmosis, particularly 
with respect to globulin, have been studied extensively (29,30). Prior 
to the appearance of- A. marginale bodies, the concentratlon of aU 
serum proteins decreased. As the number ol parasitized erythrocytes 
diminished the albumin-globulin ratio decreased. It was determined 
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tOOt early CF antlbody arising in response to experimental inoculation 
of A. marginale consisted exclusively of gamma M (19 S) globulin, but 
within 4 to 5 days this was augmented by an electrophoretlcal1y fast 
gamma G globulin (6.2 S). Agglutinating antibodíes moved trom the 
gamma M to the gamma G globulins much later in the disease (30). 

The serologie relationship of A. marginale and A. centrale have been 
cornpared using the CF and CA tests. SignificantIy higher titers were 
obtained with homologoua antigm (31). The indirect Coon's test also 
showed quantitative dlfferences in antibody titers produced in response 
to infections with the aboye agents (32). 

Persistenee of the Organism in Immunologically Hostile Hosts 

It Is apparent from our currcnt knowledge of anaplasrnosis that an 
affected animal Is fully capable of developíng humoral and cell mediated 
immune responses to the etlologic agent. While induction oí an immune 
response Is €'Ssential for the survival of the host, it also provides for 
continuous survival and transmission of the parasite. This state oí 
biological host.parasíte balance has been described as a "tolerant 
symbiosis" which allows the parasíte to persist and, in exchange, the 
host deve'¡ops lasting protection against homologous organisms in the 
environment (33). Obviously there are different rnechanisms which the 
parasite may use to avoid destruction by the immunologically hostile 
host. The nature oí these escape mechanisms in plasmodía, trypano. 
sornes, babesia, and certain other spec!es was the subject of a recent 
symposiurn (34). We should briefly discuss possible means wh-ereby 
Anaplasma míght avoíd destruction in an immune host, 

Without evidence oí íntravascular hemolysis, Anaplasma appear to 
be strict intracellular obligate parasites. Under the circumstance, the 
organism is well protected agaínst direct antibody affects. Antihodies 
arising in response to Anaplasma infectíon are of 2 types, specific and 
nonspecific. The latter, characterized as autohernagglutinins and 
opsonins, were shown to react with nonparasite antigenic determinants 
such as trypsin-treated and intact erythrocytes oi Anaplasma.free 
animals (11). In addition, sorne of these írnrnunoglobulins were shown 
to be anti·nuclear (anti.DNP); anti-cardíolipin (antLWasserman 
antigen), and anti.human gamrnaglobulin reminiscent of the 
rheumatoid factors (35). Greenwood (36) proposed that the appearance 
of such nonspecifíc antíbodíes suggests their synthesis occurs in a 
disorganized way. It ia thus possible that the nonspecific immune 
response may beneflt the parasite by "swamping" a specific immunolo­
gical response aimed at lts destruction. 
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Evidence for antigenic variation of Anaplasma Is not available. 
Clinical and hematelogic observations, however, indicate that the 
prirnary parasitemia may be followed by milder recrudescence. If these 
relapses are triggered by antigenlc dissociation oi the organism, this 
could be a primary factor whereby the Anaplasma evades the hast's 
lethal immune effect. 

Free serum antigens were shown to be Anaplasma specific thus, 
antigen~antibody complexes are expected to occur. Such complexes may 
induce ímmunologic Injuries to the host while serving as a protectlve 
shleld for the paraslte. 

lmmunogens 01 Anaplasma 

Naturally Occurring A. marginale and A. centrale 

Early use of fleld lsolates of Anaplasma for premunlzatlon 
consisted of injecting blood from known carriera into susceptible cattle 
(31). This procedure presented a certain rlsk slnce it was orten 
necessary te control the initial infection with drugs so subsequent 
recovery and development of the carrier state could occur. A method of 
premunization using a small inocula to induce protection has also been 
reported (38) but later results indicated that severe disease and 
mortality can result from even very small doses of A. marginale (39). 

Prior Infectlon wlth A. eentrale did not prevent infectlon wlth A. 
marginaIe but reduced the severity of the superimposed dlseases. On 
this basla Theiler (1) developed the method of A. eentrale vaccination 
which Is atill used in several countries. Variable resistance to A. 
centrale was later descrlbed (40). Furthermore, It was observed in 
Australla that cattle inoculated with A. eentrale (South Afrlcan) straln 
developed severe symptoms of the disease. Anaplasma .marginale and A. 
centrale have more recentIy been compared on a clinlcal, hematelogic, 
and serologic basis (31,41). Heterologous challenge in al1 cases produced 
a definite hematologic reaction but A. centrale usuaily reduced the 
severity of a subsequent A. marginale challenge. 

Inactivated A. marginale uf Bovine and Ovine Orlgin 

Use of a vaecine containing killed Anaplasma organisms has becn 
described in Africa (42) and the U.S. (43). The U.S. vaccine presently 
used commercially, "Anaplaz", * was prepared from blood of infected 
animals collected at the peak of parasltemia. Blood celia were washed, 

* Anaplaz. Pon Dodge Laboratorie5, Fort Dodge, IOWQ, 
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Iysed, and Iyophilized. The dessicated material was reconstituted with 
an oi! adjuvant. Two doses of the vaccine were given subcutaneousIy 
at 4 to 19-week intervals. A degree of protectlon from the clinical signs 
of anaplasmosis has been reported to be afforded 2 weeks after the 
second injection. Vaccinated animals became carrlers after field 
challenge. An annua! booster injection ls also recommended' 

A preparation similar to Anaplaz was developed in our laboratory 
using ovine erythrocytes infected with the attenuated A. marginale. 
The Anaplaz adjuvant has been used to reconstitute the lyophillzed 
material and the aforementioned vaccination regimen followed. A degree 
of resistance to development of clinicaI signs of anaplasmosis has 
similarly been detected after challenge with virulent A. marginale. 

Laboratory Attenuated A. marginale 

Research toward development of the attenuated anaplasmosis 
vaccine started at the University of IIlinois in 1959 with the following 
objectives in mind: 1) The strain should be A. marginale; 2) the 
attenuated organism should be sufficlently immunogenic to conter 
complete protection against challenge with the virulent strain; 3) the 
attenuated organism shouId not revert to virulence when transmitted 
by means of ticks or subinoculatlon of blood from vaccinated to 
susceptible cattle; and 4) the vaccine should be produced in a non bovine 
host due to the hazards oí transmitting other bovine lnfectious agents 
in the process of vaccination. 

1. The development of the strain.· The A. margínale isolate was a 
pool sample collected froro naturally-infected cattle in various sections 
of Florida and was collectively terroed the Florida Anaplasma* isolate. 
Detailed descrlptlon of the development of the vaccine strain is 
reported elsewhere (44). The basic roethodology used far attenuation 
of the Florida isolate has been: 1) induction oi an apparently 
accelerated rate of mutation 01 the organism by exposure to irradiation; 
2) selection of an avirulent A. marginale strain by serIal passage of 
irradlated organisms in splenectomized deer (2 passages) and sheep 
(136 passages). Lots of sheep blood derived seed materIal of established 
irnmunogeniclty, growth pattem, and safety were preserved by storage 
in lIquid nltrogen. For vaccine production, the seed material is 
reactlvated in splenectomized sheep, using 4 to 5 passages at 7- to 9-
day intervals. The vaccine ls dispensed in liquid nitrogen and 
inocuIated intramuscuIarly in 1 10 2 mI. doses. The prepatent period 
in inoculated animals varles between 4 and 6 weeks after which the 

•• lsolated in 1955 by Dr. n.A, Sanders, Department of Veterinary Seience. University 
of Florida. Galnesvi1leJ Fla. 
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organlsm may be detected in approximately 0.5 to 8 % of the perlpheral 
blood erythrocytes. A slight hematocrlt decrease, usually not exceeding 
5 to 10% of the preinoculatlon value, generalIy occurs. These 
manlfestations are transitory and are in evidence for 1 to 2 weeks. 
Inoculated animals are not cllnically afrected. 

2. Effects of adaptation ro an atypical basL Adaptation of the 
organism to sheep resulted in the 1058 of certain traits apparently not 
essential for immunogenic!ty and intracellular existence of the 
organism. The loss of virulence ia the principal and the most 
important of these. 

The incubation periad of the attenuated agent does not differ 
greatly from that of the vlrulent organtsm, thus the apeed oi growth 
and replication doea not seem to be a factor in altered virulence. 
Attenuation appears to be a stable property as indicated by failure oi 
the organism to revert to virulence after several consecutive passages 
(5 to 12) in highly susceptible mature cattle, pregnant cattle, and 
splenectomized calves. (45) The mechanism oi altered virulence 
probably is biochemically based and arises from the organismal 
dependency on the new intracellular habitat. 

