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COMPARATIVE EFFICACY OF DIFFERENT 

IMMUNIZATION SYSTEMS AGAINST ANAPLASMOSIS 

H. ZARAZA* and K. L. KurrLEt 

SUMMARY 

Animal response to anaplasmosis vaccination was mcasurcd using an attenu
ated organism, a killed adjuvant vaccine, and a virulent Anaplasma inarginac.A 
total of 7 calvcs (2-4 months of agc) and 5 hcifcrs (18 months of age) rcceived 
thc attenuated organism; 8calves wcre given the adjuvant vaccir.e; 7 calves were 
prcmunized with virulent A.marginalc; and 7 calves remained as non-vaccinatcd 
controls. The animals were vaccinated at Tibaitata on the Bogota Savannah, and 
later moved to the north coast of Colombia, an anaplasmosis cnzootic area. 

All vaccination methods produced positivc CF results. The live agents resulted 
in low parasitacmias in most instances, although the attenuated organism was 
particularly mild in the younger animals. 

Protection from field challenge was observed in all calves prcmunizcd with 
virulent organism, and in two of five heifers prcmunized with the attenuated 
organism. All other vaccinated animals developed anaplasmosis which was 
equally as severe as seen in the non-vaccinatcd contro!s. 

INTRODUCTION 

Prcvious studies, as wcll as personal communication with veterinary clinicians 
confirm the presence of large anaplasmosis cnzootic areas in Colombia. A preliminary 
survey (Kuttlcr, Adams & Zaraza, 1969) suggestcd that ranching areas lcss than 
1,524 m elevation should generally be classified as anaplasmosis cnzootic zones. 
Anaplasmosis is recognized as a serious clinical problem among previously clean 
cattle introduced into these areas. The extent of losses in native cattle is not fully 
known but is probably sinificant. 

Mott & Gates (1948) showed that some resistance to anaplasmosis was pro
duccd by antigens obtained from who!e blood infected with Anaplasina inarginale. 
Kuttler (1961) described a significant degree of protection using oil adjuvants with 
similar antigens. Brock (1965) described a similar vaccine which when given in two 
inoculations spaced at 4 to 6 week intervals gave sufficient protection to warrant 
commercial production. 

Ristic, Sibinovic & Welter (1968) and Welter & Woods (1968) described an 
attenuated Anaplasma which would produce a mild reaction in susceptible animals, 
rendering them immune to future A. marginalc exposure. This vaccine is somewhat 
similar to prcmunization work done by Schmidt (1947) except that an attenuated 
organism is used to replace the virulent /,. arginalc. 

Thik study compares the safety and cfficacy of these immunologic approaches 

0 Presnt addrc.%%: Laboratorlo Invcsilgactloncs Mcdlcas (Vctcrinarias), Bogota, Colombia. 
Apartado Acrco 7934. 

t Instituto of Tropical Vctcrinary Medicino, Tcxs A. & M. Unlversity, Colica Station, T". 
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when animals arc vaccinated on the Bogota Savannah (altitude 2,600 m) and later 
moved to Turipana oia tile north cost of Colombia (altitude 13 m),an anaplasmosls 
cnzootic area. 

MATERIALS AND METHODS 

A total or 29 Holstcin Friesian calves, 2-4 months of age were divided into four groups. 
An additional group of five 18 month o'l folst: :, Frie;.n hcifrs werc used. 

Group I consistcd of 7 calves. On day 0 they were injctEcd subcutancously with 5 mil 
or attenuated A. narginlevaccine". Group I-A, consisting of fivc 18 month old heifers, 
were injected subcutaneously on day 0 with 5 mil of the attcnuated A. marginalevaccine. 

