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Hematologic and Clinical Response to
 
Anaplasmosis Vaccines and the
 

Comparative Efficacy of These ',Vaccines,
 
As Measured by Field and Experimental
 

Challenge*
 
K. L Kuftler, 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 A. centrale would 
reduce the severity of subsequent A. marginale infections. A recent 
report by Kuttler (6,7) confirms Theiler's original observations, and 
reviews the literature concerning the use of A. centrale by others. 

In 1961, Kuttler (5)described a killed adjuvant vaccine againit ana­
plasmosis, and showed a significant reduction in the severity of sub­
sequent A. 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 lnvestigaciones M&licas Veterinarias, Bogoti, 
Colombia with the support and cooperation of the Instituto Colomblano Agro­
pecuario. 
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given in 2 injections 4-6 weeks apart. 'This vaccine was reported to 
give cfnmiiderally greater prote(li (1, hit wais,stilllimited to reducing 
the severity of clini(al aiaplastum1is. 

Tire uise of % Pt -l jlo uim 4 11#1( W4 1Vocri I etit tlent A.- Pimi~~~ 
by Sclmidt (9) in l1937. Fjcc tll(Iul.h Spc(ifi( th(1'i._'tliti( ag-iits ,Vete 

not available.,his ICeboi ildi( tc gcnc(il siu(((, inithi,, (hlm . Ktittler 
E.gall i,,Illit(.(7)repoi (ed the' r,-(f I iild .1. , l' toEp1) iiti/v spleIel. 

ectoilli/d (al cs wh . ill ( ,i, c"i,t m re ,mllmrableii 1(.Nlll i hlrcruti I 

to Iliat StibstI ll [hin.ct (alvesim)mttr ('d b ,. (.?! ale. ('CtiIm (iI E1 I ( s(c 
,d Ilhed 1,)it-stilt , i tWilli ,illilh..ll,A. . h~tt, ill le,, ble( lecc ion, 

suggestiig Ilhit illalc.hi,licit. Im'liiiii I l,l1alllcl, Il it hei Iilitcd 
of choi(c, %uc(h \1ldllh i AiU.sli1liiis iIbe lchlicd cl ci 1tr. 

One pulei)W( of lhis sll(l\ w.ls (toiII(.smll( the lieiiiatologic tespOnse 
to plrletiutiiti)IE with ii ill(lliuatcld I. mIlimcl(l', aI %ii ulent .4f. mtrgi. 

nale controlled h% diltg Ihl.ii\p, an1(d iot tihllol with a killed adju­
vant va(:ine. Ill addil dtie ei ti\e p)totec(tion afforded by these 
procedures war mreasmi ed by ld iura and e(xli:llicltal challenge with 
virulent A. ,,arginale. 

MATERIALS ANDI METHODS 

Experiment # I-

Twenty, 3 month old Ilhotei Friesian female calves were divided 
into ,1eqatl groups. (;i l) I was vac(inated on day I with 5 ml. of an 
attenuated A. ma-gimile vc(ine." (;roup 2 was vaccinated on (ay I 
with 2 ml. of ait adjusault satile". and again on (h.) '12.Calses oI 
group 3 were givll 10 id. whole l)hood imitras enously, oil lay 1, front 
an intact calf showing eside(ee of atme anaplasmiiosis. Two (alves of 
group 3 were 17 any de.treatd with oix to.cliati inc ol day clOte 
tectable drop illpa ked tell ,lhii (P(CV), usilig 2.7 ing/kg body 

weight inmtraeitunisl) (IV.). Ihe I liiailihlig .3 talies were treated with 
Compound 356C61"" iusiig 9-1 it //1,g.()Ilbo)lN %5(ight IV.. oll da, 

24, after a imikud ditup ill'(V had (iii ccl. All animals of this 

group al)ppiicitly hll it icicd Ib daI8 1. (alus of group ' remained 
as uintreated(, niio0iM( illltd, ililly stii(jt ible (olltols. 

Oil day 81 all (ascswcic lliow from their native environnment, at 

about 8500 wa t) air aiaplasinosis endemtic area onft.abI 5U.iIs cl, 
the llorthc (1hl ifmiii slitioii of less thaii 100 ft.Duringd (;,,h( It ;i 

the 170 day oisi \atiii p id illthis ionie, ino ticatinient specific for 
anaplasmosis was dlhinistciiid. 

Tllrotighol thc (x (')iiiipc 'ui .vt'(kl) blood sampls were taken. 

iliiIilt I .itiE,.EEEi 1141 IIutlti, Ilis lpr(Millil 
shippi1) 10-11ll~l ait II)w( fm scmall~l IIr. 

