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J Reprint — Proceedings
Fifth Natlonal Anaplasmosis Conference
Stillwater, Okla. — Feb. 28-29, 1968

Hema’rovlogic and Clinical Response to
Anaplasmosis Vaccines and the
Comparative Efficacy of These " accines,

As Measured by Field and Experimental
Challenge’

K. L. Kuttler, H. Zaraza, E. D. Roberts

The first agent, and certainly the one most widely used to reduce
losses from anaplasmosis, has been Anaplasma centrale. Theiler (11)
as early as 1911, observed that premunition with 4. centrale would
reduce the severity of subsequent 4. marginale infections. A recent
report by Kuttler (6,7) confirms Theiler's original observations, and
reviews the literature concerning the use of 4. centrale by others.

In 1961, Kuttler (5) described a killed adjuvant vaccine against ana-
plasmosis, and showed a significant reduction in the severity of sub-
sequent 4. marginale challenge when compared to non-vaccinated
controls. Brock et al. (2,3) in 1965 described a similar vaccine, using a
lyophilized antigenic base combined with a commercial adjuvant and

* This study was supported by a grant from the Rockefeller Foundation to the
Institute of Tropical Veterinary Medicine, Texas A&M University, The work
was done at the Laboratorio de Investigaciones Médicas Veterinarias, Bogotd,
Colombia with the support and cvoperation of the Instituto Colombiano Agro-

~ pecuario,
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given in 2 injections 16 weeks apart. ‘This vaccine was reported to
give considerably greater protection, but was still limited to reducing
the severity of clinical anaplasmaosis.

The use of virnlent 4. marginale o premumize cantle was deseribed
by Schmidt (9) in 1937, Even though spedific therapentic agents were
not available, his report indicates general success in this effore. Kuttler
(7) reported the use of a mild A margimale isolite 1o premanize splen-
ectomized calves which resulted ina henatologic response comnparable
to that produced by (1. centale. Sulnequent challenge ol these calves
with vitulent A, margimale Laited o esult inany detectable veaction,
suggesting that i aeas where pranunition appears to be the method
of choice, such suains would be prefenied over A centrale.

One purpose of this study was to measure the hematologic response
to premunition with an attenwated L marginale, a virulent A. margi-
nale controlled by dirug therapy, and inocalation with a killed adju-
vant vaccine. In addition, the relative protection afforded by these
procedures was measuted by natural and experimental challenge with
virulent 4. marginale.

MATERIALS AND METHODS

Experiment 3 1:

Twenty, 3 month old Holstein Friesian female calves were divided
into 1 equal groups. Group 1 was vaccinated on day 1 with 5 ml. of an
attenuated A, marginale vaccine.® Group 2 was vaccinated on day |
with 2 ml. of an adjuvant vaccine®®, and again on day 12, Calves ol
group 3 were given 10 ml. whole blood intravenously, on day 1, from
an intact call showing evidence of acute anaplasmosis, Two calves of
group $ were treated with oxytetracycline on day 17 betore any de-
tectable drop in packed cell volume (PCV), using 2.7 mg/kg body
weight intravenously (LV.). The remaining 3 calves were treated with
Compound 356-:C.61*** using 9.0 mg/hg. of body weight LV, on day
24, after a marked drop in PGV had occurred. Al animals of this
group apparently had recovered by day 81, Calves of group 4 remained
as untreated, nonvaccinated, fally susceptible controls,

On day 814 all calves were flown from their native environment, at
about 8500 {1. above sea level, 1o an anaplasmosis endemic area on
the north coast of Colombia at an elevation of less than 600 [t During
the 170 day observation petiod in this sone, no treatment specific for
anaplasmosis wis adiinistered.

Throughout the experiment weekly blood samples were taken,

¢ Obtained ftom Diamond Laboratories, Des Moines, lowa, This product was
shipped frozren and stored at - 10°C for several weeks bofore use,
*¢ Obtained fiom Fo Dodge Taboratmies, bt Dodge, lowa. Available commercially
under the trade same “Anaplas”
00 Obtained from Bunoughs Wellcome & Cao., Tuckahoe, New York,
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Packed cell volume determinations were made on all swumples. In
addition, serum samples were tested for the detection of specific 4.
marginale aniibodies. The capillary tube-agglutination (CA) test was
used (B) for the first R4 days. The complement-fixation test (CF) was
used therealier, setum titrations being conducted on all samples show-
ing 24 10 44 reactions at the 1/5 diluiton. The CF test was conducted
using Unfted States Department of Agriculiure antigen in basically
the manner described by the USDA (1), but emploving a micro-tech-
nique similar to that desaribed by Hidalgo (4).