The attenuated agent has apparentIy aiso lost the ability to be 
transrnitted by ticks. An extensive study with Dennacentor andersoní 
(46) showed that the vaccine straln cannot be transmitted by natural 
tick feeding or inoculation of cattle with various tick tissue homoge­
nates. These findings were further substantiated by the results 
obtained from examination of tick tissues by means of the fluorescent 
antibody method and electron microscopy. ConverseIy, Anaplasma was 
found in tissues of ticks fed on calves inoculated with the fieId strain 
of the organlsm and the infection was then transmitted to cattle using 
these ticks and their tissues. Although more information is needed 
to substantiate these findings, experience has shown that prolonged 
maintenanee of hemotropic and other tick-borne agents by needle 
passage in natural hosts results in a loss of organismal propensity 
toward growth and development In the tick vector (47,48) . 

Finally, the attenuated A. marginale is more easily destroyed by 
tetracyclines than is the virulent counterpart (45). For example, daily 
administration oi 8.5 gm. tetracycline per pound of body weight to 
vaceinated cattle for 4 days completely destroyed the attenuated agent 
as contrasted to 10 mgjlb body welght for 7 days to completely destroy 
the virulent organlsm. 
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Immune Responses to Inactivated A. marginale Vaecines 

Humoral and Cell-Mediated Responses 

The commercial inactívated A. marginaJe vaccine caUed Anaplaz 
composed of ínfected bovine erythrocytes produced a variable and 
transient CF response (49). A study in our laboratory using both 
Anapiaz and ovlne origin counterpart indicated that the CA response 
remains mildly positive for at least 6 weeks after the second vaccine 
dose. We further compared the cell-mediated immune response to 
lnactivated A. marginale with that of virulent A. marglnale. The 
leukocyte migration inhibition test (LMIT) and the lymphocyte 
transformation test (LTT) were used as in vitro correlates of cell 
mediated immunity (CMI). One group of cattJe was vaccinated with 
2 <loses oi Anaplaz administered 4 weeks apart. A second group oí 
cattle received a lyophilized preparation of A. marginale produced by 
exposing ovine erythrocytes containing the attenuated A. marginaJe to 
an extractlon process similar to that used for commerciaJ preparation 
oí Anaplaz. The immunogen was reconstituted in the Anaplaz oil 
adjuvant and administered as recommended for the commercial 
preparation. Both vaccines elicited a very low level and translent (1-3 
weeks) LMlT response. 

Lymphocyte transformation studies uslng (14 C) labeled thymidine 
revealed a lack of correlation between test results and clínica! 
protection. Stimulation indices after vaccination. defined as the ratio 
of incorporated activity in antigen stimulated cell cultures compared 
10 control cultures, were in the order of 2 to 8 or higher compared 10 
Indices of 1.2 to 2.5 In leukocytes collected from cattle inoculated 
with replicating forms of A. marglnale. Since cattle which have 
recovered from A. marginale infedlon are clinically protected against 
chalIenge by homologous strains of Anaplasma, there seems 10 be no 
direct correlation between stimulation índices and protection (Fig. 4). 

Development 01 Isoimmunity and Delayed Cutaneous Hyper. 
sensitivity. 

Neonatal isoerythrolysis has been associated with the use of the 
Anaplaz vaccine (50). Hemolytic inhibition tests have indicated the 
prescnce of bovlne b!ood group antigens in Anaplaz (51). Blood group 
isoantibodies identified in the cows' sera and colostrum (in addition 
10 neutral anti-J) were anti-A, antLH, anti-F and anti-V. Their 
concentration in colostrum was 10 10 15 times greater than in serum 
(51). Our studies which compared lnactivated A. marglnale 
preparations containing bovine erythrocytic components with similar 
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preparations containing avine erythrocytic stroma. demonstrated that 
isoantibodies to bovine erythrocytes developed only In response to 
Inoculation with infected bovine erythrocytes. Intradermic sItin 
testing with antigens prepared from normal bovine and ovlne ery­
throcytes showed that cattle which had been vaccinated with Anaplaz 
of bovine origin were skin-test positive to both bovine and ovine 
erythrocytic components while those which had received the ovine 
origin anapla.sma readed only to ovine origin erythrocytes. The skin 
reactions appeared prior to 24 hours indica.ting an immedlate or 
Arthus-type response involving humoral antibody. TIlis response 
increased over the 72-hour surveillance perlod indicating a delayed 
cutaneous hypersensitivity 11mb of the response. 

Protection and Immunologic Injury Following Challenge. 
Studies In our laboratory showed that cattle vaccinated with 

inactivated A. marginaIe oí elther bovina or avine orlgin developed on 
challenge a low level parasitemia with a greatly reduced hematocrit 
(FIg. 4). The severe anemic syndrome which developed following 
challenge may be related to an autohemolytic mechanlsm in vlew of 
the fact that abnormal erythrocyte components are Included in the 
vaccinal inocula and have definite Immunogenlc propertles. SUbse­
quent infectlon of host erythrocytes changes rnembranous constituents 
which the host may not distingulsh from the original vaccinal 
components. TIlis sltuation may lead to an accelerated autoirnmune 
antierythrocytic host response. 

Immune Responses to the Attenuated A. rnargina.le 
A. Hematology _d Serology. 

Hematologic responses in adult cattle to vaccination with the 
attenuated A. marginaIe have been extensively studied in our labora­
tory. This agent produces a mild infection with a concomitant low 
parasiternia and a generally imperceptible hematocrit variation at 
approximately 4 to 5 weeks alter inoculation. Serologic responses 
measured by the CA or CF tests are detected between 3 and 4 weeks 
post-vaccination. These serologic responses persist for 2 to 3 yea.rs in 
the absence of reinfection (45) . 

In vitro Measurement of Cell·Mediated Inununity alter 
Vaecination and Challenge. 

Alter vaccination of susceptible adult cattle with attenuati!d A. 
marginale, the LM1iT becomes positive alter approximately 2 to 4 weeks 
and elther remains at a moderately high level or fluctuates between 
prevaccination levels and posltive response values (Fig. 5). Cattle 
inoculated with VÍrulent A. marginale developed positive LMIT values 
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either prior to or aiter the onset of para.sitemia which generally 
occurred at 4 weeks post ínfection. The cllnieal severity oi the dísease 
depended on the time of appearance oi parasitemla with reference to 
the LMIT. When the parasitemia preceded development Di LMIT, the 
chance of eventual mortality was increased (Fig. 6). The speclfieity 
of the response has also becn proven by use of test antigens containing 
normal erythrocyte atroma, CA antígen containing attenuated Anaplas­
ma, CA antigen containíng virulent Anaplasma, tuberculln (purifíed 
protein derivative) and nonspecific mítogens such as phytohemagglu­
tinín and concanavalin A. Evldence supporting the concept that the 
test i8 largely dependent on T lymphocyte actívity has also been 
determined using antithymocyte IgG labeled with 1251 and 
measurement of residual radioactive leukocyte populations before and 
after antiganic stimulation. Challenge of vaccinated cattle with 
virulent strains 01 A. marginale appears either to elíeit a decreased 
measurable LMIT response followed by an elevated response (ii LMIT 
values are high at the time of challenge) or an "anamnestic" 
elevation in the LMIT response. 

The lymphocyte transformatlon test using 14 C labeled thymídine 
has a180 been related in our laboratory to vaccination ol adult cattle 
with attenuated A. marglnale or premunization with vlrulent A. 
marginale. Stimulation indices recorded after inoculation wlth elther 
agent are comparable and ranga to the area oí approximately 1.3 to 
2.5. 

Correlation betwean Cell-Medlated lm:munity and Protection. 

The level of LMIT responsiveness recorded after vaccination wlth 
attenuated A. marginale ar premunization with virulent A. marginale 
acems to be directly proportional to the level of cUnica! protectlon 
Induced against challenge with virulent A. marginale. Following 
challenge, either a low level or negligible parasitemía was recorded 
and the hematocrlt either did not vary or was transiently reduced. 
There has been no evidence of clinlcal illness related to anaplasmosis 
after challenge (Figs. 6, 7) . 

