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Anaplasmosis, an infectious disease of cattle, is 
recognized in both the acute and chronic form. 
The acute disease is most easily recognized, having 
a characteristic clinical syndrome which may lead 
to death in affected animals. For years treatment 
of anaplasmosis implied the use of drugs and 
supportive care of this phase of infection (35). In 
recent years, however, greater attention has been 
given the chronic or carrier phase of infection. The 
disease in this phase does not usually pose a threat 
to the animal's well-being and is usually asympto-
matic, but it does represent a reservoir of infection 
capable of transmission to non-infected animals. 
The elimination of carrier infection has assumed 
importance in those herds where preventive 
measures and disease eradication are feasible (38). 

This review will consider the treatment of 
anaplasmosis in the context of the acute infection 
and the chronic or carrier infection, the first being 
primarily concerned with the interruption of the 
clinical syndrome by reversal of characteristic signs 
of infection, the second being the elimin-.tion of 
the causative organism, Anaplasma marginale, in 
the carrier animal. In recent years greater emphasis 
has been placed on the latter. 

Treatment of Acute Anaplasmosis 

A common pitfall in the evaluation of thera-
peutic agents used for anaplasmosis is the fairly 
large number of spontaneous recoveries which 
might mislead the observer to believe that a 
specific drug or therapeutic procedure was effec-

tive, when in reality recovery would have occurred 
without treatment. A second problem is that often 
the animal with anaplasmosis may go unrecognized 
until the terminal phases of infection, at which 
time even specific therapy is unsuccessful. Early 
treatment is recognized as being important to 
ensure success (9,10). 

Prior to the introduction of the tetracyclines 
and other chemotherapeutic compounds, treat
ment of acute anaplasmosis was limited largely to 
supportive therapy including a variety of 
hematinics, blood transfusions, good nursing, and 
care (35). These procedures were aimed largely 
toward the elimination of stress and alleviation of 
the anemia until such time as the immune 
mechanism and hemopoietic system could ade
quately respond. It would appear that blood 
transfusions could and should play an important 
role in the treatment of acute anaplasmosis 
(12,19,26) but there are conflicting reports (18) 
and sc -.e suggestion of caution in this procedure 
(3,9). There is always a danger in treating 
weakened animals, particularly range cattle when 
the excitement and exertion associated with 
handling and restraining may do more harm than 

the treatment will do good (9). Extensive treat
ment of the semi-wild range animal may be 
contraindicated; whereas, treatment of a docile 
dairy animal may be useful and successful. 

Until the last few years, the only specific 
chemotherapeutic compounds have been the tetra
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cyclines, principally oxytetracyclinea, chlortetra-
cyclineb, and tetracycline hydrochloridec. These 
compounds all appear similar in suppressing the 
reproduction of the Anaplasma organism. Foote 
(13) described this action in 1951, but noted that 
chlortetracycline was not effective when given late 
in the course of infection. The desirability of using 
the tetracy.mlines early in the course of infection 
was noted by others (10,27,28). Carricaburu (9) 
indicated considerable success in :reating naturally 
occurring field cases of anaplasm, :is with 3 mg/lbs. 
oxytetracycline given in"rImuscularly (I/M). 
Brock, et al. (5), descrijed the use of tetracycline 
hydrochloride. In their opinion, when used at the 
rate of 3 mg/lbs. I/M it was essentially equal in 
effect to either oxytetracycline or chlortetra-
cycline. 

The chemoprophylactic effect of feeding low 
levels of the tetracycline drugs has been described 
(7,11,34). It was found that as little as 0.5 mg/lbs. 
fed daily would prevent acute anaplasmois, even 
though exposure to A. marginaledid occur. 

