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COMPARATIVE EFFICACY OF DIFFERENT
IMMUNIZATION SYSTEMS AGAINST ANAPLASMOSIS

H. ZArAZA® and K. L. KutTLER?

SUMMARY

Animal response to anaplasmosis vaccination was meacurcd using an attenu-
ated organism, a killed adjuvant vaccine, and a virulent Anaplasma margina'e. A
total of 7 calves (2-4 months of age) and § heifcrs (18 months of age) reccived
the attenuated organism; 8 calves were given the adjuvant vaccire; 7 calves were
premunized with virulent A. marginale; and 7 calves remaincd as non-vaccinated
controls. The animals were vaccinated at Tibaitata on the Bogota Savannah, and
later moved to the north coast of Colombia, an anaplasmosis cnzootic arca.

All vaccination methods produced positive 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 ficld challenge was obscrved in all calves premunized with
virulent organism, and in two of five heifers premunized with the attcnuated
organism. All other vaccinated animals developed anaplasmosis which was
cqually as scvere as scen in the non-vaccinated controls.

INTRODUCTION

Previous studics, as well as personal communication with veterinary clinicians
confirm the presence of large anaplasmosis cnzootic arcas in Colombia. A preliminary
survey (Kuttler, Adams & Zaraza, 1969) suggested that ranching arcas less than
1,524 m clevation should generally be classificd as anaplasmosis cnzootic zones.
Anaplasmosis is recognized as a scrious clinical problem among previously clean
cattle introduced into these arcas. The extent of losses in native cattle is not fully
known but is probably si_nificant.

Mott & Gates (1948) showed that some resistance to anaplasmosis was pro-
duced by antigens obtained from who!c blood infected with Anaplasma marginale.
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 spaccd at 4 to 6 week intervals gave sufficient protection to warrant
commercial production.

Ristic, Sibinovic & Welter (1968) and Welter & Woods (1968) dcescribed an
attcnuated Anaplasma which would produce a mild reaction in susccptible animals,
rendering them immunc to future A. marginale cxposurc. This vaccine is somewhat
similar to prcmunization work donc by Schmidt (1947) cxcept that an attcnuated
organism is uscd to replace the virulent 4. marginale,

Thic study compares the safcty and cfficacy of thesc immunologic approaches
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when animals are vaccinated on the Bogota Savannah (altitude 2,600 m) and later
moved to Turipana on the north cost of Colombia (altitude 13 m), an anaplasmosis

cnzootic arca.

MATERIALS AND METHODS

A total of 29 Holstein Friesian calves, 2-¢ months of age were divided into four groups,
Aan additional group of five 18 month oll Holstzin Fricsian heifers were used.

Group 1 consisted of 7 calves. On day 0 they were injected subeutancously with 5 ml
of attcnuated A. margincle vaccine®. Group I-A, consisting of five 16 month old hcifers,
were injccted subcutancously on day 0 with 5 ml of the attenuated A. marginale vacgine.

Group 11 consisted of 8 calves. On day 0 and 28 they were injected with 2 ml of the
reconstituted adjuvant vaccinct, Group 11 consisted of 7 calves. On day 0 they were
injected with 2 ml wholc blood from a splencctomized calf carrying a fully virulent A,
marginale infcction. The donor calf while having fewer than 0-1 per cent parasitized cells
was showing a 1:40 araplasmosis complement-fixation titre. The 7 calvas of Group 1V
recmained as non-vaccinated controls.

All animals were bled twice weekly from day 0, date of vaccination, until day 74 when
they were transported by air to Turipana. During this time packed cclf volume (PCV)
dctermination, anaplasmosis complement-fixation (CF) tests, and Giemsa-stained blood
smears were cxamincd, 1o monitor animal responsc to the immunologic proccdures per-
formed.