Stimulation indices recorded in lymphocyte transformatlon test 
(LTT) of mixed leukocytes collected from vaccinated or premunized 
cattle were not related to the degree ol clínical protection afforded by 
either Anaplasma inoculum. Much higher índices were eUcited by the 
inactivated Anaplasma in oil adjuvant while these cattle were not 
clinically protected as were anllnals wh!ch received Uve Anaplasma. 
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The classical concept of protection in anaplasmosis has been that 
malntenance of protective immunity depended on maintenance of the 
carrier state. R€Centiy, Roby et al. (52) reported that Anaplasma 
carriers whlch were freed from virulent Anaplasma by chemotherapy 
demonstrated considerable pratection to challenge at 12 months after 
sterillzation. To further examine this observatlon, we subjected two 
4-year-old cows, which were previously vaccinated with the attenuated 
agent and subsequently resisted ehallenge of the virulent organism, to 
systemic thera py. The animals received 10 daily doses of oxytetracycline 
at 5 mg¡lb administered intravenously. Subinoculation of 100 mI. of 
whole blood from these cows into 2 splenectomized calves failed to 
produce an infeetion in the recipient animals. Approximately 10 weeks 
after treatment, the cows were rechal!enged with virulent A. marginale. 
A prompt LMIT response was noted after the chal!enge and the animals 
demonstrated ful! clinical resistance (Fig. 8). 

Manifestations of LMIT, parasltemia, hematocrlt and capillary tube 
agglutinatlon test in a susceptible mature cow following chai1enge with 
vlrulent A. marginale are given (Flg. 9). It is apparent that maxJmal 
parasltemic and anemic crises preceded any appreciable response in 
the LMIT. 

Vaeclnation Studies. 

A series of laboratory and field experiment conducted in the 
United States, (44, 45, 53, 54) Perú, (55, 56, 57) Venezuela, (45,58) 
Colombia, (59,60) andMéxico (61,62,63) have shown that the lmmune 
response induced by trus vaccine protects adult susceptible cattle 
against challenge with virulent endemic stralns. 

Most of the studies conducted in the U. S. were designed to test 
specificity, (53) safety (44,45) and immunogenlcity (44,45,54) of the 
vaccine using rughly susceptible cattle (older animals, pure breeds, and 
pregnant animals) and challenging them with fleld isolates from 
various reglons. Results showed that the single dose of the vaccine 
eonferred solid protection to challenge with field isolates. As judged 
by the persistencc ol the serologic reaction in vaccinated animals, the 
protectlon is expected to last for at least 3 years. The largest 
experiment involved 2700 beef cattle of mixed breeds wruch were 
vaccinated on route from the U.S to Venezuela (45,58). On arrival, a11 
animals were found to be serologically positive presumably as a result 
of vaccinatlon. The losses in trus herd were reduced fram 9.5% in 
1967, when nonvaccinated cattle were imported, to 2.5% when 
vaccinated cattle were imported. On arrival in Venezuela, the animals 
were exposed to a tropical climate and blood sucklng arthropodB 
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known to be carriers oí Anaplasma and other blood parasites. In splte 
oí thls unfavorable envlronment, no side effe-cts, spontaneous reversion 
to virulence, or any other adverse effects were noted. 

As an example oí the efficacy of the vacclne, 4 controlled 
experiments conducted by veterinary government scientists in Perú 
(56) and México (61, 62, 63) wlll be cited. In Perú (56), 18 Brown Swiss 
cattle, 5 to 6 years old and free of A. marginale, were dlvided Into 2 
groups: vaccinated (13 cattle) and nonvacclnated (5 cattle). Forty 
eight days later, the 18 cattIe were each challenged subcutaneously 
with 5 mI. oí carrier blood contalning a virulent Peruvian isolate of 
A. marglnale. AIl control cattle developed typical signs of anaplasmosis 
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and died within 44 days after the challenge. Clinlcal signa of disease 
were not observed in any of the vaccinated animals following challenge 
inoculation. 

In Mexico (61,62), the efficacy of the attenuated A. marginale 
vaccine was evaluated in control experiments on 38 purebred dairy and 
beet cattle by scientists of the Instituto Nacional de Investigaciones 
Pecuarias, Mexico, D.F. In the laboratory experiment (Mexico CUy) 
vaccinated and control cattle (10 three. year-old Herefords in each 
group) were challenged with a vlrulent Mexican Anaplasma isolate 6 
months after vaccination. The Challenge dose, maintainro in liquid 
nitrogen, had a standard potency sufficient to kili 80% of adult 
susceptible cattle. Challenge results showed 100 % protectlon against 
mortality and 70% protection against morbidity in the vaccinated 
group as compared to 100% mortality in the control group. The short 
lasting morbidity in 30% of the vaccinates was followed by qulck 
recovery. 

In the field experiments (62), the cattle, which were raised in 
isolation units free of arthropods, conslsted of 10 Brown Swiss calves 
(1 'to 13 montbs of age) and 8 Holstein calves (5 to 7 months of age). 
They were paired by breed, age, and body weight, and allotted to 2 
equal groups. Calves in 1 group were vaccinated, and 6 weeks after 
vaccinations calves in both groups were placed in the field where they 
were ralsed for approximately 1 year. Two Holstein and 3 Brown Swiss 
calves of the nonvaccinated group developed clinical anaplasmosis, and 
the remalning calves of this group had hematologlc evidence of the 
disease during the 2 to 4 months after introduction to the field. The 
vaccinated group, which rernained free of anaplasrnosis, showed 
consistently greater weight gain than did the controls. Among the 
Holstein calves, the maxlmum welght difference In favor of the 
vaccinated group was 50 Kg/head at 5.5 months after field exposure, 
and among the Brown Swlss calves, the dlfference in weight gain In 
favor of vaccinated calves at the end of the 12"rnonth perlod was 
between 11 and 30 % . 

FlnaIly, a larger experlment recently completed in Mexico (63) 
involved movement of vacclnated and nonvacclnated animals from the 
northern tick-free portion of the country (Sonora) to the southern 
endemic reglon of Tabasco. There were 383 vacclnated and 42 non· 
vaccinated yearling cattle oí mixed breeds. Arter 6 montbs residence 
in the endemic arca there were no losses due to anaplasmosis among 
vaccinated cattle while 23 of the controls (45%) died of the dlsease. 
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Proposerd Mechanism of Protection Induced by the Attenuated A. 
marginale Vaecine. 

It has been shown that the attenuated vaccine induces both 
humoral and cell-mediated immune responses. Sera from convalescing 
animals are active in precipitation, agglutination, complement fixation 
and fluorescent antibody tests. Transfer of sera from immune cattle 
to susceptible animals, however, did not confer protection against 
anaplasmosis . 

Cell- mediated !mmunity (CM!) , as shown by in vitro tests developed 
2 to 4 weeks following vaccination with the attenuated A. marginale 
(Figs. 5 and 7). These cattle were solldly protected when challenged 
with the virulent A. marginale. When susceptible animals were first 
inoculated with the virulent organism, a significantly elevated CMI 
response (aee statistical analysis below) usually coincided with the 
development of clinical signs of the dlsease (Fig. 6). Once these 
animals were treated and recovered from the acute phase of the 
infection, a strong CM! response became evident and they were then 
cllnically protected. This finding indicates a correlation between CM! 
and protection as well as the need for a gradual or balanced host­
parasite interaction before protective immunity may be achieved. 

Leukocyte migration inhibition (LMI) and lymphocyte transform­
ation (LT) tests using peripheral blood leukocytes were employed for 
in vitro measurement of CM!. In view of the fact that the LT but not 
the LM! test rendered positive results following inoculatlon of 
inactivated antigens, and such animals on challenge exhlbited a 
limited degree of protection, we concluded that the LMI test Is a 
more accurate indicator of protective ímmunity. Animals inoculated 
wlth attenuated and virulent agents failed to develop cutaneous delayed 
hypersensitlvity while less protected anlmals inoculated wlth inactiva. 
ted-adjuvant fortified Anaplasma developed a delayed cutaneous 
hypersensitivity. Recent studies showed that such cutaneous reactions 
were due to erythrocytic antlgenic determinants rather than to 
Anaplasma antígens. 

While there is no indicatlon of protection by antibody per se, 
opsonins of the IgO type were eluted from erythrocytes of infected 
anlmals and shown to sensltize autologous and homologous bovine 
erythrocytes to phagocytosls by an in vitro test. The perlod of maximal 
opsonic activity coincided with the time of anemic crisis and 
erythrophagocytosis in the bone marrow (53). Thus, the participating 
role al antibodies for in vitro protection Is indicated. Under the 
circumstances, one could vlsualize that the protective immunity in 
anaplasmosis Is an expression of participation of humoral and cell­
mediated immunity, with the latter assuming the principal role. Upon 
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contact with antigens of the virulent organism, sensitized lymphooytes 
ol vaccinated animals would induce activation of phagocytic 
macrophages and these in turn, aided by opsonizing effects oi 
antibodies. rapidly remove infected erythrocytes from the circulation. 

statlstical Analysis 

Combined analysis of varlance and T tests on LMIT data 
representing O to week 8 post injection (PI) for 4 cattle in each oi the 
treatment groups, a) attenuated vaceine, b) premunlzed, e) inactivated 
vaccine, and d) susceptible controla generated the following 
informatlon: The highly signiflcant (P - .01) interaction of times 
with treatments makes it necessary to compare treatments at specific 
times rather than without regard to changes with time. The effect of 
the vanous treatments and associated changes with time were highly 
signiflcant (P = .01). 