For comvenience in comparing the relative effects of natural 4.
marginale challenge between groups (Table 1), a day 0 was desig-
nated, based on the low PCV, avsociated with a marked increase in CF
serum titers. Following arival in the endemic sone, the day (0 average
for group 1 was 9% ¢ 20 days, group 2 was 67 <18 dass, and group 4
was 95425 dave. Group 3 failed to show evidence ol reaction to 4,
marginale. 10y 0 was selected for this group on the basis ol an average
of the $ other groups, showing anaplasmaosis, and was 86 days follow
ing arrival in the anaplasmosis endemic rone.

An analwsiv of variance (10) was employed to determine the pres
ence of significant differences in the PCV response of cach group.

Fxperiment # 2:

A otal of 23 adult Aberdeen Angis cows were divided into 4 groups.
Group | received an attenuated A, marginale, group 2 an adjuvant
vaccine, group 3 a vitulent A marginale followed by teatment, and
group 4 a virulent A, marginale but no teatment. For the 4 months
these cattle were under obsenvation and test they were maintained on
pasture at an altitude of approximately R0 fr.

Group 1 comisted of 7 tons with an average age of 19 2% moaths.
These cattle, on day 1, were injected subcutaneaushy with 2 ml of a
300 suspemsion, 1 physiological saline, of washed envthioovtes show.
ing a 87, parasitemia. Thiv inoculum was obtained from a splenec
tomized calf that had been infected 91 dasy previoushy with 20 ml, of
the attenuared A, margimale vaccine desanbed in experiment 21, All
animals were challenged with vinalent A margmale h% days alter e
ceiving the attenuated organivm. Thiv dhuallenge consisted of 1ol
Injected subcutancomly, of a4 0797 suspension i physiological saline
of washed erythrocytes showing a 49 parasitemia,

Group 2 comsisted of 6 cows with an verape ape of 10020 monthy,
Each animal received 2 ml subcutancowsdy of the adjuvant vacdne,
on day 1, and a second similar inoculum 28 davs Later. ML animals
were challenged with vivnlent A4 margimale 27 days alter receiving the
last vaccine inocubm. The diallenge dose wan identical to that used
in group 1,

Group 3 consited of 6 tows with an average age of 16« 24 inonths,
which were not vacdinated, nor infected until day 55, From day 0 to
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day 55 these animals senved as untreated controls for the »se
of comparing the hematologic changes resulting from t'ucmlon,
On day 55 these animals were infected with virulent 4. marginale
using the same inoculum as described for group | challenge. Twenty
five days alter infection all snimsls were reated with the Experimental
Compound 356.C6), Each animal was treated LV, with 5 mg/lg.
of body weight, Treatment in most instances was timed 10 coincide
with early infection as evidenced by either parasitemia or CF response
Following infection and treatment this group (listed in Table 2 as
group HEA), was then compared with other vaccination Eroups 1o
evaluate the relative hemawlogic response,

Group 4 comsisted of § cows with an average age of 79+ 50 months,
which served as unvaccinated controle. Fach animal was infected on
day 55 with virulent 4. marginale using the same level of EXPOsUre as
describied for the challenge of group 1. With | exception these animals
remained untreated, and were allowed 10 undergo the full effects of
anaplasmesis as produced by the challenge Inoculum. The one excep
ton was & cow that could not be sacrificed. which was treated LV
with & mg/bg. of body weight of Compound S56.C61 at a time when
the PCV had reached 199

Mlood samples were taben twice weebly a1 4 and | day Intervals,
Packed cell volumes, parasitemia as determined on giemsa sained
blaod smears, and serum CF respomse were recorded on all samples. A
micro CF technique was used for all tests as described in Experiment
1. Al serum samples showing 24 10 44 positives at the 1/5 serum
dilution were titrated. Al CF titey averages and statistical comparisons
were made on the bash of a logarithmic transformation of the dilution
{actor,

The relative response o vaccination is recorded in Table 2, and the
efhcacy of vaccination when animals were given a bnown challenge s
recorded in Table 3 An analysis of variance as described by Snedecor
(10) was conducted 1o establish the presence ol significant diflerences.

