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,Supinary. Eighteen Rlets mionkeys were immonized withli a fre sh or lIyophilized anlligeli 
preparation obtained from erylrovytesc, infi'ited with PI'li.'oIM kimt ,w,., ixhci of themenionkoys showed at positive dvilayed hlyptrstensitivity, respllmsv when

i 
stihse(qmlntly skill tested 

with the immunizing antigeli. Tvll of tht( 16 positiv Ivactors sirvived it P. Amith8ii chlillenge, 
the remaining (sihowed seital indivation of pirotection. Noi. of lit Is conitrol mioukevvs 
gave a positive skin reaction or survived the lihtlInigiig iiic.uill. Macro- 1iid nicirosvopical 
ovideiwe siggesti that the dermal reaction is of a delived typ.

Preliminaryv h niiochemiiclnalysis of the antigen used inithis v eriii , i is inclhded and 
its significance isdisci5se(l. Heiitiologicill dita isalso reiseined. 

introduclitil 

lintraderi'alI skin testing in maitlarila Iits Ibee, reortfid pievio I'slyT Iirllferro 
and Bloom (1945) noted fil invivasi. in inflammat ion and rii te of i igocvtosis lit 
the test site in chronic Rhess monleys (JIhm'ica nditflt) injecte(I iitnractitan.
ously with I'l.smodium knoi'h.i iifv('td bId. M1akari (I1940a, I) tested indi
viduals in feetted with ia witli an iiy11s extract of ltian ini j 'ios blood 
itld obser'td it maximum skin react ion it 24 I. Phillips ,t ill. (1970) founid t hat 
Rlhesus Itonlieys stiffering fro a tclonic /'. /'n..l/c.,ii itivct il. whbn chalenged 
suheIutineoislyv, with !'. nowlh'.i in ftited cclIs. ' ll '(liiiie t'pv response 
which was maximal tit 4 I. Thes monkeys also sho'd lilt iiifIlaimi attory respclnse 
which reached I peak fit 24 I. 

'IThc abilitv to vitcinate Rhesus Ittonikevs ig ainist 1'. owo'hvsi lilts IvI dotn
strated (Freuincl t ill., 1945: 'argeti and Fulton, 11165: Brown t ill.. 1970; 
Schenkel et ll., 1973: Simpson (t all., 1974; Schekel vt l., 11175: Mitclhll vt al., 
1975). 

We ittvcilitecd to establish an ill vivolsa' v whiel would enailic unsto |predciet, 
prior to clialii(ge, whether vac( linate(I monk(ys wouli b prot((,tvd. If a nhirhill I 

t isvaeceine stiitabl h for Itiini its, ceveloped. such it test would li t usefuI ili deter
nining whther \levaciniaie inlividuals wouliI (he i'esistit tpon exposure to in. 
fectioi or-if r,-vaccilmi tion is indicat ed. 

* Spported by llt, Agency for International IDev.lomlent. U. S. Departmont of ,ihlh,. 
Coitrac't No. A l )/sd-:i(l

** Preemit aiddress: Depirtlilitil of Microbiology, 'liiv'rityof 3 onhititli h 3ont.Misoill, 
598(11, USA 
*** Preseit iilress: Alitriain (Cycinamid, P. 0. Box 40, IPrinci tll. N.J. .Ii01i, USA 



:12 E,. J. Cabrera ot al. 

Materials and Melhods 
A dmalfs. Thirty-six male and fenale Rhesus 

from 
monkeys (.1I. mhidalo) ranugiig in weight.2.5 to 5.4 kg (liean 4.05 8.).D± 0.81) were divided into I) groulps (Talies I. 2). All ofthe animals had been puarehased from Printe Importsl and were kept under controlledtemperature (27' C), and it 12 h light-dark cycle. They were fed Purina Monkey C'how twieea day and allowed to drink water ad liii. from aif ant onltie dispenser. Mon keys were housedindividually in cages that complied with U.,S. Federal regn litions. The waste collecting pansani the rooms w'here the aniimals were kept were washed once a day.