The following compansons are based on T tests using the error 
means square from the general analysis of variance and the appropriate 
numbers of observations per mean: (1) In cows immunized wlth the 
attenuated vaccine LMIT values increased slightly by the week (4) PI 
and exceeded baseline levels during weeks 6 through 8 PI to a highly 
significant extent (P .01); (2) there was no significant ehange in 
LMIT values during the flrst 8 weeks PI in eattle whieh reeeived the 
inaetivated vaecine. The slight rise in inhibition lavels for different 
cows oecurring at various times established no general trend; (3) 
cattle infected with the virulent organism, Le., premunized (treated) 
and controls (not treated) showed no significant (P-. 05) inerease in 
LMIT values until week 8 PI; (4) percent inhibition (LMIT) for cows 
having received the attenuated vaccine exceeded that of cows 
immunized wlth the inactlvated vaccine by a highly significant (P-
0.1) degree in the 6th through 8th weeks PI although earlier differences 
are not significant (P ~ .05); (5) in the 7th and 8th weeks PI, pre­
munized cows and those which received the attenuated A. margínale 
had similarly high levels oi inhibition. 

Economic Aspects and the Role of the Attenuated A. marginale 
Vaccine in the Prevention of Anaplasnwsis. 

Throughout tropical and semitropical regioos oi the world, 
anaplasmosis is considered one oi the most important diseases oi 
cattle. Although the mortality rate due to anaplasmosis is staggering, 
it is minor as compared to weight. milk, and calf losses. In addition, 
expense oi treatment, special management and palliative convalescent 
care further adds to the economie burden caused by anaplasmosis. 
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J3ased on reports submitted by praeticing veterinarians, a recent 
publication of the U .S. Department of Agriculture estimates that 50 
to 100 thousand annual cattle losses can be attributed to anaplasmosis. 
These losses, combined with morbldity effects, are estimated at 100 
million dollars ayear (65) . 

South of the U.S. and throughOut the Latín American continent, 
the economic impact of anaplasmosis Is much greater. There are 
numerous enzootic areas in which losses due to the disease are 
experienced throughou t the year. Cattle raised in these areas develop 
anaplasmosi¡¡ during early calfhood and those transported from tick­
free areas become i1l shortly after introduction. Based upon our 
preliminary observatíon of the effect of anaplasmosis on cattle brought 
froro northern México (Sonora) into southem endemic regían!! 
(Yucatan, Tabasco, or Veracruz), we estimated that translocation of 
100,000 cattle wil1 produce losses in excess of 20 million dollars. 

All developing countries are striving toward exploring and 
developing new grazing land for expansion of their cattle industries. 
Most tropical jungle terrain Is readily available and used to develop 
new pasture land. Modern technology, howevex, has not developed 
effective means for removing arthropod vectors from these newly­
developed cattle raising areas. Undex the circumstances, anaplasmosis 
constitutes a major threat to the private and government cattle 
investments in these areas. 

Although effective chemotherapeutic compounds for treatment of 
anaplasmosis are now available, field experience has shown that 
immunoprophylaxis is the on1y feasible means of controlling the disease 
in enzootic areas. In these areas, application of the attenuated A. 
marginale vaccine would augment the development oi the livestock 
industry. 

'I'he authors acknowledge the assistance of Dr, A. J. Lee, Depa:rtment of Dairy Science, 
University ot lUinois. in the statistical analysis of data. 
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A REVIEW OF THE KNOWLEDGE OF THE VECTORS 
OF BOVINE ANAPLASMOSIS 

Kenneth C. Thompson* 

A resurgenee oí studies on the biologícal relationships and 
transmission oi Anaplasma eVidenees a new wave oí popularity. It la 
now conceded that Smith and Kilborne, in thelr original classic 
dernonstration oi tick transmission oi boVine piroplasmosis in 1893, 
observed Anaplasma marginale bodiea as "perlpheral coccus-like" bodies 
in erythrocytes of sorne animals. Rlstlc (1960) stated that "the exact 
rneans by whlch anaplasmosls ls perpetuated in nature ls little 
understood" a statement which probably still halds true taday. 

Experimental and epidemialagical eVidenee incrlminates horsellies 
(Tabanus spp.) as the rnost significant insect vector af anaplasrnosis 
(Ristlc, 1968; Roberis et aJ. 1968). Transmission by horsellies is 
effected only by rneehanicaJ rneans and usually must take place within 
a few minutes. Wilson and Meyer (1966) dernonstrated transmisslon 
of bovine anaplasrnosis frarn a diseased eaJf to an adult caw by 
inunediate transfer feedings af the horsefly, Tabanus fuseicostatus. 
They further stated that sorne carrelatian between high harsefly 
populatian densities and the incidence of anaplasmosis existed in 
Lauisiana. At least 10 species af Tabanus in the United States have 
experimentally been shawn ta transrnit anaplasmosis (Ristic, 1968). 

Other rues such as stableflies (Stornoxys), deerflies (Chrysops) , 
black llies (Simuliidae), and harnllies (Siphona) are also potential 
vectars. Mechanical transmlssion has been demonstrated experimentaUy 
with mosquitoes af the genus Psorophora and the genus Aedes. 

Roberis and Love (1973) reported that the eye gnat (genus 
mppelates) can harbor the organism far at least three days. The 
opportunity for transfer through regurgitated ar defecated material ls 
greater than that af biting ilies which can transmit rnechanically 
anly by interrupted feeding and then usually anly within a very shart 
time. 

• Aca:rology Uro!, Animal Health Group. Centro Internacional d. Agricultura Tropical 
(CIAT), Apartado Aéreo 6'1-13, CalI, COlombia. 
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Probably the most eommon method of meehanieal transmission is 
by the eattleman using eontaminated instruments (Le. during 
dehoming and eastrations) and needles (L e. using the same needle to 
vaceina te all animals) . 

Howarth and MeNea! (1973) stated that hematophagus insects are 
undoubtedly responsible for sorne transmission of anaplasmosis under 
rangeland conditions but that they should not be considered vectors 
of major importance. They assumed that ticks were most likely to be 
the only natural vectors capable of maintaining exposure to Anaplasma 
Infection at the high levels demonstrated in their experiments in 
California, USA. Under the conditions of their controlled exposure 
trial, there was no evidence of flying insect transmission to, and 
Infection of, platform housed cows by A. marginale. However, as they 
stated, no determination of insect activity on the platform was made. 

Ristic (1968) reported that at least 20 species of ticks are capable 
of transmitting anaplasmosis under experimental conditions. He stated 
that the fact that transmission was effected by certain ticks under 
experimental conditions does not necessarily mean that the tick is a 
vector in nature. Ecological factors which include terrain, climate, 
vegetation, host predilection, tick habits, and their geographieal 
distribution in their natural environment undoubtedly produce great 
variations in their roles as anaplasmosis vectors. Both argasid and 
ixodid ticks of several genera in the Old World and the New have been 
shown to be vectors. 

Philip (1963) aptly pointed to the complexities and variety of 
acarine adapted agents, ie., viruses, rickettsiae, spirochetes, bacteria 
proper, and protozoa, plus noninfectious agen ts which give the Acarina 
the dubious honor of being the most versatile vectors and annoyers. 
This is not difficult to understand for ticks and mites have been 
living at the expense of animal hosts for a much longer period in 
modero geologic history than have the more recently evolved biting 
flies. Many ticks have become specifically adapted to certain hosts 
and their habits, and most ticks are parasitic in all stages after the 
egg. 