RESULTS

Experiment g 1y

Calves of group | developed a positive CA response in every in-
stance. The first positive orcurred on day 25, and by day 47 all were
penitive. Individual POV, as well as group sverages, remained normal
until alter day 8,

Calves of group 2 alw developed positive CA reactions. This re.
sponse was framsient ocourring in 3 of § calves folloying the first vae
aicmhm. but posltive CA reactions were apparent in all calves
12 days following the second vaccination. These CA reactions per-
sisted in sevums collecied up 1o and beyond day 8. No significant
deviation from the normal PCV occurred until alter day M,
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TABLE 2

Hemasologic Respomee 10 Vienless, Atzemnased and Killed Anaplassss YVacciaes.

GROU? 1 GROUP 1 GROUP I GROUT A PROBABILITY
oF IRROR
Number of animals 7 5 ¢
Average age in months 12 02 *% = 28 “
Average Pre-vaccination POV 38.4 »s »o % b
Averape time in davs
for 1st. CF Pox reaction n 1 ] 20 <
Average time in davs for the
Ist. measurable Parag rmia 192 % ® ns <O
Average high CF titer 1/480 1% o 17658 <
Average high Parasitemia 0697, = G3 L ® 3% <M
Duration. in davs. of
Parasitemnia 17 =3 - - NT™
Low PCV 317 44 82 ns <em
@y
{I)NT = Not tested, but parasitemias were sporadic and persistent cven aftey treatment.
Group I: Vaccinated with Diamond Strain of Attenuated Anaplasma.
Group II: Vacrinated with Fort Dadge adjuvant vacone.
Group III: Unvacinated aontrol.

Group IIIA:  Vactinated with Virulent Anaplasma followed by treatment 25 davs laver.
*421: The difference in tabulated averages required to indicate significance.
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TABLE 3

Hematologie Response In Vaccinated and Unvaccinated Cattle 1o Virulent
A. marginale Challenge

Group | Group 2 Gicup 4*  Piobabllivy

ol grvor

Number of Anlmals 7 5 L

Avg Age in months 2 LEEE R

Avg. Prechallenge FCV 831 S6.4 360 N§

Avg. tiie for CF response

due to challenge No

Inoculum Response 24 da M8 da NS

Avg. time for Parasitemia

due 1o challenge No

Inoculum Response 56 da 208 day NS

High CF titer 1/66 1/1400 1/970 <00

Avg. high Parasitemia D% 13% 2089, <ool™

Time 10 reach low PCV No

alter CF response Response 29 da. 19 da NS

Low PCV (after

challenge) LIE 230 122 <001

Deaths 0 0 |

Group 11 Vaccinated with an attenuated A;:pl_a;u
Group 2 Vaccinated with a killed adjuvant vaccine.
Group 4% Unvaccingted, controls

NS No statistically significant differences oocur
(1) No significant difference between groups 2 and 4
(2): All groups are significantly diflerent

Calves of group § injected with virulent A, marginale developed
evidence of early acute anaplasmosis. All calves were positive 1o the
CA test 21 days alter exposure, Even following treatment these calves
showed an average low PCV of 19.2:46.6, as compared to an average
of 38,0422 for all other calves on the same date. In addition to the
drop in PCV, a significant reduction in weight gain for the B4 day
period was observed in this group. By day 144 the weight gains for
each of the 4 groups were very nearly the same with no significant
differences apparent. On day 84 the PCV average had returned to
309%, but even so was significantly lower than the corresponding PCV
average of group 2, Although lower than the averages of groups | and
4 the differences were not significant,

Calves of group 1 failed to show any evidence of anaplasmosis or
other blood parasites, remaining negative to the CA test, with no
significant alteration from the accepted norsnal PCV, until alter day
84,

Following arrival in the anaplasmosis endemic rone, n marked de
crease in PCV occurred in all groups that could not be attributed
any speci‘ic blood parasitic infection, The average PCV for all anlie~ls
on day 84 was 319, whereas 2 weeks after arrival in the endemic
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wone, on day 98, the average for all animals was 28% and on day 112
was 9L

As the result of field expesure, active cases of ana weie
observed in all animals of groups 1, 2 and 4, as evidenced by marked
increases In OF sevum titers, reductions of POV, and the appearance of
Anaplasma bodies in giemsa sained hlood smcan.