Two new compounds, 356C61d and 4A65e, 
have recently been described as having a specific 
chemotherapeutic effect on Anaplasma 
(2,20,21,22,23,25,30,31,32,33). In premunization 
experiments, Kuttler and Todorovic (24) showed 
356C61 (5 mg/kg) and 4A65 (4 mg/kg) superior to 
oxywtracycline (12 mg/kg) in moderating the 
course of infection in adult cattle intentionally 
exposed to virulent A. marginale. Roby (30) has 
reported that the development of acute anaplas-
mosis in splenectomized calves has been inhibited 
with a single injection of 2.5 mg/kg 4A65. These 
drugs, 356C61 and 4A65, are not available 
commercially and, hence, have not been used 
extensively in cases of acute anaplasmosis but on 
limited experimental work show proinice. 

Treatment of Carier Infections to Eliminate Anaplasma 

Soon after the tetracyclines were observed to 
inhibit growth of Anaplasma, experiments were 
conducted to evaluate these drugs in relation to the 
removal of carrier infections (4,6,14,16,29,31,36). 
These experiments indicated that such therapy 
would eliminate carrier infections, but only after 
the prolonged administration of fairly large 
amounts of these agents. Nevertheless, this signifi-

aOxytetracycline: Terraicin - Chas. Pfizer & Co., Inc. 
bChlortetracycline; Aureomycin - Lederle Laboratories, American 

Cyanimide Co. 
CTetracycline Hydrochloride: t,,yotic - Lederle Laboratories, 


American Cyanimide Co. 

d356C61: Gloxazone - Alpha-Ethoxyethylglyoxal Dithiosemi-


carbazone; Burroughs Welcome Co.
 
e4A65: Imidocarb - 3,3'-Bis-(2-imidazolin-2-yl)-carbanilide 
dihydrochloride (or dipropionate); Burroughs Wellcome Co. 

cant breakthrough stimulated a great deal of 
research on this subject with the evolvement of 
numerous successful treatment regimes which will 
effectively eliminate carrier infections. A list of 
these procedures is given in Tables 1 and 2, which 
under varying conditions have proven successful. 

Carrier status has been eliminated by the I/V or 
I/M injection of 5 mg/lbs. tetracycline 10 times at 
daily intervals (29). The injection of oxytetra
cycline and chlortetracycline is also effective at 12 
to 16 daily injections (36). These drugs are 
relatively non-toxic; however, they do produce 
considerable irritation at the site of I/M injections, 
and if given too rapidly I/V can produce a transient 
mild to moderate respiratory distress. 

The smallest amount of chlortetracycline that 
has proven effective in elimr-ating infection was 
0.5 mg/lbs. orally for a 120-day period (15). This 
treatment was administered during the winter 
season when re-exposure was not occurring. The 
negative status of treated animals was established 
by serologic means. A similar experiment, using 0.5 
mg/lbs. orally for 90 days, conducted during the 
vector season failed to eliminate the Anaplasma; 
however, containment and reduced infectivity level 
was detected (11,34). 

It is probable that oral treatment with low levels 
while effective may be influenced by factors such 
as continued exposure, lack of consumption by 
some animal, or differences in individual animals to 
the extent that 100% results may not always occur. 
For these reasons chlortetracycline levels higher 
than 0.5 mg/lbs. are generally used. A treatment 
consisting of 5 mg/lbs. daily for 30 to 60 days has 
generally been successful (17,31,37). This treat
ment regime gives room for animal variation and 
has provided more consistent removal of carrier 
infections. 

The prolonged periods of treatment are 

frequently in conflict with various management 
practices. This, plus the expense of the drug and 
labor to supervise such a program, has led many 
workers to search for a better system. In 1965, 
Barrett et al. (2) described an alpha dithiosemi
carbazone (356C61) which had specific activity 
against Anaplasma. This dithiosemicarbazone is an 
insoluble powder which is prepared as an aqueous 
suspension. If injected I/V, it may produce a
respiratory distress. When diluted in PSS this can 

be minimized. Several workers have reported the 
apparent value of this drug (8,20,21,22,23,25,32). 
Comparisons between 5 mg/kg 356C61 and 11 
mg/kg oxytetracycine when given I/V to splenec

tomized calves showed 356C61 to be superior 
based on a significantly faster return of packed cell 
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Table 1 
Successful Treatment Procedures for the Elimination of Anaplasma Infection Using the Tetracycline Drugs 