Tieks may function as more effective reservoirs in many pathogenic 
ecosystems than more highly organized parasitie insects, and even 
many affected vertebrates. Several factors which favor ticks as 
reservoir host include: "longevity; resistance to starvation and 
overwintering or inter-epizootic survival in appropriate environments; 
frequent attack on more than one vertebrate host in a given generation; 
adaptations that result in transmission by several stages and passages 
of agents through the eggs to progeny; plus cyclie propagation in the 
vectors". 
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Phillp (1963) further stated that there is a. tendency to attribute 
adrnntages as vectors to parasites with wlngs, particularly mosqultoes, 
which appear to be more moblle in seeking hosts. But the advantage 
recedes when it Is recalled that (1) that ticks, especially many of the 
argasids, are much more durable, and (2) that many hosta of Acarina 
not onIy travel farther than fraglle biting mes but may also transport 
all active acarine stages. Ticks may even transgress continents on 
migrating birds and bats, or on exported animals. 

Passage of pathogenic organisms from one tick generation to the 
next through the eggs probably represents the highest degree of 
adaptatlOn to residence in the vector, particularly among the vlruses, 
rickettsiae, and spirochetes. The bacteria causing tularemia are 
irregular in this regard. Noteworthy Is the transovarian passage of the 
protozoan, Babesia. 

An important advance in the modem study of acarology la the 
growing realization that more than morphological criteria are needed 
to delineate many pathopherous * species which display puzzllng 
geographic differences in blologic activitles. 

An example is the ubiquitous brown dog tick, Rhipieephalus 
sanguineus, whose habits of attaching and transmitting pathogeus 
to man in certain parta of the Old World, Kashmir, and northem 
Mexico are lacking In other areas of abundance, e.g., southern United 
States (American spotted fever). On morphological grounds Feldman­
Muhsam (1952) in Palestine separated a second specles, R. secundus, 
which may in part explaln differences in reported habits. When 
Hoogstraal (1956) pointed out population differences under varying 
environmental conditions and host predllection (in part based on 
studies of Walton), he called attention to similar dlscrepancies in our 
supposedly well-rounded knowledge of the African relapsing fever 
vector and the human parasite, Ornithodoros moubata. TheUer (1947) 
contrasts the ungulate host propenslties and vectorship of the 
HyaIornma species in USSR with their failure to infest even domestic 
stock in South Africa. There are many taxonomic problems stlll to be 
solved that transcend strict morphological cnterla and lmpede 
confident delineation of pertinent vector relationshlps. 

Interference phenomena between animal pathogens are now well 
known but are little assessed in ticks concomitantly infected with more 
than one agent; yet this could be an important factor in vectorship 
in certain biocenoses. No effect on the transmJssability of simultaneous 

• Greek pa.th- a prefix OOnoting suffering or illness. and pberot tú bear 01' carry; in 
contradistinction to "pathogeníot~. to cause disease (applied to the etiologic a.gents). 
"Virulltemus" l. an adJeotive emplQyed by plant virolog!sts to desorlbe lnrected 
vectors. 
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infections in the same ticks with Anaplasroa and Theileria was noted 
in the reports oi Bitukov (1953) and D'yakonov (1959), but the 
problem merits further investígation oí other agents. 

Neitz (1956) in hís consolidation of the knowledge of the 
transmission oí tick"borne diseases stated that transovarial 
transmission oí anapiasmosis occurred in the Boopbilus spp., in 
Dermacentor andersoni, Haemaphysalis cinnabarina punetata, 
Hyalomma excavatum, bolles ricinus and Rhipicephalus simus. In the 
remaining ticks, D. albiplctus, D. variablis, Rh. bursa, Rh. sanguineus 
and Argas persicus, only stage to stage transmission within the same 
generation has been recorded. 

However, as is known, the eradication oi B. annulatus and B. 
Iinicroplus over a large area in the U'nited 8tates of America was 
followed by the eradication of babesíosis but not by that of 
anaplasmosis (Ristic, 1968). Argas persicus, D. variablis and Rh. 
sanguineus are rarely found on' cattIe. D. andersoni is more or less 
limited to the Rocky Mountain 8tates, and D. occidentalis to California. 
The geographical distribution of D. albipictus extends beyond the 
enzootlc anapiasmosis area. In the case of l. scapularis the seasonal 
occurrence oí the adults (the only stage that ieeds on cattle) cannot 
be correlated with the seasonal occurrence of the disease. Hence, it 
appears mechanlcal transmlsslon 18 responsible for anaplasmosls in 
these areas. 

Howell (1957) and Reshetnyak et al. (1956) aIso reviewed arthropod 
transmission of anaplasmosis. Reshetnyak et al. incrimlnated three 
additional ixodids In the US8R. Bltukov (1953) flrst reported 
transmisslon in Kazakh by adult H. snicata and by larvae and nymphs 
of O. Iahorensls, but his protocols are unclear as to whether 
transovarial passage was Involved. D'yakonov (1959) reported apparent 
natural infectlon of R. turanicus in the Stavropol reglon, U88R, adults 
01 whlch infected a mm on transfer. This could not be asserted as 
more than a mechanical transmission. 

The presence of ticks other than B. mieroplus and of several 
associated tick-borne diseases is an added complicatlon in tropical areas 
outside Australia, however, 8eddon and Albiston (1966) stated that In 
Australia Anaplasma marginale infectlon 01 cattle has been found only 
In cattle that have been infested with the cattle tick Boopbilus 
microplus. Rogers (1971) suggested that although anapiasmosls Is 01 
secondary importance to babesiosls in Australia, the number of 
outbreaks of anaplasmosls in Northern Queensland is slgniflcant. 

It has been stated by Springell (1974) that Australia Is fortunate 
In having oniy one tick species of major economic importance. If this 
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Is the case lt would be 01 Interest to see if anaplasmosls occurs in 
areas oi Australia which are outslde oí the B. mieroplus belt. 

Kuttler et al (1971) using unfed larvae of Boopbllus annulatus 
reported succcasful transovarial transmission oí anaplasmosls to two 
splenectomized calves, but recent work using a different species i. e. 
B. mieroplus, shows the contrary. 

Leatch (1973) reported that while A. margiruIle was readily 
transmitted by transfer of stages of B. mieroplus the following 
generatlons oi the same ticks were incapable of transmitting infection. 
A number of factors such as conditlons of incubatlon of females 
during egg-laylng and of larvae may be involved. In addition, sorne 
stralns of A. marginale or oi B. microplus may modify the incldence 
oi this type of transmisslon. 

In experiments by Connell and Hall (1972) interrupted feeding and 
removal to a susceptible host and transfer of the next instar were the 
succeisful methods of transmitting A. marginale, whereas six attempts 
at transovarial transmission by B. microplus were uusuccessful. 

Uilenberg (1973) summarized his work oi 1968 and 1970 by stating 
that aH attempts to transmit anaplasmosis transovariaHy by B. 
microplus had failed even though all epizootiological evidence pointed 
to its role as the vector. An infected animal was then infested with 
larvae of B. microplus and penned 4 days later wlth a susceptible 
splenectomized stccr, free of ticks. This steer acquired ticks from the 
tirst animal, and became infreted with A. marglnale. 

Snmmary Questions 

1. How important ls Boophnus mleroplus in malntaining 
anaplasmosis in nature when: (1) its abillty to transmit anaplasmosls 
transovarially ls questlonable; (2) it is a one host tick (aIthough as 
shown aboye, sorne transfers to other hosta do occur)? 

2. How important is a biological vector (the organism undergoing 
sorne change, development or multlplicatlon) to perpetuate anaplasmo. 
Bis in nature? 

3. Does elevatlon itself effect the transmisslbility of the A. 
marginale organlsm or ls lt the absence of the vectors which is the 
criterion? 
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EPIZOOTIOLOGY OF ANAPLASMOSIS AND BABESIOSIS 
IN URUGUAY 

F. Caruíbez* 
R . J. Bawden ** 

The genera Babesla and Anaplasma have existed in Uruguay sinee 
the turn oí the century. The flrst law on sanitary control established 
on the 13th April 1910 already included "bovine tristeza" but the exact 
date of the first diagnosis ls not known. During the twenties (1924), 
Rubino suecessfulIy attempted to lnfect sheep with Babe6ia. 

The exlstence has been reported in Uruguay of different genera oí 
hematophagus insects and ticks important to the epizootiology of the 
hemoparasites with which we are here concemed (Castro and Trenchi, 
1955). Outbreaks oí anaplasmosis have been reported that were 
a8sociated with Stomoxys calcltrans, different specles of tabanlds, 
hypodermic needles and severa! surgical procedures (Carballo Pou, 
1948). However, it has been generalIy accepted that Boopbilus 
microplus is the principal vector of the genera Babesia and Anaplasma 
lxooes ricinus also exists bu t from the time oí the research oí Rubino 
and Varela Calzada (1943) to the present date there has been no 
outbreaks oí babeslosis assoclated wlth thls tick. The time of the first 
appearance oí Boophilus in Uruguay Is not known, but, as already 
mentioned, the sanltary measures existing at the start oí the century 
recognlzed Its presence. For severa! decades, therefore, workers at the 
Centro de Investigaciones Veterinarias have attached fundamental 
epizootiological Importance to Boophilus microplus. 