The lﬂilw of each group based on day 0, or the low PCV, s
abulated in Table | for a period of 42 days before and 42 days alier
reaching the low PCV resulting from anaplasmosis. In addition, the
average CF tiwers for each group at each examination, are revorded

Significant differences in PCV occurred at days =7, 0, 47, and 421,
Otherwise, no significance could he detected. In every instance in
volving significant differences, group 3 shownd highes PCV values,

Marked increases in seram CF titers accompanied the ana i
resulting from field challenge. This CF response was greatest in groups
2 and 4. Group 3, while showing some Jight increase in CF virey, did
not a1 any time show the sudden 36 fold incrase w characreristic of
scute anaplasmosis in the other groups. A gradual dedline in serum
CF titers occurred following the peaks assaciated with the low PCV
in all reacting groups

Presunition with a virulent 4, marginale, lollowed by treatment, re
wilted in complete protection 1o field exposure 0 anaplasasunis No
deteciable protection o & field challenge was produced by vaccinating
§ month old calves with elther an adjuvant vaccine of with an at
tenuated 4. marginale

Experiment g &

Cattle of group 1, vaccinated with atenusied A waptgimale, devel
oped evidence of infection on an aversge of 1 days @Y inoculation
a determined by the CF test. A measurable parasitemi, ocoured in
each animal, even though the average high parssitemia was only 0697,
The average low POV was 5179 =33 The CF prapome was (o
pasabile 10 that produced by virulent 4. marginale in group HEA, and
significantly higher than the Cf reponse 1o the adjavant vaie
No olwious evidence of illnes was observed in any of the animals
of this group (Table 2). The challenge resulis of growp | sre penrded
in Table 8. k‘u evidence was seen of any challenge respunee in anismals
of this group for the 64 days they remained uinder codars s ahbeo

Cattle of group 2 gave & prompd but low level respons o the wrvn
CF 1est bollowing vaccination. (n ewry inscance » desectable CF re
s swourred alter the st vacination, which inceased lollowing
the second, As expecied no loummuh o deviation in POV axxurred
with this group, J'l alde ). Challenge with visulent 4. merginale win
followed by evidence of snaplasmosis as determined by parssitemia,
increase in CF serum tiers, and & reduction in POV, '”:gm-
wit significantly less severe than oleened in the wi s [

16
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trols. The average low POV was 297 2 86 A very marked CF sesponse
was the avevage high tiier seaching 11400 The aves
#ge high parasiiemia was 197 =15

Group 3 remained negative and free of am apparest matwral in
fection until day 53 These same anisaly when sapowd 19 virsless
, marginale (Group 1EA) and then vrated, devedoped evidence of
ifen ioin (OF the 3 sathints warsd 1 estaldish ai anajdavonis fesist aint
animal, this procedure was the most severe. A low POV of 213% =42
and an average parsitomia of 857 = 47 developed which was signib
cantly diffcrent from the milder sovgeonse ocouiting wilh the aienusnd
organisn (Table 7). The ¢ of this group i infe ton v, how-
over, signiboantly milder when compared 10 the uaueased controly
(Takbies 2 and 3)

The low POV of 218%, sonwving in anismab gives sinudest 4
marginale then teated, was not siguifcantly diioest from the low
POV of 2307 acnwiving in group 2 which v=<e fow yaxinaed and
then eaponed 10 virulent infection

Cantle of gronp § developed awie ansplosmonis (Tabde ) fodlowing
e pronie b e hallonge inaculuam One desih oisurind as vhe resali
of anaplessnosis and 3 woad would litely hove ourwrred had et
ewd Bl boen adednisered. The svevage incubation tiwme of 248
days b the Biwt CF sesponse and 298 dave b the fuw i woitewmin,
aie suggestine of & saild challenge.

DIMCUSMION

Espuevismenst 3 1

B & med fully wndonsd why calves saninased 3 3 seahs of
age ailed 1o show 1he saime degive of proiection o Beld challonge w
wanht caitle veirimaied with escmtially i some producns snd Loses
ghel e aflibaial dhallonge

The oloiows diflorence i age, the siress of & sl chismate, the
il betvern sacination aed cballenge we all laoss whish
sy b ivelved. 1n e s of stiemuaind vaccine the deley in wse
bgical vevjumnce i the calien (M daye a0 comgiied 40 11 daps in adudi)
ageests & possitde low prosency i e sneterial wend 11 b sl positde
that Babesia indectiom oviwired B o cabies Il ©
booaby psod sosmenis ied onaplavmnimie onowitead sieliasamdt W i
creawe I8 UF tiser vould lad w10 the comdluvion that
wias imalied wherosn e W PLY may have been dee 19 e
Bubysia inbecrion. Care was 1 e e s Daliet aeiings
i by eleervation bor other signe of pirsplesmonis s, 3 bowe
globinuiia and ihe examination of sained baod weeer, bt sl
sindey ihe comditionm presalens witl Bedd ohalloage, e promitalio of
ervor does eaist