Rate of No. of 
Drug Admin. Route Treatments Interval Reference 

Tetracycline 5 mg/lbs IV or I/M 10 Daily Pearson (29) 
Oxytetracycline 5 mg/lbs I/V or I/M 12-14 Daily Splitter (36) 
Chlortetracycline 15 mg/Ibs I/V 16 Daily Splitter (36) 
Chlortetracycline 1.0 mg/lbs Orally 41 Daily Franklin (16)
Chlortetracycline 2.5 mg/lbs Orally 45 Daily Franklin (16) 
Chlortetracycline 0.5 mg/lbs Orally 120 Daily Franklin (15)* 
Chlortetracycline 5 mg/lbs Orally 30-60 Daily Franklin (17) 
Chlortetracycine 5 mg/lbs Orally 60 Daily Brock (6) 
Chlortetracycline 2.5 mg/lbs Orally 60 Daily Brock (6) 
Chlortetracycline 1.5 mg/lbs Orally 60 Daily Brock (6) 
Chlortetracycline 5 mg/lbs Orally 45-60 Daily Roby (31) 
Chlortetracycline 5 mg/lbs Orally 30 Daily Twichaus (37) 
*Negative Status Determined by Serologic Prccedures. 

Table 2
 
Use of 4A65, Oxytetracycline, and 356C61 to Eliminate Anaplasma Infection
 

Rate of 
Drug Admin. Route 

Oxytetracycine* 11 mg/kg I/V 

356C61 5 mg/kg 

4A65* 5 mg/kg I/M or S/C 

4A65* 2 mg/kg I/M or S/C 
356C61 5 mg/kg 

4A65 (1) 5 mg/kg I/M or S/C 
*Splenectomized calves used 
(1) Adult cattle used 

volumes to normal following treatment (23). The 
injection of 356C61 10 times at the level of 5 
mg/kg produced a fatal toxicosis in six of seven 
animals (1). Deaths occurred as early as one day 
and as late as 41 days after the last of 10 
injections. Clinically, the animals showed chronic 
typanites, rumen atony, and depression before 
dying. Animals were treated symptomatically with 
ruminatorics and laxatives but failed to respond. 
Relief of bloat by trocharization or the passage of 
a stomach tube was only transitory. 

Other attempts to eliminate the Anaplasma 
infection in carriers were made using 356C61. The 
injection of 5 mg/kg five times at 24-hour intervals 
was unsuccessful (23). The injection of 356C61 at 
the rate of 5 mg/kg three times at two-day 
intervals, four times over a two-week period at 
three- and four-day intervals, three times at weekly 
intervals, and three times at two-week intervals 
were all unsuccessful. 

The addition of oxytetracycline to 356C61, 
giving both drugs simultaneously, was consistently 
successful in Anaplasma infected splenectomized 
calves not previously treated (20,21,22). Oxytetra-
cycline (11 mg/kg) was combined with 356C61 (5 
mg/kg), both drugs being diluted in 150 ml sterile 

No. of 
Treatmei.ts Interval Reference 

3 24 or 48 Kuttler 

hours (20,21,22) 

3 Daily Kuttler (21) 

3 Daily Kuttler (21) 

2 14 Days Roby (33) 

saline and then injected I/V. Three treatments at 
either 24- or 48-hour intervals were successful. At 
72-hour intervals, only two of three responded 
favorably. 

Imidocarb (4A65), a white, readily soluble 
powder, originally recognized for its babesiacidal 
activities, has also shown promise for use in 
anaplasmosis (21,30,33). Imidocarb given at the 
rate of 4, 5, and 6 mg/kg on three successive days 
has successfully eliminated the A naplasma carrier 
status in splenectomized calves (21). The addition 
of 356C61 to 4A65 appears compatible and was 
effective in eliminating Anaplasma with reduced 
dose rates of 4A65 (21). The use of 2 mg/kg 4A65 
when given together with 5 mg/kg 356C61 three 
times at 24-hour intervals was effective. In this 
instance, 4A65 was administered I/M and the 
356C61 I/V. The reverse dosage consisting of 5 
mg/kg 4A65 and 2 mg/kg 356C61 was also 
effective when administered as described. Unpub
lished evidence is available that the carrier status of 
splenectomized calves may be terminated with as 
little as 2 mg/kg of each 4A65 and 356C61 given 
tli-.e times at 24-hour intervals. 