S() t llrd (iiil)ii E5, Or% liE4, Wi 
and,Sl,41.,I wc(ks hifitvll 

liif-, IhWA.,Mlaihlle toliniObtailim-4 fillinII. IHigi I d Pli toi 1, litd) r, aicrcIilly 

iutntr til.Ii IC Il lli.",iia IitJ,."
 

0** ()btaifncdl i IiilliiElgh Itt oEllEI1k(AC., I ut kis liuc, New York.
(lil i lt 
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Packed cell volume determinations were made on all dmnples. In 
addition, serum samples were tested for the detection or specific A. 
marginate an~lfloties. The capillary ticbe-agglistiatiom (CA) test was 
used (8) for tbr firsit 81 dayi. The complrceetfi,%ation test ((CF) was 
usfed Ifiereaf let, *e,urn I it rationil being condiuticd on all kamples ihow. 
Ing 24, ito 'i+~iti 1414 at the 1/5 41111 ion. Thce CF test was tomiducted 
using It it ed Stairs Driart imen of Agi 1(1111tire acciigr 11 io hAti(Ally 

the muanner de (1), g .4 111ro-tet h.,iiiced hs' tle USD;IA btit roiplodtiAn. 

For (111%4110111 ill toiiiittijg life iclatti~r CIlu (f natiJI.4 A. 

marginate ialcenge bietween gioips (Table 1), A 4130c Was dICig­
tiated, based on1 the low NT~, .4%*odattul idii a Iinaikid im1 l~eat ill CF 
seruim tie F.Iolo%4 iig iii % l ini Ihcieleo filte (I a~crage/oll, dac 
for grtip I was 's # 20 da.4%, giotlip 2 %-,1 ('17 o-IS th% anud grotip 4 
Wasl !)54-25 (Lm\%. . I~q fauiled to ithow% dIl( iI 411ltoGru it~ fi~t a .4. 
vitargincale. D~a% 0Iw %rloftd fo r diui gtouu on fill hasis il all a% i age 
of tile 3 olli gioolpi, Shoin~ig Jilal.%1I44oi ad ua.% Muo(t1% follow. 

fig arris al iii flie aiia4amin o~j druic 1 totir. 
Ali atials~i of %arianc e (10I)Was%riniilo~ ed tol dcccitina fil pres, 

ecIIC (f lligiliftualit dulteic %I i I~NA, )4I% utlim~ill (cm giloip. 

Fxperiment *t 2: 
A total oif 23 adoiiI AIwiden Atigii% i w wereC tli%Ourud ioio 4 g144ups, 

Group I imkd 1 acoil%at teimitru .4. iio4gitl, gi (il) 2 ln adjuvlanlt 
vacrite, groocl.iI .. ed ica( Itiilil,%iiilrnt ottaigitiale Iollo%%vi And 

group 4 a %itiiit A. mnollginule blu fi itiiot hit til(-1itionfths 

these (attlc "~etc 11icdur ob%eliatto1 I etc Il4 lifit.i1411 Onlail l dlir% %% 

piastille at all all ito appiiaiitclh K'104)fit~ ft. 
Grotip I 44l%ie(tco 7 4ou~% %ith ,,it i%ci ae .gir of Ill , I. mtims 

'These cattic. oil da% I, wet c iii ,c (i ci ) itl ull A il 2 fill, of a 
300(' iuiipeii1%iiii, ill IJihiuiliigi4 ml%lilic. ill WAm%it'l e( i Iiii'.u % %flow, 

ing a 31,1,ji.4tatitrinia. i'111 in ulti uat obhtjil i Itoi %letIcn(. 
tomilet calf tihat hadlIC 1l 111e i rd ui4% lc 1%id iichN( fill. of 
the attecimaiecl A. pitarguttiil# %.itt filc iici4 I Owdl fil rlwi ilitit :- 1 All 

4 ialleiiged %iihillif~l were ' %iioiittt .1. ilitapg'itiiile V)' (Lisi ajn re. 
Ceivilig illc atiiccatru oigacilii. I liii i 1.1iligc uimuiltu of I fui. 
injecteil 4111)4 lit1illroii%I, (1 ai IJIINioiliii.(i4.41t,7Y,, %o44%iogiil Al ilne 
Of wilblcib M 4 Ici 011'Aifig .1 '"ii iii 

Group 2 (otciited ii 6i (ms- %%j 4iti%4? q,v~ totl , '.2 cuomths, 
Each aniia~l 1%ci 2 fill, it hie*'' ailitfl %.1(iflC141 sihiltieit~ 

l n 
last iam& iliC ilt uilicin. '111C 4 i~I lemige 11MlC .1%iIiCIllitl I4)ts hlAt filed 
In groupi 1. 