O the basie of the rovaiie sbaadinend pivsvusition with sirwlest 4

L
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marginale and tesimey , produiod the oaly siniaciany eule Ne
wgnilicant proiaction /e eaduad by ciher of the 2 vaarination
pragramn when compand o the wen aciasied contiula

B s bimncnns 3 3

Adeli cwiile wamieieed sade dow sepeieen o 1 weaila,
mwma‘mm‘mw.mmm:&m.m
wore prasine Fewdis as e ibe relatie value of billed os live daraus
vod o aisibees
Thie adjonand vaccines apjeared @ snduce the soverity of bt failed

o prevent, infertion by the challenge asganisn. The duistion of the
prtial prokeiiion sordad by i peodicl scsee e Lol L
i ropal sves whete ranamision ey oeow thivughout the yeas
Promuniistion with ithe somapied sacine gare complole prokec
von ia adeli cautle wade the conditions of thew riaks Ia view of
rapeiamesd | iovilin, & guestion e @ o how long infotions with
lz‘;w aiganise (el be maiatained, putiulaty B8 young
CELLE -

b wondd s that promeniiion, lollowed by divg thevapy, an
b sadely wed 10 protet soweptitile aduli caide abawt 1o be e
duied inte an ondemds sone. It B probable, howerer, that sk 2
webad woudd anly te pratical whese caitde are maintiaed wnder
clone seperiiion. ia order o U o the proper e

Bt is appaens, howeser, that sethads do evist b 1he protention of
somrpribie s oitke Bom wowie snsplassnonts The s disisibastion ased
e of veoson, age of cattle, and the cimumstancns under which the
wark e be dose we all farsams 0 be comidered i8 the wleation
o b e Masdisatiom jobon Odude

SUMMARY

Twenty, Jonomihold calves were divided in 4 egqual growpn Gioup
| was ineculsied with an atienusted duoplioma marginale, group 7
docriied wa 4 et ginele adjurast vainine, g:r!“- indesied winh
siradest ot ginals bollimvd by ieacameni g § pevmained a0
wis wiyinated coniiols ANl snisnals wese meved o a8 Ineplicms
eadewnic sone 3 monihs latey and allowed 10 underpn setural feld
ihallenge Firadence of srute aneplasmonis was obwenvad in all calves,
erivpd thave pressanied by virwlont 4 marginale No signifoant evi:
Govee of provestion was prodeced by cither the stenuated 4. margs:
Mwahuwwmfmmwﬁtumwmiﬂum

wols. “he group promunimd with virslest 4. morginale failed
O R T T r—

Hesnaiohogie respomse b dirulent, stiemusind and billed 4 mavgs
sade saicines v sveaied in 18 satuie cattle divided inie 3 groupe
The growp eiving viulest 4. mergiaale was meased 25 days aliey
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infection (Burroughs Wellcome Compound 356.C61), No death losses
occurred in this group, but moderate infections were observed 1o result
In a significant cZduction of PCV, The attenuated A, marginale vac-
cine produced a low level parasitemia, a marked serological response,
as weasured by the complement-fixation test (CF), and a very slight
drap in PCV, which was not significantly different from values ob-
wived in an umvaccinated, non-nfected, control group, The grou
receiving adjuvant vaccine showed only a low level, transient, C
serological response.

An experimental challenge was administered 8 weeks after vaccina-
ton to cattle receiving the attenuated and adjuvant vaccines along
with & group of 5 unvaccinated controls. All controls reacted to chal-
lenge with severe acute signs of anaplasmosis, One animal was al-
lowed 1o die, & second would probably have died, had it not been
treated. Tattle receiving the attenuated vaccine showed no signs of
active infection resulting from challenge. Cattle receiving the adjuvant
vaccine reacted to challenge, but less severely than did the controls.
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Questions, Answers and Comments

QUESTION: Dr, Smith, Stllwater, Oklahoma,
I wonder if Dr, Dimopoullos has any idea if the decrease in acetyl-
cholinesterase activity has anything to do with an ultimate demise in
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the red cell? It is stated in human medicine that when acetylcholines-
terasc is inhibited, it doesn’t have any effect on red cells.
ANSWER: Dr. Dimopoullos, Baton Rouge, Louisiana.

Dr. Smith, the only evidence that we have of acetylcholinesterase
inhibition is circumstantial. As far as we know, this is the first time
this has been demonstrated in a hemotropic disease.