A total of 15 mg/kg 4A65 when given over a 
thiee-day period was effective, but 15 mg/kg 4A65 
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given in one injection was ineffective in eliminating 
the carrier state (21). A single injection of 4 and 6 
mg/kg 4A65 combined with 15 mg/kg 356C61 was 
also ineffective, 

The apparent synergistic or at least additive 
effect of oxytetracycline and 356C61 prompted 
the author to try combining oxytetracycline and 
4A65. Every such trial was unsuccessful. 

More recently Roby and Mazzola have described 

the use of 4A65 at the level of 5 mg/kg in adult 
carrier cattle (33). A single injection was inef-

fective in eliminating the carrier status, but two 

injections of the same amount at two-week 
intervals was successful in eliminating infection in 
all five cattle so treated. They used both the 

dihydrochloride and the dipropionate salts suc-
cessfully. Both salts had identical effects on the 
parasites; however, the dipropionate was less 

esite of inoculation.irritating at the sSubsequent 
Imidocarb at 5 mg/kg can be given safely either 

S/C or I/M. As little as 3 mg/kg given I/V may 
produce immediate respiratory collapse and death. 
A more likely response is labored breathing, 
excessive salivation, and lacrimation. These same 
signs often follow the S/C or I/M injection, but 
always much milder. In no instance has a fatal 
response occurred immediately after the S/C or 

I/M injection of 5 mg/kg. There appears to be 
considerable individual variation in tolerance to 
4A65. On one occasion the S/C injection of calves 

with 15 mg/kg produced nothing more than 
transitory discomfort; whereas, on another 
occasion the S/C injection of 10 mg/kg was 

followed by death two days following the injec-
tion. 

The toxicity of 4A65 while known to exist is 

still poorly understood. There have been uncon-
firmed reports of delayed signs of toxicity
characterized by edema, lacrimation, depression, 

and death sometimes associated with elevated 
blood urea nitrogen and serum glutamic oxalacetic 
transaminase values. These signs have been seen 

three to five weeks after drug inoculation. These 
observations are limited and may or may not be 
drug related. Work is in progress to further 
exanmine this. 


The discovery of these two new drugs represents 
a significant step forward in the treatment of 

anaplasmosis. When and if they become available 
commercially, they may provide a more practical
approach for the elimination of carrier infection 


and eradication of anaplasmosis. 
The possibility of combined drug therapy with 

minimize thereduced dose rates would further 
hazards of toxicity. More work is needed to 

explore other treatment programs. 
There are several large-scale field trials using 

4A65 presently underway. Analysis of these results 
will undoubtedly contribute to our better under
standing of the potential of drug therapy in an 
eradication program. 

References 

1.Adams, L. G. and Kuttler, K. L.: Toxicity of Alpha
-Ethoxyethylglyoxal Dithiosemi.arbazone in Cattle. Am. J.Vet. 
Res., 31, (1970): 1493-1495. - 2. Barrett, P.A., Beveridge, E., 

L.,Bradley, P. L., Brown, C. G. D., Bushley, S. R. M., Clarke, M. 

R. A., Smith, R. and Wilde, J.K. H.: Biological Activities ofN,.al, 

Some Alpha-Dithiosemicarbazones. Nature, 206, (1965):
 
1340-1341. - 3. Brock, W. E.: Anaplasmosis Control and 

Treatment. Oklahoma Vet., 6, (1959): 8-11. - 4. Brock, W. E., 

Pearson, C. C. and Kliewer, 1. 0.: High-Level Aureimycin Dosage in 

Anaplasmosis. Am. J. Vet. Res., 14, (1953): 510-513. - 5. Brock, 
W.E., Pearson, C. C. and Kliewer, i. 0.: An Experiment in the 