Group 3 0115itC4 o~f 6i tows with ;ti ti Ciag ge ilC it116 2H4*itifis, 

which were nIotl 51(4itnated, nor itifec ted until clay 55. hic. day 0 to 

were Ciiiltiigeif Willi %iltiltrot .1. mtaiimiie 27 th ir# trtcc iiig the 
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day M5h mal mal tn d a o anu nWd owa vol w oe

of ComM ltyhe* borawkgl rhang. resuln from
On day 5me W iman "" 111 11W with vinulenl A. ,wgriu 
miN.414 mam ihw lhmm andmel~bpd for pop I "Wl 7%nimdays OW i ""aduhth* 


tpn '41. woan I. 

l*.al4 ltgaMni whpop Taborle 

b d " asd w th. 5 wI
of wk weight Trmenm t in wmot InstAne was fined so COW"cdewith rery Inftiondn so o rCMe by 0eihor tarasiermiaw r ? opw,.foluong infenonI lnd eremalmn Io upwpll In Tawle I as roup 1IA) wa ohm pMcna"m with othf vcrlnalon poup. tevaluatorO tiwe bgahhMaeofj0mpom
 

Group 4consignI of S cow with an a4tug 
age of 79-t-Owmbnt. 
%hich wnid sa unw need com rol fach slmal we* Infr! anIlay SS with vtlmr, 4. ewr lsmI pI+the sme lofI "pooul# a4mIwd 6ew door "kWlng of "opI-With I n4 "elto ohmawmeal. 
rmalnd mnfirskl antd allowedw so utnWeW he full tlecto ofanaplsaohni

0Mo 
a4 poduced In the thallenge iowt, The ~ Cor
was a tow tha could not he wievillcM. swhich w4s trvated 1V.
wlih Swal #. of body woiht oI C hpsand 5 4 a; arlslo n whenthe rCV had 1Smehe 11%

Molnd samples were wien twice wr~ly as S ad 4 do) inimslo.

Pared ceIrolul phrlneml a ritsrwlod onnnkn a ained
blanui sm and serum CF rnpemoe wefr rm"M sledc all samples. A
mk CF techiqu was vied for .1 tus% as described In Uprimmn
I, All seu sample showing 2+to 4+ poolsb"le at theI 5norum

tileflotr14110erited. All Cy tite asevaps and stal consarlsovwMr nade csn the basis of AIftsavbhmk. transctasoio of the dilution 

The rtelve ros so ia nasion It tnartW In Table Ianderacy of srtltauma owhen animals were gisten a knowno challenge 
h 
tseoded InTable 9, An aalysis .4 saorimneeo as drsulrcib by Snedeov(10) wa cundcsted to . uMtal hw pitwo of siguikani ditmLnrs 

RESULTS 

Cases of popI deselopWa at poolis CA fresiWs In ewry Instanc. Vh rriuArsa pomusie on day M5 11114by day 47 all wmr
alttt. Inditidual MY. as well a u asersq reaned normlunt11l aft"r 4V St
Cab,. rof roup! at deo"d prolisis CA weactloam This ituponwasranset occurring In Sof I talsi falkw~ing the hm~ vac.cIraslon, but pwlose C% raction Wer appauin In all cab.OIf days theingeraod sacrlnasio Thes CA r~Wmon Mersisse in mumos talleiv*d up tn and beyond day 04. No slgnikmandesiaslon front the normal FCV mufferd until aftr ay14. 
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TASLUI 2 
Imaamedo, Utmwm %Nukat.Atmnua amm - K Aspmsm 

GROUP I GUICP'P Ui GROUP M 

Average a in MKM~7 :L 2 0 246 -t2 

Averaw Pre-ywaaintmm PCV 314 

itymgC time in days 

$or Ist- CF Pot. reactkm 11 0 

%veragr time in dit for the 
lag smurable Faras rmia 19-7 0 

# ai-agrhi C tite1180it 

'wvrame high Pmuasieiia iP, -.:! S 0 0 
Duration, in d"-s, of 
Parasizemia 17 :t S - -TI 

lVW PC%* 31.7 344352 

(1)XNT = \ot tented, but pararkitelnias were 9xpordi and periam eceu afterU~I
 
Group 1: Vacnzted with Diamond 'Stran of Atterruated Anaplasma.
 
Group 11: Vac-rinated with ft"r Dodger atjuvant 1accine.
 
Group III: U nvamrnated ronttrs.
 

Group IIA: Vaccniiutei with %'irukent Anaplasma fcollowed bm treatment 25 dass lawe.
 
0421: The diffeee in tabulated aveages requiued to indicate eigilante.
 