Ths same obscrvations were made twice weekly following arrival at Turipana for the
next 150 days. Onc animal died of undctermincd causes at Bogota and scveral others of
babesiosis following arrival at Turipana. Obscrvations at Turipana were therefore limited
to 5 calves in Group J, SinI-A, Sin 11,4 in 11, and 6 in 1V,

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

RESULTS

Animal responsc to vaccination is tabulated and compared to non-vaccinated
controls in Table 1. Prior to vaccination PCV values were essentially the same for
all groups. Among Group ! only 5 of 7 calves responded with cvidence of Anaplasma
infection. All animals of Groups 1-A and I1f showed cvidence of infection as antici-
pated. The incubation time in those animals recciving and responding to the live
vaccincs was 45 days in Group I, 28 days in Group I-A, and 20 days in Group 111,
The 45 day incubation secn in Group I was significantly greater than the others.
The average low PCV occurring during a 74 day period following vaccination was
significantly lowcr in Group II. A marked CF response was observed in all animals
in the vaccinatca groups with the exception of 2 calves in Group 1. Group I (five
calves) had an average maximum titre of 1:61, I-A 1:970, 11 1:110, and 11 1:177.
The CF titre occurring in Group [-A was significantly higher than scenin Groups 1, 11
and III, although no other significant differences were detected. Parasitacmias,
however, were gencrally very low in all groups. Group I showed an average maximum
parasitacmia of only 0-32 per cent among the five animals responding to the
attcnuated organism.

¢ An attcnuated A. marglnale vaccine—Diamond Laboratorics, Des Molncs, Towa, The vaccine
was hand-carricd in dry icc from Mexico City and used the day of arrival in Bogota,
t *Anaplaz”—Fort Dodgo Laboratorics, Ft. Dodge, Iowa.



IMMUNIZATION SYSTEMS AGAINST ANAPLASMOSIS 79

Taos I _
Response to Anaplasma Vacclnes (Tibaltata)
Groups .-
I I-A 1l Rl 1v Significance
Number of animals 7 s 8 7 7
Number of animals responding
to live agents S — 7 —_
Avcrage pre-vaccination PCV kY 37 35 36 37 NS
Avcrage incubation time in days 45 28 —_ 20 —_ P<0-0!
DRS = 160
Aserage low PCV during the 74-
day period st Tubaitata 28° 27 28 28 28 P<0:0!
DRS = 3-0
Average high CF titre 1:61¢ 1:970¢ 1:110 1:177 —_ P<0-0!
High parastacmia 0-32° 1-12 — 118 —_ NS

Group 1—2—4 month old calves vaccinated with an attenuated A. marginale.

Group I-A—18 month old hcifers vaccinated with an attenuated A. smarginale (Dlamond
Laboratorics).

Group 11—2~1 month old calves vaccinated with a killed adjuvant vaccine (Anaplaz, Ft. Dodge).

Group HT1—2-< month old calves premuniscd with virulent Anaplasma,

Group 1V—2-< month cld calves, non-vaccinated controls,

DRS—Diference required for significance.

® Calculated only for those five calves snowing a response to vaccination,

t The titre 1:970 was significantly higher than all others but differences among groups I, IT and
III were not significent,

Taoee IT
Response of vaccinated and non-vacelnated cattle to naturally occurring field challenge
at Turipana
Groups
I I-A I )1 v Significance
Number of anlmals 5 5 s 4 6
Average P'CV before arcival at

Tuapana NY% MY 2y Y Y NS
Numbcr of animals showing

cvidence of challenge infection 5 k] s 0 6
Avcrape time, in days, required

for low (Anaplasma induccd)

PCV 76 63 78 0 74 NS
Average low PCV 15, 1%  12% 18% . 13% P < 0-05°*
Average CF titre before arrival :

at Turipana 1:5 1:80 1:5 1:80 0 P<00!-
Average impgh CF titre after

arcival At Turipana 1:640 1:422 1:1100 1:190 1:806 P <O0:05t
Decaths attributed to anaplasmosis 0 0 { 0 0
Avcrage weight gun (hg) 150 days

after arrival ot Turipana 26 NT 27 34 16 NS

Group [—Calves previously vaccinated with the attenuated organism,

Group I-A—18 month old heifcrs previously vaccinated with the attcnuated organism.

Group 11—Calves vaccinated with killed adjuvant vaccine (“Anaplaz™).

Group [H—Calves premunised with virulent A. marginale,

Graup 1V-- Non.vaccinated controls,

¢ The averape low PCV in Group HI although not duo to anaplasmesis was 18 per cent, This
\dnas slggiﬁcanlly higher than scen In Groups 11, IV and I-A. No olher significant differcnces wero

ctecicd,

1 Group II1 titres wero significantly Jower than titres in Groups II and IV.

NT—Not tcsted. .