Treatment of Acute Anaplasmosis with Tetracycline Hydrochloride. 
North Am. Vet., 36, (1955): 547-550. - 6. Brock, W. E., Pearson, 

C. C. and Kliewer, 1. 0.: Anaplasmosis Control by Test and 
Treatment with Chlortetracycline. Proc. 62nd Ann. 

Mtg. U.S. Lvstk. San. Assoc., Miami Beach, Florida (Nov. 1958): 

66-70. - 7. Brock, W. E., Pearson, C. C., Staley, E. E. and Kliewer, 
1. 0.: The Prevention of Anaplasmosis by Feeding Chlortetracycline. 
J.A.V.M.A., 130, (1957): 445446. - 8. Brown, C. G. D., Wilde, J. 

K. H.and Berger, I.: Chemotherapy of Experimental Dithiosemi-
Brit.carbazone (alpha-cthoxyethylglyoxal dithiosemicarbazoaie). 

Vet. J.,124, (1968): 325-334. - 9. Carricaburu, J.B.: Observations 
on the Use of Terramycin in Clinical Anaplasmosis. California Vet., 
9, (1956): 24-25, 43. - 10. Christensen, J.F. and larrold, J.B.: 

Inhibition of Anaplasma marginale Infection in Cattle with 
Oxytetracycline Hydrochloride. Proc. 60th Ann. Mtg. U.S. Lvstk. 
San. Assoc., Chicago, Illinois (Nov. 1956): 69-76. - 11. Collins, J. 

C., Scales, J.W., Hoffman, R. A. and Roberts, R. H.: The Control of 
Anaplasmosis by Aureomycin Feeding. Miss. State Univ., Agric. 
Exp., State Information Sheet 765, 1962. - 12. Dykstra, R. R., 
Roderick, L. M., Farley, H., McMahon, V. K. and Splitter, E. J.: 

Studies in Anaplasmosis. 11.(1938-1948). Kansas Agric. Exp. Sta. 
Tech. Bull., 66, (1948): 1-24. - 13. Foote, L. E., Farley, H. and 
Gallagher, B.: The Use of Aureomycin in Anaplasmosis. North Am. 
Vet., 32, (1951): 547-549. - 14. Foote, L. E. and Wulf, U.: 

NorthAnaplasmosis Carrier Infection Destroyed with Aureomycin. 

Am. Vet., 33, (1952): 406-408. - 15. Franklin, T. E., Cook, R. W. 
and Anderson, D. J.:Feeding Chlortetracycline to Range Cattle to 
Eliminate the Carrier State of Anaplasmosis. Proc. 70th Ann. Mtg. 

U.S. Lvstk. San. Assoc., Buffalo, New York (Oct. 1966): 85-90. 
16. Franklir. T. E., Cook, R. W., Anderson, D. J. and Kuttler, K. L.: 
Medium and Low Level Feeding of Chlortetracycline With 
Comparison to Anaplasmosis CF and CA Tests. Southwestern Vet., 

20, (1967): 101-104. - 17. Franklin, T. E., Huff, J. W. and 

Grumbles, L. C.: Chlortetracycline for Elimination of Anaplasmosis 
in Carrier Cattle. J.A.V.M.A., 1 .7, (1965): 353-356. - 18. Franklin, 
T. E. and Schmidt, H.: 'Yi'olc Blood in the Treatment of 

Anaplasmosis. Southwestern Niet., 8, (1954): 4243. - 19. Koger, L. 

M.: Blood Transfusion in Cattle Under Range Conditions. Proc. 91st 
Ann. Mtg. Am. Vet. Med. Assoc., Seattle, Washington (Aug. 1954): 
377. - 20. Kuttler, K. L.: Efficacy of Oxytetracycline and a 

Dithiosemicarbazone in the Treatment of Bovine Anaplasmosis. Am. 
J.Vet. Res., 32, (1971): 1349-1352. - 21. Kuttler, K. L.: Promising 
Therapeutic Agents for the Elimination of Anaplasma marginale in 

the Carrier Animal. Proc. 75th Ann. Mtg. U.S. Anim. Hlth. Assoc., 

Oklahoma City, Okkahoma (Oct. 1971): 92-98. - 22. Kuttler, K. 
L.: Combined Treatment With a Dithiosemicarbazone and Oxy

margMinale Infections intetracycline to Eliminate Anaplasma 

Splenectomized Calves. Res. Vet. Sci., 13, (1972): 536-539. - 23. 