This was the background to the first law for the eradlcation oí 
ticks In Uruguay (1940). The country was divided lnto two sectors 
North and South. The division was made because oí the limited 
number oí outbreaks of tick infestations in the South, contrasting 
with th. situatlon in the North where Boophilus was enzootic. 
IncldentalIy, outbreaks of anaplasmosis and babesiosis were observed 
almost exclusively in the northem sector. 

* Vet.erin!lrlall speci&IJzlng in hemoparas!tes and t1cks, Centro de Investigaciones 
Veterinarias "Miguel C. Rubiano" Montevideo, Uruguay. 

•• FAOflJNDP, Uru¡¡u .. y. 
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Recently, Boopbllus mieroplus has beeome enzootic in areas that 
were previously considered "elean". Furthermore, there have been 
repeated outbreaks of babesiosis in the southern sector. 

What, then, are the chances for the spread of hemoparasltes in 
the country? We can here introduce the concept of break-down in 
epizootiological balance which can happen in areas marginal for ticks 
or in wWch tick populations have been artificlally reduced (Albiston, 
1966). Relative to Australian information (McCulloch and Lewis, 
1968) the climate oí Uruguay would make 1t a marginal area. After 
his visit to Brazil in 1973, Lewls reported that, as Uruguay is below 
the 30' parallel South, given a similar climate to Australia, the whole 
country would be marginal. At the Wollongbar Experimental Station, 
29' South, only iour Boophilus mieroplus tick generations have been 
reported in one year. On checking the rangas of mean temperatures 
in Uruguay, 1t can be seen that in mid-winter no more than two 
degrees difference exist between Rivera and Montevideo. If this data 
is compared to that published by McCulloch and Lewis (1968) 
for Wollongbar a great slmilar1ty lB observed although temperatures 
are generally lower in Uruguay between March and October. The 
authors have stressed the lmportance oi the humidity factor since 
It Is necessary to have a 70% minimum relative humidlty 
for the hatcWng of Boophilus microplus eggs (Hltchcock, 1955). This 
polnt is interesting in that the average rainfall for the last 50 years 
inereases from 1000 mm. in Montevideo to 1500 mm. in Rivera and 
is unlforrnly spread throughout the the year. In Wollongbar the 
annual average Is 1600 mm. (Table 1). These data are interesting In 

Table 1. Comparative data for arcas of AUlltralia (Wollongbar amd 
Pretty Gu1ly) with areas in Uruguay. 

Place 

Wollongbar 

Pretty Gul1y 

Rivera 

Treinta Y tres 

Montevideo 

Latitude 

29 

29 

30'54 

33011 

34'52 

------ ....................... __ .... . 
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Altitude Ralnfaull 

M mm 
................ _-----

130 1.550 

600 1.350 

260 1.508 

31 1.150 

22 1.018 



comparison with locations that are considered marginal accordlng to 
McCulloch and Lewis (1968). Pretty CUlly lles at 600 m. aboYe 
sea level whereas in Uruguay there is no elevation greater than 
:;00 m. It was in Pretty Cully that the authors reported faults in the 
oviposition of many of the fallen ticks and lack of hatching of eggs 
laid from early M:arch to late August. In Wollongbar, hatching 18 
possible all year round, excepting May and June. In spite of little 
available information, it is accepted that the bionomics of the 
Uruguayan tick is not regulated by any fixed pattem. As was 
previously stated, the knowledge of the bionomics of Boophilus acquires 
fundamental importance in marginal areas. Because of this tact, 
studies were started at the Centro de Investigaciones Veterinarias on 
tick prevalence and bionomics, and also includlng acaricide resistance. 

Retuming to the Albiston concept (1966) it may be presumed that 
the epizootiological status of the Babesia and/or Anaplasma species i8 
also unstable. In our country we cannot yet adopt the Mahoney and 
Ross philosophy (1972) to dlfferentiate areas of greater or lesser risk. 
Studies on the distribution and bionomics of the tick are therefore 
being carried out at the same time as serological surveys for Babesia 
and Antiplasma. 

It is recognized that the prevalence of these hemoparasites is not 
an exclusive function of the tick distribution. Other factors exist which 
could be fundamental to their epizootiology. The catUe population, 
for example. Is exclusively 80s taurus. 

The local market and export tradt', principally to Brasil and 
Paraguay, make use of a vaccine derived from infected blood. 
Uruguay has an officlal laboratory which supplies blood infected 
wlth Anaplasma oontrale, Babesia bigemina and B. argentina. The 
existing legislation, however, is not sufficlently clear to stop private. 
non-technical personnel from handling sources of supply. These 
practices cause frequent fallures in the protectlon of vacclnated 
animals leadlng to the general practice of challenging such animals 
wlth strains from the place of destination. It i8 common, therefore to 
inoculate animals, ln Uruguay, with blood from Brasil, Paraguay or 
Argentina. These situations are often unknown to offlcials and only 
the producers involved know what lB happening. 

In 1968 the foot and mouth dlsease campaign was initiated. It 
required that all producers be obliged to vaccinate thelr cattle three 
times ayear, at perlods officially establlshed. These inoculations, not 
always carried out by technlcians, could result In the propagation of 
anaplasmosls. In 1973 the Diagnost1c Laboratory of the Centro de 
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Investigaciones Veterinarias found that two Anaplasma outbreakB in 
the northern sector were due to faulty inocuation. 

In addition, in spite of Babesia bigembla, Babesia argentina and 
Anaplasma marginale being diagnosed in the country, prevalence 
studies were never ruade. For many years different work groups 
accepted that Babes1a argentina was practically restricted to the 
Paysandú area. During Dr. CaIlow's vislt in July 1974, infection was 
confirmed in the same area but in a place previously thought non­
infested. Later, diagnosis was made oi acute cases associated with 
Babesia argentina, in the states of Cerro Largo and Treinta y Tres, 
during August and September. 

starting in 1974, a technical assistance project of the UNDP has 
made the development oi the Parasítology Department possible in the 
Centro de Investigaciones Veterinarias. lit is hoped that research in 
this field can be intensified, within the phílosophy of parasitism as a 
regulating factor in livestock production. 
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COMMENTS ON THE DIAGNOSIS OF BABESIOSIS 

D. W. Brocklesby* 

1 must congratulate Dr. Mahoney for his exce11ent keynote paper. 
Far many years now, work in Britaln on babesíosis has lagged behind 
that in other countrles, prlncipa11y Australia, because It Is not a blg 
problem for USo Bamett (1974) estimated that redwater was probably 
costing Brltaín about J:400,OOO ayear. This is not a negligible amount 
but looks small when set agaínst figures Jike J:50,OOO,OOO for Jiver 
fluke. 

In this worksbop we are díscussíng control and eradicatlon and two 
methods oi diagnosis which may be useful . smears and serological 
tests. The use oi smears la well known to us a11 but Dr. Mahaney has 
given us sorne useful rules for their appJication under field conditions. 
Smears are certainly the most importsnt technique for the recognitlon 
of infection although in Britain and other European countries 
diagnosis is lnvariably based on clínical observation. Redwater used to 
be the d!sease that teachera in veterinary school would say could be 
diagnosed over the telephone . so loud is the thumping oi the animal's 
heart. A second common dlagnostic method, of course, is response to 
'reatment. If the animal responds to the administration oi a babesiclde, 
it was redwater. 1 agree that thlck films should be used more oiten 
but there is a general reluctance to move away from the familiar thin 
film technique. In England 1 haya had trouble using the thick film 
method for Babesla divergens, but no difficulty wlth the much larger 
Babesia major. 

I, myseif, aro not a serologlst so that 1 was delighted to see Dr. 
Tododovic's recent review entltled "Serological Diagnosis of Babeslosis" 
in a recent copy of Tropical Animal Health and Production. This ls 
a most valuable and up-to.date account ol the subject. However, one 
thing 1 have noticed ls that people become astonishingly attached to 
a particular technique and some can hardly bear to talk about any 
other method. This ¡eads me to suppose that there ls no perlect test 
avallable . 

• , Institute fo! Research on Anima.l Diseases, Compton, England. 
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Let me now ask a. naive question. Do we need a serological test to 
assist ua in control or eradication? I suppose that the two best known 
examples of the eradication of piroplasm diseases of cattle are tha 
successful campaigns against Texas Fever in the United States and 
the defeat of East Coast Fever in South Atrica. Both were 
accomplished without any aerologica! aids. Oí course, serological tests 
have many applications but their use in the fields oí control and 
Bradication needs to be argued. 