Group 1I consisted of 8 calvcs. On day 0 and 28 they were injectcd with 2 ml of the 
reconstituted adjuvant vaccinct. Group ]I[ consisted of 7 calvcs. On day 0 thcy were 
injected with 2 ml whole blood from a splcncctomizcd calf carrying a fully virulent A. 
marginalk infection. The dono" calf while having fewer than 0.1 per cent parasitized cells 
was showing a 1:40 ar.aplasmosis complcmcnt-fixation titre. The 7 calvs of Group IV 
remained as non-vaccinatcd controls. 

All animals were bled twice weekly from day 0. date of vaccination, until day 74 when 
they wcre transported by air to Turipana. During this time packc,' cell volume (PCV) 
determination, anaplasmosis complemcnt-fixation (CF) tests, and Giemsa-staincd blood 
smears were examined, to monitor animal response to the immunologic procedures per
formed. 

Th: same observations were made twice weekly following arrival at Turipana for the 
next 150 days. One animal died of undetermined causes at Bogota and several others of 
babcsiosis following arrival at Turipana. Observations at Turipana were thcrcforc limited 
to 5calves in Group I, 5 in I-A, 5 in 11,4 in III, and 6 in IV. 

Thc CF test was performed using the basic technique described by the USDA (1958) 
with serum titrc determined by a micro technique similar to that described by Hidalgo & 
Dimopoullos (1967). An analysis of variance, was performed to detcrmino significant 
differences. A logarithmic transformation was made of the serum dilution factors for 
statistical analysis. 

RESULTS 

Animal response to vaccination is tabulated and compared to non-vaccinated 
controls in Table I. Prior to vaccination PCV values were essentially tile same for 
all groups. Among Group I only 5 of 7 calves responded with cvidcnce of Anaplasnia 
infection. All animals of Groups I-A and IlIshowed evidence of infection as antici
patcd. The incubation time in those animals receiving and responding to the live 
vaccines was 45 days in Group 1,28 days in Group I-A, and 20 days in Group III. 
The 45 day incubation seen in Group I was significantly grcatcr than the others. 
The average low PCV occurring during a 74 day period following vaccination was 
significantly lower in Group Il1. A markcd CF response was observed in all animals 
in the vaccinatca groups with the exception of 2 calves in Group I. Group I (five 
calves) had an average maximum titre of 1:61, I-A 1:970, II 1:110, and III 1:177. 
The CF titre occurring in Group I-A was significantly higher than seen in Groups I, II 
and III, althotigh no other significant differences wcrc dctcctcd. Parasitacmias, 
however, were generally very low in all groups. Group I showed an avcrae maximum 
parasitacinia of only 0"32 per cent among the five animals responding to the 
attenuated organism. 

0 An attenuated A.marghak/vaccine-Diamond Laboratories. Des Moines, Iowa. Tho vAccine 
was handcarricd in dry ice from Mexico City and used the day of arrival InBogota. 

t "Anapla-Fort Dodgo Laboratories, Ft. Dodgo, Iowa. 
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TAaths I 
Response to Anaplasma VaccInes (Tibaltata) 

Number ofanimals 
Number of animals responding 

to liveaCnts 
Acrage prc-vaccination PCV 
Avcrasc incubation time in days 

Avcraigc low PCV during the 74
day period at Tibaitata 

Avcragc higi CF titrc 
Ilirth para',tacmia 

Groups. 

I I-A II 111 IV Significance 

7 5 8 7 7 

5 5 - 7 -
37 37 35 36 37 NS 
45 28 - 20 - P < 0.01 

DRS - 16'0 

290 27 28 25 28 ORSP < 0'01- 3.0 
1:61' 1:970t 1:110 1:177 - P < 0'01 
0"320 112 - 18 - NS 

Group 1-2-4 rnonth old calves vaccinated with an attenuated A. marginale.
Group -A-IS month old hcifcrs vaccinated with an attcnuatcd A. inarginale (Diamond

Laboratoric').
Group 11-2- month old calvcs vaccinatcd with a killed adjuvant vaccine (Anaplaz, Ft. Dodgo).
Group 111-2-4 nor.'.h old calves prcmuniscd with virulent Anoplasma.
Group W\'-2-4 month cId calves, non-vaccinated controls. 
DRS-Diffcrcncc required for significar.cc. 
0 Calculated only for those five calves showing a response to vaccination. 
t The titrc 1:970 was significantly higher than all othcr but differcnces among groups 1,11 ad 

III were not signific"nt. 