Kuttler, K. L. and Adams, L. G.: Comparative Efficacy of 

Oxytetracycline and a Dithiosemicarbazone in Eliminating Ana
plasma marginale Infection in Splenectomized Calves. Res. Vet. ScL, 
11, (1970): 330-342. - 24. Kuttler, K. L. and Todorovi., R. A.: 

96 



Techniques of Premunization for the Control of Anaplasmosis. Proc. 
6th Nat. Anaplasmosis Conf., Las Vegas, Nevada (March 1973). 
25. Kuttler, K. L. and Zaraza, H.: A Preliminary Evaluation of a 
Dithiosemicarbazone for the Treatment of Anaplasmosis. Res. Vet. 
Lci., 2, (1970): 334-338. - 26. Lotze, J. C.: Blood Transfusions in 
Bovine Anaplasmosis. Am. J. Vet. Res., 8, (1947): 284-288. - 27. 
Miller, J. G.: Indications and Limitations of Antibiotic Therapy in 
Anaplasmosis. Proc. 57th Ann. Mtg. U.S. Lvstk. San. Assoc., 
Atlantic City, New Jersey (Sept. 1953): 88-89. -- 28. Miller, J. G., 
Levy, H. E., Torbert, B. J. and Oglesby, W. T.: The Treatment of 
Anaplasmosis in Louisiana With Aureomycin and Terramycin. 
J.A.V.M.A., 122, (1953): 390-392. - 29. Pearson, C. C., Brock, W. 
E. and Kliewer, I. 0.: A Study of Tetracycline Dosage in Cat'le 
Which are Anaplasmosis Carriers. J.A.V.M.A., 130, (1957): 
290-292. - 30. Roby, T. 0.: The Inhibitory Effect of Imidocarb on 
Experimental Anaplasmosis in Splenectomized Calves. Res. Vet. 
Sci., 13, (1972): 519-522. - 31. Roby, T. 0., Amerault, T. E. and 
McCallon, B. R.: Progress in the Control of Bovine Anaplasmosis. 

Proc. 74th Ann. Mtg. U.S. Anim. Hith. Assoc., Miami, Florida (Nov. 
1970): 122-128. - 32. Roby, T. 0., Amerault, T. E. and Spindler, 
L. A.: The Inhibitory Effects of a Dithiosemicarbazone on Acute 
Infections of Anaplasma marginale. Res. Vet. Sdi., 9, (1968): 
494-499. - 33. Roby, T. 0. and Mazzola, V.: Elimination of the 
Carrier State of Bovine Anaplasmosis With lmidocarb. Am. J. Vet. 
Res., 33, (1972): 1931-1933. - 34. Scales, J. W., Collins, J. C., 
Hoffman, R. A. and Roberts, R. H.: Control of Anaplasmosis by 
Low Level Feeding if Aureomycin During the Vector Season. Proc. 
4th Nat. Anaplasmosis Conf., Reno, Nevada (April 1962): 46-48. 
35. Schmidt, !H.: Anaplasmosis in Cattle. J.A.V.M.A., 90, (1937): 
723-736. - 36. Splitter, E. J. arnd K~iller, J. G.: The Apparent 
Eradication of the Anaplasmosis Carrier State With Antibiotics. Vet. 
Med., 48, (1953): 486488. - 37. Twiehaus, M. J.: Control of 
Anaplasmosis by Feeding An Antibiotic (Aureomycin). Proc. 4th 
Nat. Anaplasmosis Conf., Reno, Nevada (April 1962): 4849. - 38. 
Wheeler, F. B.: Anaplasmosis Eradication. Proc. 5th Nat. Anaplas
mosis Conf., Stillwater, Oklahoma (Feb. 1968): 1-3. 