VadwM 

GKOC? HIfA 

6 

961 

20 

3<k 

wMOANUXf 

in52 

<am 

£Sj, 

235<a 



TAXL1 S
 
Ilemu1oolk Iespm InVawiaslod ad Vmvated to %1naimI
44nle 

A. m,,,,u,,e 0.,lfrq 
Goup I GGp I (rup 40 Probabiliy 

ela 
Number . Anlnash 1 6 1 
AvgAl Inmud 40 Is 41 * It 01t0 
Avgl,PP" Iit 314 368 145 
Avg. tli for CY¢F mw e 
due to Challnge No 
109:4140111 da 114.8 d& WSI 
Avg. 11Molot f 1,susla 
due aO dballeogs No 
Iwculum R"tDwa da. "A*day NI 
,116b CF ilie I1M 111400 1/"o <01'4 

Avg, h ig raerial, UJ% 43% 205% 
Time to remalow PCV No 
lmr CYrmponeo Rasponm ds. It da. NS 
Low 'CV (lier
 
chllb" II 33A Its <O.010,
 
DEol 0 0 I
 
Group I V wis AsnaWm.
VB'd~lt an slemnusts 
Group 1: ainated with a killed adjuvant varwde, 
Group 40: Umlvccined,.wotrolL 
NS; No statistikilly uignikaen dilhsruKr orur. 
(I); No siuicant dillerena betw o groups I d 4. 
(): All groups ire signiftcandly "llurOnl. 

Calves of group $ injected with virulent A. margiwal/ developed 
evidence of early acute anaplasmnosis. All cahles were Isitive to the 
CA test 21 days alter exposure. Even following treatment thee calve, 
showed an average low PCV of Il.2fl.6. as compard to an average 
of 38.0±2.2 for all other calve on the same date. In addition to the 
drop in PCV, a significant reduction in weight gain for the 54 day 
period was observed in thli group. By day 144 the weight gains for 
each -f the 4 groups were very nearly the same with no significant 
differences apparent. On day 84 the PCV average had returned to 
50%. but even so was significantly lower than the corresponding PCV 
average of group 2. Althoug lower than the averages of groups I and 
4 the differences were not significant. 

Calves of group 4 failed to show any evidence of anaplasmosi. or 
other blood parasites, remaining negative to the CA test. with no 
& nifia#nt alteration from the acceied normal PCV. until after day 

Following arrival In the anaplasmois endemic tone., a marked de. 
create In PCV occurred in all group, that could not be attrilmted 
any specikc blood parasitic infection. The average PMV (or all anin-l! 
on day 84 was 54%. whereas 2 weeks alter arrival in the endemic 

45 
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iaksikon (IUM"ug Wekome Gwoe und M.C.I). No death loses 
murMt in this gmup. but moderate Infeclons were observed to result 
In a sl-anmt iduall of PCV.The attenuated A.mnarginal. vac. 
VIN Produced a low Il"w paraullemla. a maked semlogical response, 
ams asd by she complemi-rntsltlon ous (CF),and- awry slight
droP I# MY whkh uimwet siffauly dlfferew from valus ob. 

.. unvainaed. non.tnfcoWd, group. The Vrouped in an mntrol 

Iwvlwin adjutant %lwtne dowed only a low level, transient,
 

An exp rimmal challenge was administered A weeks aflter vacdna. 
tlion o cttle meiving the amttenuated and adjuvant vaccines along
with a group of Sunvacrinated rtrOl. All controls reacted to chal. 
toW with severe ate im of anaplasmos s. One animal was at. 
knwd so dki, a s-ond would probably have died, had it not been 
trted, rAttie rrlving the attenuated vaccine swed no signs of 
arsha lnftlrkm reultIng from challent. Cattle recelving the adjuvant
stnine reacted to thallen. but less severely than dki the controls. 

*'..tou t'*W4 sumts 0epn.se~e opvswrei. A Maunual of Cndwuntns the 
Css am Test for Asaplaames. Augm. 111. 

|-l1,i- W 9. KUiMMw,I. O Peaum. C. C.: A Vac-cie (W Anaptaunwi.
Tab UNl. T-154 juiw. 1 0, Otla s st tnei dshy, Agriculural lxpevrl 
mpmekell 

t-WLt W U. KU M"ewee, Peosn.um, A Vaatne for AnaptumosiI 0. C.C 
4 AVIJA It?'~t. 1,u1901. 944Mcr 

4--hialooiip 1111'.Woum lm . Ti' Cmplemerln.iaull Mio Procedurmh- Amaptmook Am 1,let, It :8 (Ja.o I17)I1,
I=F..mnfrv. ft 5t Aptaam se mestsnta Ikdir. Prm. aUh. Ann. Mig.5I. wess bs Aim. O (IIlI,1IOU?. 
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Qmflom,Answes and Comments 
QUISTIONt Dr. Smith, Stillwater, Oklahoma. 

I wonder If Dr. Dimopoalloe has any Idea If the decrease In acetyl.
dhollneiteraw 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 
this is the first timeinhibition is circumstantial. As far as we know, 

this has been demonstrated in a hemotropic disease. 