A ntigen ('oll'tio. Antigen 
was prepared from 2ifhsiins monkey blood infected with tlieH-strain of I'. knoclesi, is previously described (Sehenkel et al.. 1973). Immedia telyv aftercollection tilealt igen wastyoiphilized or (flicik frozen in try ice-acetone anmdst ored in li(IiidN'. l'yophilized antigen was reconstituted in sterih distilled ILO iiniedia tely before
Antigen ..

use. 
Ihal/sis. Tile protein conlent of ite I. kuio'lsi antigen as determined by themethod of !,owry etal.(1951) was used as a Ineasllre of tie ainouit of antigen used. )NA and
RINA were measured by the dipienylainine (Burton. 11155) or lite orciot reaction (Schneider,11)57), respe('tively. ('a rlohythates were measured byt te ieienolsulfuric, acid reaction(Ashwell, 1957). Phosphoronus (let erninat ions for phosphotl ipids were el rried out by the iscorbieaeid niethod as lmodified by (lien et al.(1956h). The cholesterol content of thte alitigel wasestimated yi,tie lrtcl'ttltltlt.H'lor('o(rilie'er reaction (Abell et it.. 1952).


,SkinTC'.1il,. Tile abdominal ar a of :34
of the monikevs was shaved at least 24 Ii beforetesting. One week before tie first vi' i fll t ion, all iiioneys were inject(d intradermally (It))in tie aldonl withi). ill of plosphat e buffered saline (PBS)toutainiing 30 jigof P. k'owlesianltigen alid lita separate site with .1 iIllof PBS; is a control. The test sites were checked 
at (1.24. 48 and 72 Ii.
 

All animals wer' tested ii 
 second time :1weeks after the sec'ond vaccination, i.e. oneweek tefore 'hallhllge, and the skin reatlion sites examined at intervals of 6, 24. 48 and 72 Ii.The diiilieitei' of the indurated area was ieasired with i sliding calipner.
2(eetions with ai
 
diameter >5 min were considered positive.


For light mlicroscople observations,skin test biopsies were taken it I),
ti, 12, 24, 48 and 72 Ihafter injection of antigen and were fixed in KarnovskY's fixative (Karnovsky. 1105)
5-6 Ii. Tissues 
were then rinsed in (0.1 31 ea''odyhtt' buffe'r, pl0t.fixed ill 
for 

2"o Osiliul tetraoxide in ('aiodyt,'liffer for 2 I.dehydrated in ettianol and proylt.ne oxide and embedded

in Epon 812. One-micron thick sectjons 
obtained bY sectioning Iocks on atPorter-lnMI213 tilt rnlliirotoli' were stained with met hlveii( hila ill borax and thel examined with it

Zeiss 2'hiot oil) icroscope Ill.
 

'hallel'. 'T'heIt-strain of I'. korlesi mainltained in li uid X1, %%asinjeted intoii normalIliesus monkey. \When ihis aniial showed a patent infet ion.,"lood was withdrawn andlilhtei insterile P3IS. All of ith( nionkeys were then challnged Iy an iintravenous injectionof I lil of thli ililtet biod cntailining 2.5, I. llparasitized R H'.
 
The parlisitelili was foltowedt iy 
exa iilation of (Hiiisa stainid blood filns taken daily
for a 
period of 5 weeks ifter thallenge.
 
IleIiogl. I2eiiat(logi('al observations were 
ciarriedvainiation pro'ethure anti : times it week ot 1 2 times ii week during theafter vihlhivlge. Red and white blood Cell countsWer'tobtained 11Ythe use of a,Cotller (Co111ter. Packed eil volllnl ()(T) readings were ob).takileCd
1)3 the [ISV Of Ml International Microcapilhary enitrifige niodel 312I..3 
lxleri'ltaur I'roluoil. Ten xpTrilii'ntilI grotips are inclieiil in this report. The groupsare identified liytile letturs A-2. Tie monlikes are illl fter'ed consecutively 1-36 (Tables 1, 2).U(ro11 A (monke s I.-4)reeived no treatinint but was challinged with infeited 1BC.All of these animals were skin tested. Three monikeys showed tihierculous lesions upon alutopsy.(iroup It (niinkeYs 5-i0) was brought into tile iilinkey-lionding faiilities after the tuberculons aniials had teen rm'ioveit anid the ilini g d'coltalinllted. These monkeys were not 

1 :14 1misoii Street, Port Wiashington, New ork 11050, USA 
2 Coulter Electronics, i eed.,iah,Fla., US.A
3 International Eqilpnet, Needham Hteights, Massachumsetts, USA 
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vaccinated but were challenged with infected I BC. Four animals were skin tested, tho re
maining two were not tested and were used itscontrols to deternine if tlie antigen introduced 
during skin testing imparted any )rotection. 