There is another danger that la often Ignored which I can illustrate 
wlth two examples from outside the babesiosis fleld. The first conceros 
a survey recently carded out In Kenya by an FAO project, KEN 22. 
Mainly using the Indirect Hemagglutination and Indirect Fluorescent 
Antibody tests, the team conducted a countrywide survey on tha 
incidence of East Coast Fever, and attempted to correlate tha 
serological results with the answers that were given by stockowners. 
At this moment the results oi the survey have not been published but 
r do not think I am breaklng any confidences when I tell you that 
there were signlflcant numbers of reacting oattle in districts that were 
... eIl known to be free from the disease and stockowners claimed 
they had no tick problems whatsoever. 

The second example concerns an extenslve abattoir 1Iver fluke 
survey recently carried out in Britain by a commerclal firmo It was 
formerly thought that fluke was, like Babesia, mainly restricted to 
the westero parta of Britain. Trus new survey, wruch has been heavily 
publicized, showed that infected cattle were present throughout the 
country. Infected cattle were found on almost every farm. 

Both these surveys acrueved much, but they suffered hecause they 
took no account oí cattle movements. This is a simple fact which i8 
!lften Ignored. Beef cattle populations are extremely mobile. In 
Britain such cattle stream from West to East bringing their liver 
flukes and presumably, their babesial antibodies with them. 

The point I am getting at 18 that we should pay more attention 
to vecton: which, when compared with cattle, are relatively stattc. The 
tick stages of Babesia are large and easy to recognize. At Compton we 
have found that egg squashes reveal stages of B. major quite readi1y. 
Perhaps we should collect adult ticks from the vegetation, allow them 
to feed on experimental animals and then examine thelr eggs. In 
this way we would learo about the infection rates in the local ticka. 
Perhaps the Feulgen method developed at the Centre for Tropical 
Veterinary Medicine, Edinburgh, could playa part in trus. 

tu conclusion, then, 1et ua consider the possibility that we may 
be paying a 1Ittle too much attention to antlbodies in cattle snd not 
enough to the parasite in the tick. 
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EVALUATION OF PREMUNITION FOR THE CONTROl, OF 

ANAPLASMOSIS AND BABESIOSIS ON COMMERCIAL 

RANCHES IN THE CAUCA VALLEY (COLOl\ffiIA) 

E. G. González and R. A. Tooorovic* 

Introductlon 

For many years, in Colombia in particular, bovine anaplasmosis 
and babeslosis have been a constant problem and a cause of economic 
loss. However, their effective control is still a large question in this 
country where, for many reasons, an eradication program of vectors 
ls virtually lmposslble. Recently, several trlals have been carrled out 
under experimental and fleld conditlons, to test different methods oi 
control of these dlseases. The premunition and chemoprophylaxis 
program have shown good results although there are still problems to 
be solved, especially in the applicability to field conditions. 

The concept of "colnfectious immunity" or "premunition" has been 
known for several years and has been and Is belng practiced, by 
various means, in the countries of the tropícs where anaplasmoslB and 
babesiosis exist. 

Premunitlon has been practiced in Colombia by several breeders, as 
a means of protecting their calves when they are flrst put out in the 
fleld. The simplest method consists in taking blood from an adult, 
preferably the calf's mother, and injecting it into the calves before 
letting them out to pasture. There are other methods used on other 
ranches as a routine practice. Although it is true that these methods 
have reduced the problem on sorne ranches, it still persista in sorne 
areas, especially on dalry farms as problem number one. 

In South Amerlea, the geography and ecology oi the diseases are 
similar in many countries that are situated in the tropics where there 
are areas ol different altitudes above sea level. The western regíon 
of Colombla, the most developed, lB crossed by three ranges of the 
Andes, where altitudes vary from O to more than 4,000 meters. Great 

• Rosearcb Assoclale. Animal Health Group, CLAT, and Leader. T..... A&M Group 
Speclal Project on Hemopa.t'llSites. ....poctiv.ly, 
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valleys run between these ranges, reaching heights of 800 to 1,500 
m, and whereas anaplasmosls and babesiosls are endemic in them 
as in the North coast and the Eastern plains, here they present a 
larger problem because cattle breeding la more advanced with European 
stock and different management procedures. There are also areas 01 
over 2,500 metres, such as the Sabana de Bogotá and the highlands 
of Nariño, where the diseases are practlcally non.eXÍstent. This 
situation restricts the movement and rearing of herds in certain areas, 
and causes many anaplasmosis and babesiosis outbreaks in the 
intermediary areas. The presence of these diseases is also a limiting 
factor in the importation oi stock and the establishment and 
development of other breeds. 

In light oi these considerations and of the results obtained in 
previous tests, it was thought that a premunition program should 
be started in Colombia, on commercial ranches, to test its applicability 
under field conditions. However, in this country, anaplasmosis and 
babesiosis appear as concurrent infections, making impossible a 
unilateral control of either one. A premunition programme in Colombia 
should, therefore, be directed to control the Anaplasma marginale, 
Babesia bigemína and 8abesia argentina parasites together, since, 
according to epldemiological studies carried out up to this moment, 
they are oí great pathological significance. 

This Is why it was decided to lnitlate a cooperative project between 
the special Texas (TAMU) project at the Centro Internacional de 
Agricultura Tropical (CIAT), and the Instituto Colombiano Agropecua. 
rio (rCA), to evaluare the results of premunitlon in the field, carried 
out on ranches In the geographlc area of the valley of the Cauca River. 
The principal objectives of this programme are as follows: 

1. Develop and evaluate varlous premunition techniques under 
experimental and fieId condltions; 

2. In large seale trials, determine whether the methods that have 
shown best results on a small scale, are effective in reducing, to a 
minimum, the losses caused by anaplasmosis and babesiosis in 
commerelal ranches; 

3. Compare the effectiveness of premunition in pre.lmmunized 
animals with non.pre.immun1zed animais, in terms of weight gam, age 
of maturity, efficiency in reproduction and production; 

4. Determine by cost analysis whether this program is 
economical1y beneficial under commercial conditlons. 

Up to the present moment 12 ranches have bee'l1 visited in the 
states of Valle and Cauea and, in cooperation with animal health 
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veterinarians from ICA, samples have been taken, of different age 
groups, with the purpose of determining prevalence according to age, 
management conditions, typeS oi ticks and problems caused by 
babesiosis and anaplasmosis. The ranches were chosen according to 
their geographical situation, number oi cattle and their hemoparasitic 
problems. It should be noted that premunition program are 
already being carried out on some oi these ranches and, in cooperation 
with the ranchera and veterinarians, a comparison will be made 
between the different premunition methods employed. 

Management systems and problems are different on each ranch 
and it is therefore necessary to establish an area diagnosis before 
Initiating any program. The most common management practice used 
on dairy farms is that of stabling the calves until they are 4 to 5 
months oId and then letting them out to pasture or sernl-pasture, up 
to the age 01 10 to 12 months. Under these conditions, problems occur 
when the calves go out to graze. They start suffering trom infections; 
sorne die and others are considerably retarded. This factor of retarded 
development is important beca use the animal has difficulty in 
recuperating. The stage at which to practice premunition is, therefore, 
when the animaIs are stabIed, before being let out to pasture. 

Another situation exists on ranches in the mountain regíon. The 
case here is dramatic since the ranchers caunot move their herds to 
the vaUey areas and, when they are forced to do so, they lose more 
than 50%. Furthermore, in the aspect oi economics, the price of a 
cow from the mountain regíon ls much lower than one from the valley 
but, due to the limiting factora caused by these dlseases, ranchera 
cannot profit by marketing their stock. Under these conditions a 
premunition program can be practiced at any age, before moving 
cattIe to the endemlc zone. 

Laboratory Work 

The premunltion program to be carried out ls based on the 
principIe oi the use of stabilates, prepared with Anaplasma marginale, 
Babesia bigemina and Babesia argentina organlsms, lsolated and 
purified in Colombia. Stabilate is the term used for any bloIogícal 
substance that is preserved in certain conditions under which it does 
not lose its viability. In this case the organisms are preserved at -65" C 
in dry ice. These organisms are injected into splenectomized calves, 
selected for their excellent health and good hematocrit value. When 
a good parasitemia is obtained, with a hematocrit vaIue of not less 
than 20%, the animals are bled by canulation. The bIood that is drawn 
la centrlfuged to separate the plasma, then lt ls washed twice in a 
sterile solution of buffered phosphate (pH 7.2) and the concentrated 
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blood is dlluted, in equal quantities, with 4M-DMSO, as a cryoprotective. 
It is then placed in phials and lmmediately frozen in liquid nitrogen 
for two hours. The blood la kept in a speeial contalner, wlth dry ice, 
at -65" e, until required. Parasite counts are made before dilu1lion 
with DMSO. Titration of the stabilates was carried out in groups of 
three animais, using splenectomised control and two intact animals. 
For A. marginale we used dilutions up to 10-', finding 10-' to be the 
most appropriate. 