TAtE It 
Response ofvaccinated and non-vacclated cattle to naturally occurringfield challe e 

Number of aiinals 
Average l'CV before arrival at 

TumcpannaNumber of inimih showing 
evidcnce of chalicuge infection 

Avcrac time. in days. required
for low (Aoplasia induced) 
PCV 

Acragc :.,,%
I'CV 
Avcrigc CF titrc bcforc arrival 

at Tur.pana 
Avcrage i,.h CF titrc after 

arrival at Turipana 
Dcaths altrihi::cd i anaplasmosis 
Avcr.ic ucig:ht gan (kg) 150 days

nfcr arriv.-. :,tTitripana 

at 71ilpana 

~ I-AGroups 
I I-A 

S 5 5 

Ill 

4 

IV 

6 

Signiflcau 

31% 31% 32% 32Y 32Y NS 

5 3 5 0 6 

76 
15% 

1:5 

63 
11
1 
1:80 

78 
12Y 

1:5 

0 
18% 

1:80 

74 
13 . 

0 

NS 
PP < 0050 

P < 0'01' 

1:640 
0 

1:422 
0 

1:1100 
I 

1:190 
0 

1:806 
0 

P < 0'0St 

26 NT 27 34 16 NS 

Group I-Calvcs previouily vaccinated with the attcnuated organism.
Group I-A-18 month old hcifcrs prcviou.sly vaccinatcd with thc attcnuatcd organism.

Group Il-Calves vaccinated with killed adjuvant vaccine ("Anaplaz").

Group Ili-('ahcs prcmnunikcd with virulent A. marghilc.
 
;rap IV-- Non.vaccinatcd controlk.
 
Thec avcrorc low I'CV inGroup IIInlthough not duo to nnapla,%mosi wnA II per cent. This
 

was .lgnificantly higher than secn In Groups i1. IV and I-A. No other signifiCant diffcrencs wets 
detected.
 

t Group III titrcs wcro significantly lower than tItres In Groups II and IV.
 
NT-Not tcstcd.
 
NS-Not significant.
 

http:significar.cc


80 II. ZARAZA AND K. L. KU7TLER 

The responses of vaccinated and non-vaccinatcd cattle to naturally occurring field 
challengc at Turipana arc recorded in Tah;c II. 'rh avcragc PCV 74 days after 

same in all groupsvaccination, but prior to arrival at ruripana was cs,nitidlly the 
notwithstandiiig the temporary low sccn inGroup 1!1 after vaccination. All animals 

Group I-A, developed signs of anaplasmosisof Groups 1, 11 and IV. plus 3 of 5itL 
after arrival at Turipana, as evidenccd by an A. marginak parasitacnia, drop in 
PCV, and in increase in CF tizrc. Nc clear cut evidence of anapasnvsis occurred in 
Group 11. Of thosc animals showing signs of anaplasmosis, the timc rcquircd for a 
low PCV to occur after arrival at Turipana was very rcarly the same in all groups. 
Calves of Group III showcd significantly higher PCV during a comparable period 
of time when compared to rcacting animals of Groups 1, I-A, II and IV. 

The average CF response of vaccinated animals at thc tine of movcmcnt to 
Turipana was highest in Groups I-A and II, each bcin., 1:80. Groups I and 11 each 

average CF titrc of 1:5 at this time. Following natural ,.niarginalcshowed an 

challenge at Turipana an avcragc high CF titrc of 1:640 occurred in Group 1, 1:422
 
in Group I-A, 1:1100 in Group II,1:190 in Group II. and 1:806 for Group IV.
 