NS—Not significant.
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The responses of vaccinated and non-vaccinated cattle to naturally occurring ficld
challenge at Turipana arc reconded in Tabic M. The average PCV 74 days after
vaccination, but prior to arrival at Turipana was cssentially the same in all groups
notwithstanding the temporary low scen in Group I'l after vaccination. All animals
of Groups 1, 11 and 1V, plus 3 of § in Group I-A, developed signs of anaplasmosis
after arrival at Turipana, as cvidenced by an A. marginale parasitacmia, drop in
PCV, and in increasc in CF titre. No clear cut evidence of anaplasm asis oceurred in
Group 111, Of thosc animals showing signs of anaplasmosis, the time required for a
low PCV to occur after arrival at Turipana was very neariy the same in all groups.
Calves of Group 11 showed significantly highcr PCV during 2 comparable period
of time when compared to rcacting animals of Groups i, I-A, Il and v,

The average CF response of vaccinated animals at the time of movement to
Turipana was highest in Groups I-A and 111, cach beiny 1:80. Groups I and Ii cach
showed an average CF titre of 1:5 at this time. Following natural A. marginale
chalicnge at Turipana an average high CF titre of 1:6+0 occurred in Group 1, 1:422
in Group I-A, 1:1100 in Group 11, 1:190 in Group 1. and 1:806 for Group 1IV.
Group 111 CF titres were significantly lower than titres in Groups I and IV.

Weight guins at the end of a 150 day period at Turipana were highest in Group 111
and lowest in Group IV, but the differences did not reach significance.

DISCUSSION AND CONCLUSIONS

The results of premunition with attenuated vaccine suggest an age variation in
susceptibility which may well affect the success or failurc of this vaccine. The older
heifers developed a markedly higher CF titre, and higher average parasitacmia in a
shorter period of time than did the younger calves following vaccination. in young
calves, the mildncss of this attenuated organisra is a morc scvere limiting factor to
its usc than the hazards from over reactions. Among these young calves, inoculated
at Bogota, two of scven failed to show any rcaction. Among the remaining five
calves the response was so mild in some animals that the only evidence of infcction
was the development of CF titres, and these for the most part were low. It is qucstion-
able if a persistent A. marginale carricr status was actually achieved in all instances
following inoculation with the attenuated organism. The older hcifers, vaccinated
with the attenuated organism showed cvidence of active infection as demonstrated
by the appcarance of a parasitacmia, a high CF response, and in most instances a
slight drop in PCV. :

Premunition with a supposcdly virulent A. marginale at Bogota and in young
calves produced a surprisingly mild responsc. The responsc was sufficient, however,
to clearly identify the premunizing infectior.

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

Following arrival at Turipana difficultics were encountered with Babesia, resulting
in somec dcatn losscs. The surviving animals were obscived for a 150 day period
during which timc A. marginale challenge occurred. Table JI reports only those
animals surviving the initial Babesia challenge. As reported previously (Kuttler e al.,
1968), an uncxplaincd rcduction in PCV occurred in all animals following arrival
at Turipana, which did not rcturn to pre-Turipana norms cven aftcr apparent recovery
from Babesla and Anaplasma infecticns,

No cvidence of protection was detected as a result of vaccination with the adjuvant



INMMUNIZATION SYSTEMS AGAINST ANAPLASMOSIS 81

vaccine. The only dcath loss that could be attributed primarily to anaplasmosis
occurred in this group.

Young calves recciving an attenuated vaccine were susceptible to naturally
occurring ficld Anaplasina challenge. Al five developed cvidence of anaplasmnsis,
The average low PCV resulting from anaplasmosis was 15 per cent as compared to
13 per cent in the controls, but this difference was not statistically sisnificant. The
susceptibility to Anaplasima might have been expected in these youny calves, since
their response to the attenuated vaccination had been minimal. On the other hand
the five older heifers gave a good resporsc to the vaccinating inocuium, and three
of this number developed marked cvidence of anaplasmosis as the result of natural
challenge. In view of 100 per cent infection occurring in Groups [, IT and 1V it would
appear that vaccination in the older animals was at least partially cffective, Pre-
munition with virulent A. marginale in young calves, cven though characteriscd by
mild initial responsc was suflicicnt 10 prevent anaplasmosis.