Of thls dllution, 2 cc. are utillzed intravenously, containing 2.6 x 
10' organisms of A. marglnale. Under these conditions an average 
parasitemia of 10% was obtained, a reductlon in hematocrlt value ln 
average oi 17% and no treatment was given. The animais recuperated 
without treatment. 

As a guide in calculating the number of doses that can be obtalned 
for use in premunition, ir a calf of about one year oi age 15 U5ed, up 
to 8 litres of blood can be drawn, giving about 2,000 CC. of red 
corpuscules which, diluted with 2,000 ce. of DMSO will give 4 litres oi 
stabilate. From this, 1 ce. ls diluted with 999 ce. of PBS, to obtaln 
one litre of vaccine. Theretore, from 1 cc. of stabilate, 500 doses are 
obtained, le. 2,000,000 vaccine doses, from one young calf. Economically, 
one dose would cost a ridiculously low sumo 

In the case of B. bigemina and B. argentina it was found that a 
dilution of 10_' produced a good grade of protection, utilizing 4 cC. 
of this stabilate containing 10 8 B. bigemina organisms and 10. B. 
argentina organisms, per inoculant. When blood diluted with B. 
argentina, contalning 10 8 organlsms was used, it became necessary to 
apply treatment to counteract the infectlon although, in the case 01 
B. bigemina with dlluted blood, no treatment was required. 

Field Work 

For theír application in the field, stabílates are removed and kept 
in a amall thermos fiask contaiuing dry Ice, until arriving at the 
ranch where premunition 18 to be practiced. 

A simple fleld kit has been prepared for persons to carry the 
stabilates and dllutants. The kit consista of 2 thermos flasks, one with 
dry ice for the stabilates and one with common ice for the samples 
to be drawn from the animals to be premunized. It also includes tools 
{or handling the animals. 

On the ranch, the stabilates are unfrozen in ordinary hot water, 
a process that requires no more than 5 minutes, and then the dilutants 
corresponding to each organism are preparad, in this case, a dilutant 
of 10-" for A. marglnale and 10_' for B. bigemina and B. argentina. 
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Once the dilutions have been made they are mixed in correct 
quantities which contain 10 7 Anap]asma organisms and 10' oí each 
oí the Babesla organisms. This ls posslble by mixing approximate 
amounts oí each organism which produce a final inoculant containing 
2 cc. of A. tnarginaIe and 4 ce. of each oí the Babesla organisms, for 
a total of 10 ce. of vaccine for intravenous application, per animals. 

This has been a summary oí the premunition program that will 
now be evaIuated, under field conditions, on commereial ranches in 
the Cauea valley. 
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THE TEXAS A&M MONTERIA EXPERIMENTS 

NUMBERED 1, n, III AND IV 

(Ahstraet) 

T. J. Galvin*, L. G. Adams*, Guillermo Mateus** 

The experiments were carried out at the Turipaná Experimental 
Stations of the Colombian Institute for Agriculture (ICA) near 
Monteria on the north coast of Colombia. 

In the first experiment, calves from a "clean" area for Anaplasma 
marginale, Babesia argentina and B. bigemina were introduced into 
the severe endemic challenge found at Turipaná. The groups compared 
were: premunition plus anthelmintics; chemoprophylaxis (imidocarb 
dipropionate) plus antheimintics; anthelmintics alone, and control 
animals. Both premunition and chemoprophylaxis gave important 
degrees oí protection. Following the experience gained of the loglstics 
of this experiment, three further field experiments were designed and 
started, the total sequence being designated Montería l. LI, In, and IV. 

Montería II compared chemoprophylaxis (imidocarb dipropionate), 
chemotherapy (imidocarb dipropionate) and premunitlon for the 
control of hemoparasites in susceptible Normando calves introduced 
from a "clean" arca (Sabana de Bogotá). Montería 111 complemented 
Montería 11 and compared only premunition and chemoprophilaxis in 
a group of susceptible Ho1stein calves. Montería IV was designed to 
determine whether any advantage could be galned from immunizing 
calves born in the highly endemic Turipaná area. The definitive 
reS'ults are being assessed, but in general, the hemoparasite control 
measures resulted in decreased mortality and increased welght gains 
in introduced calves, but were of no economic benefit in calves native 
to a highly endemic area. The conditions included a strict regime of 
control oí gastrointestinal and pulmonary parasites and moderate 
control of external parasites . 

• Institute of Tropical Veterinary Medicine. Texas A&M' Unive-rsity, CoUege Station¡ 
Texas. 

*'" Director, Programa Nacional de Parasitología. Instituto Colombiano Agropecuario 
(lCA), Bogotá. 
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WORKSHOP RECOMMENDATIONS 
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WORKSHOP RECOMMENDATIONS 

Chairman: Dr. Eddo Cafetti 

l. Epizootiological studies of babesiosiz and íts economíc impact 
should be carrled out in every Latín American country usíng the card, 
passive hemagglutinatlon, and fluorescent antibody tests. 

2. Epizootiological studies oi anaplasmosis and its economic impact 
should be carried out in every Latín American country using the card, 
caplllary agglutination, or complement flxation tests. 

3. CIAT should become the center for documentation, terminology, 
and training, for professionals in Latin Amerlea. 

4. There should be an intensificatlon of studies in the methods oi 
control of babeslosis in each Latin American country, using local 
strains for each specles of Babesia. 
5. There should be an intensification of study in the control 01 
anaplasmosiz in each Latin American country, using elther mild or 
attenuated strains. 
6. There should be studies in the distribution and significance of 
vectors ol babesiosis and anaplasmosis, particularly in thelr capacity 
as reservoirs of infection. in each Latin American country. 

7. Information should be gathered on the development oi acaricide 
resiztant ticks in Latin America. The information should be channeled 
through CIAT for diztribution. 
8. There should be be further seminars or workshops on subjects 
raized during the presen t sessions. 
9. There should be a standardization of antígens and antibodies used 
in research on anaplasmosis and babesiosls. 

10. F.A.O. should be asked to assume responsibillty for the formation 
ol a reference bank for the foIlowing antigens and antisera: 

a. Babesia specles B. bigemina 
B. argentina 
B.major 
B. divergens 
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b. Anaplasma specles 

e . TheiIeria species 

A. marginale 
A. centraIe 
Paranaplasma caudatum 
T. parva 
T. annulata 
T. mutans 
T. Iawrence! 

The reference bank should be available to all interested sclentists. 
The mamtenance and distributlon oi items should be through experts 
designated by F.A.O. in each case. 

This proposal should be sent by CIAT to Dr. H. A. Jasiorowski, 
Director oi the Divtsion oi Animal Health and Production with a copy 
te Dr. R. B. Grlffiths, Head oi the Health service, both of F.A.O .• 
Rome. 

Addendum 

At the end of the workshop the recommendatlons were sent to all 
delegates asking for any further comment. 

Most delegates who replied accepted them without reservatlon but 
!l. few reminded the organizers oi other suggestlons which dld not 
meet the approval oi the meeting and therefore were not included in 
the final list. 

For completeness, the addit!onal suggestions and commentary are 
summarized as follows: 

1. The Animal Health Group in CIAT should have a strong 
research input partlcularly in relatlon to Innovatlons in vaccination. 

2. Oreater emphasls should be put on the collectlon of field data 
such as: the frequency of clinlcal outbreaks oi babesiosls and 
anaplasmosis; geographical d!stribntlon; specles oi organlsm; the 
number and type oi origln oi cattle involved. and the losses sustained. 
That Is' existing problems must be clearly deflned. 

3. A comparison should be made between the pathogenicity oi the 
two species of Babesia present and also of the different field stralns 
within each species. 

4. The deflnitlon of the role of Boophilus m.lcroplus in the 
transmlsslon of anaplasmosis deserves high research priority. 

5. A recommendation 18 required emphasizlng the importance oí 
basic research on arthropod tlssue culture particularly in relation to 
produetion of future vaccines and stabllates. 

6. The recommendation on acaricide reslstance should refer to 
desirabillty ol collaboratlon with FAO in the establishment of a global 
acaricide reststance monltoring programo 
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