Group IllI significantly lower than titres in Groups II and IV.
CF titrcs werc 

Weight gains at the end ofa 150 day period at Turipana wcrc highest in Group Ill 
and lowest in Group IV, but the differences did not reach significance. 

DISCUSSION AND CONCLUSIONS 

The results of prcmunition with attenuated vaccine suggest an age variation in 
susceptibility which may well affcct the success or failure of this vaccine. The older 
heifers developed a markedly higher CF titrc, and higher average parasitacmia in a 
shorter period of time than did the younger calves following vaccination, in young 
calves, the mildness of this attenuated organisrn is a more severe limiting factor to 
its use than the hazards from over reactions. Among these young calves, inoculated 
at Bogota, two of seven failed to show any reaction. Among the remaining five 
calves the response was so mild in some animals that the only evidence of infection 
was the development of CF titres, and these for the most part were low. It is question
able if a persistent A. marginol carrier status was actually achieved in all instances 
following inoculation with the attenuated organism. The older hcifcrs, vaccinated 
with the attenuatecd organism showcd evidence of active infection as demonstrated 
by the appearance of a parasitacmia, a high CF response, and in most instances a 
slight drop in PCV. 

Prcmunition with a supposedly virulent A. marginale at Bogota and in young 
calves produced a Nurprisingly mild response. The response was sufficient, however, 
to clearly identify the prcmuinizing infectior,. 

Vaccination with the killed adjuvant vaccine produced a characteristic low level 
CF response, with no parasitacmia, and no reduction in PCV. 

Following arrival at Turipana difficulties were cncounteecd with Babesia,resulting 
in some deatn losses. The surviving animals were observed for a 150 day period 
during which time A. marginale challenge occurred. Table 11 reports only those 
animals surviving the initial Babcsia challenge. As reported previously (Kuttlcr cl al., 
1968), an unexplained reduction in PCV occurred in all animals following arrival 
at Turipana, which did not return to pre-Turipana norms even after apparent recovery 
from Babcsla and Anaplasina infccticns. 

No evidence ofprotection was detected as aresult of vaccination with tho adjuvant 
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vaccine. The only death loss that could bc attributcd primarily to anaplasmosis 
occurred in this group.

Young calves receiving an attenuated vaccine wcrc susceptible to naturally
occurring field Anallastno challcngc. All five dcvelopcd evidence of anaplasmsis.
The avcrage low PCV resulting from anaplasmosis was 15 per cent os compared to
13 per cent in the controls, but this difference was not statistically si;nilficant. The
susceptibility to Anaplasna might have been cxpected in these young calves, since
their response to the attenuated vaccination had been nlniinal. On the other hand
the five oldcr heifers gave a good response to the vaccinating, inocuium, and threc 
of this number developed marked evidcnce of anaplasmosis as the result of natural
challenge. li view of 100 per cent infection occurring in Group-. 1.I and IV it would 
appear that vaccination in the older animals was at least partially cfective. Prc
munition with virulent A. marginale in young calves, even though charactcrised by
mild initial response was sufficient LO prevent anaplasmosis.

In all groups a marked increase in CF titrcs occurred, after arrival at Turipana,
probably reflecting an exposure to A. marginalc via naturally occurring vectors. It
is suspected that in some instances these natural challenges become extremely heavy,
and while not overwhelming the prcmunized animals were capable of stimulating
antibody response.

Theoretically, calves infected with the attenuated organism should follow apattern similar to those premunizcd with virulent organisms, but this did not occur.
The inoculum may not have been sufficiently virulent to induce,: a p'rsistent infection
in the normally resistant calf. A second possible explanation is that antigenic varia
tions are prcsent inl the Lausative organism at Turipana on the north coast of 
Colombia. If adequate infections can be induced, with the attetuated organism, adegree of protection should occur even though antigcnic variants arc present. This 
type rcspor , occurs with A. centrale in Africa, which produces a partial protection
charactcrised by milder, less severe reactions to virulent A. marginate challenge
(Kuttlcr, 1967).