In all groups a marked inercase in CF titres occurred, after arrival at Turipana,
probably reflecting an cxposurc to A. marginale via naturally occurring veetors, It
is suspccted that in some instances these natural challenges become extremely heavy,
and while not overwhelming the premunized animals were capable of stimulating
antibody responsc.

Theoretically, calves infccted with the attenuated organism should follow a
pattern similar to those premunized with virulent organisms, but this did not occur.
The inoculum may not have been sufficiently virulent to induce a persistent infection
in the normally resistant calf. A sccond possible cxplanation is that antigenic varia-
tions are present in the causative organism at Turipana oa the north coast of
Colombia. II" adequate infections can be induced, with the attenuated organism, a
degree of protection should occur cven though antigenic variants are present. This
type respor . occurs with A. centrale in Africa, which produces a partial protcction
characteriscd by milder, lcss scvere reactions to virulent A. marginale challenge
(Kuttler, 1967).

These results while inconclusive with regards to the attcnuated organism as a
vaccine, do show the valuc of premunition with virulent A. marginale, The killed
adjuvant vaccinc was not cffective, .
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Eflicacite comparée de differcntes méthodes d'inrmunisation contre "anaplasmose.

Résumé—La réponsc A la vaccination contre I"anaplasmosc, utilisant un organisme atténués
un vaccin tué contcnant des adjuvants ct des Anaplasma marginale virvlents, a €té évalué,
Au total 7 veaux (igés de 2 X 4 mois) ct S génisses (agés de 18 mois) ont requ 'organisme
atténué; 8 veaux ont regu lo vaccin avec adjuvants; 7 veaux ont été prémunis avee I'A.
marginale virulent; ct 7 veaux non-vaccinés, ont scrvi dec témoins. Les animaux ont été
vaccinés 3 Tibaitata sur la savanc dc Bogota, ct ont ¢1é transportés par 1a suitc sur la cbte
nord cc la Colombic, région ot l'anaplasmosc cst cnzootique. Toutes les méthodes de
vaccination ont produit des réactions positives de fixation du compicément. Les organismes
vivants ont lc plus souvent causé unc faible parasitémic, bicn que le germe atténué ait été
particuli¢rement bénin pour les animaux les plus jeuncs.

Unc protection contre épreuve naturclle A €té obscrvéc chez tous les veaux prémunis
avee des organismes virulents, ct chez 2 génisses sur 5 prémunics avee 'organisme atténué,
Tous les autres animaux vaccinds ont contracté unc anaplasmose aussi sévére que celle
obscrvée chez les témoins non-vaccinds.

Sumario—La respucsta de Jos animales a la vacuna contra anaplasmosis s¢ midié usando
organismos atcnuados, vacuna adyuvantc muerta y una cepa virulenta dc Awaplasina
marginale. Un total de 7 terncros (2-4 mescs de cdad) y S novillas (18 mceses de cdad)
recibicron Anaplasma atcnuado; 8 terneros recibicron vacuna mucrta; 7 terncros fucron
premunizados con A. marginase virulento; 7 terneros no vacunados sc usaron como controlcs,
Los animalcs s¢ vacunaron cn Tibaitatd, localizado ¢ la Sabana de Bogotd y mis tarde
s¢ llevaron a la Costa Norte de Colombia, la cual ¢s un drca cnzotica de anaplasmosis.

Todos los métodos de vacunacién usados produjeron resultados positivos a la fijacién
del complemento (CF).

Los grupos de animales que recibicron organismos vivos resultaron con baja parasitemia
en muchos casos, aunquc los animales quc recibicron anaplasma atcnuado, la parasitemia
resultd particularmente moderada especialmente cn los animales mds jévenes.

La proteccidn a la infeecidn natural fuc obscrvada en todos los animales premunizados
con organismos virulentos, y en 2 de las 5 temceras premunizadas con organismo atcnuado.
Los demis animales vacunados desarrollaron anaplasmosis, la cual fue tan severa como la
obscrvada en los animales del grupo control,
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