These results while inconclusive with regards to the attenuated organism as 
avaccine, do show the value of prcmunition with virulent A. inarginac. The killed 
adjuvant vaccine was not effective. 
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Efficacitt coniparkc de diffcrcn!cs m~thodcs d'irrmunisation contrc l'anaplasmosc. 

R .uni-La r~ponsc Ala vaccination contrc I'anaplasmosc. utilisant un organismc att(nuds 
un vaccin tucl contcnant des adjuvants ct dcs Anaplana mnarginale virulcnts, a W dvalu6. 
Au total 7 %eaux (5ges dc 2 ;N4 rnois) ct 5 rnisscs (;igts dc 18 mois) ont rcqu l'organismc 
attnul: 8 N-caux ont rcu Ic vaccin avcc adjuvants; 7 vcaux oant 6:t prdmunis avcc I'A. 
,,arginale virulcnt; ct 7 vcaux non-vaccines, ont scrvi dc t moins. Los animaux ont 6t6 
vaccin s A Tibaitata sur la savanc dc Bogota, ct ont t6 transport~s par la suitc sur la c6te 
nord e.c la Colombic, r~gion oEi l'anaplasmosc cst cnzootiquc. Toutcs los mdthodcs do 
vaccination ont produit dos reactions positivcs do fixation du cornp!mcnt. Los organismes 
vivants oant Ic plus souvcnt caus6 unc faiblc para-sitdmic, bicn quo lo gcrmc attdnu6 ait 6t 
particulircmcnt bWnin pour los animaux Is plus jcunes. 

Unc protection contrc l' prcuve naturclic A t6 obscrv&c chcz tous los vcaux prdmunis 
avcc dcs organismes virulcnts, ct chcz 2 gdnisscs sur 5 prdmunics avcc l'organibmc att6nud. 
Tous lcs autros animaux vaccin6s ont contract6 uno anaplasmoso aussi s6varc quo celle 
obscrvk.c chcz los timoins non-vaccins. 

Suniarlo-La rc.spucsta dc los animalcs a la vacuna contra anaplasmosis so midi6 usando 
organismos atcnuados, vacuna adyuvantc mucrta y una ccpa virulcnta do Anoplaima 
marginale. Un total do 7 tcrncros (2-4 moses dc cdad) y 5 novillas (18 moscs do cdad) 
recibicron Anaplasma atcnuado; 8 tcrncros rccibicron vacuna mucrta; 7 tcrncros fuoron 
prcmunizados con A. iuarginaevirulcnto; 7 tcrnc-os no vacunados so usaron como controles. 
Los animalcs so vacunaron cn Tibiitatii, localizado cr. ]a Sabana do Bogota y mAs tardo 
so Ilcvaron a la Costa Norte do Colombia, la cual Cs un Srca cnzo6tica do anaplasmosis. 

Todos los m6todos dc vacunaci6n usados produjcron rosultados positivos a Ia fijaci6n 
del complcmcnto (CF). 

Los grupos do aninialcs quo rccibicron organismos vivos rcsultaron con baja parasitcmia 
en muchos casos, aunquc los animalcs quo rocibicron anaplasma atcnuado, la parasitemia 
result6 particularmcntc modrada cspccialmcntc on los animalcs mns j6vcncs. 

La protccci6n a ]a infccci6n natural fuc obscrvada cn todos los animaics prcmunizados 
con organismos virulcntos, y cn 2 do las 5 tcrncras prcmunizadas con organismo atcnuado. 
Los dcmis animales vacunados dosarrollaron anaplasmosis, la cual fuc tan scvcra como la 
obscrvada cn los animalcs dcl grupo control. 
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