Group C (monkeys 11-14) was injected with PIS eiutilsified in Freind's Complete Adju. 
vant (FCA) followed onei,month liter by PIIIS inuilsifed ilI Fretnd's Incomiplete Adjuvant 
(FIA). One monkey (#/ 11)had t uertulo,,s hsions in its hngs. All four animals were skin 
tested and then challenged with I'. Amow'lsi infvcted IMClI.
 

Group 1) (tmonkeys 15- 18) was similar to grouip C exce pt that these monkeys, itsthose in 
group B, had not been (xlposed to tulirillosis ('I'll). 

Urouls E-l (monkeys M9-32) reveived varying itimolitts of lyopdhilized I'. Aaolh'-si antigen 

(Table 2) incorlporated ii F('A for the first inject im and one ionti later the siame aunoulit 
of antigen emulsified inFlA. (iroups E, F and II had been exposed to tohlercolosis since 
nonkeys 19, 22, 23 and 29 had ]lung and visceral titliriulotis lesions. (hoiiip (. had not beeti 

tihe After each hlnge'dexposed to riiinfection. liing skin tested, itkeY %a Olu I with 
2.5 Y 10' infected HBC. 

Group I (ion keys 33-:16) is similar to groillt i II, except t hint t inIIIigI was fresh Ii id 
had not been lyolhilized. All four iiiiials had hiet' exlotstd it)Tli, hut oiilv nitiioki-v 33 
showed liung ant visceral lesions. 

Immnizat ion of grouis I)-I were carried (tlil itraittusculiirlY ii lie flaink. 

was lysed llI lYsis of tecliliqia- (Sh'lc 

and Torrie, I9lt 4). Bayes leist sigtificait idifference test (1)1ionitai. 19454 \ris ised fill-
Statisticll .. ilqsis. Thie dii Ulin by attn Viitlil, 

ti.i
paring mean pairs only when lhe F-ratio was significant IP. I.05i) tin 'wauilysis of vairiilCle. 
Simple correlation coefficients (r) were ealitlated (uintsli..ger. 1417) anid otl t hose es.if

ficients with P. 0.025 were considered hiologihlIll' significlaiii. 

Ill-stills 

Vaccintition. After challenge with P. Akn1ol'lcsi. i, niiiikic. hliwich ' otl,ll vs 

vittcinated with plasniodialntigin (('iutms A-lI diti of a fiiliiiitiit 1mgitfs'cl hun. 

I't w (l'it 'lNo significant diffe'en(eI ccull'lmred h ll(,avel day* f th (S.7 ±_0.945) 

of uninjeeted rionkeys (Groups A-l3) and tliat (S.4I .ii) of adjuvali titinirls 

(Groups (-1)) (Tallc I). 

ys siirv'id I lit, 

(Tabl 2). The 7 aninnls that stmit'e i r h'li 
In the 5 groulps of v'aceitah( aninials. II nf IS innkt ' .lialh'ngi' 

died slitIweI indicaitns tsit isiii. 

avei'agt tiy of teat'h (14.3 -:3.3) of tlhet' aninals was siginificantl diffi-renit 

(P<0.05) than) that of citiher unviteinalted con'tlrls i aniials I-.atil wili 

Freind's iiitjtvant. 

Six tif tlte surviving nionkeYs hadl par'asite' coutlits ranging froii I Ill it) 82 

infected Bli(Cper 10,000 IB(', nionkevs 22, 28, 30 anti 35 had i-hitiveliv Ii in. 

fections lasting II,4, I1 and 1:3 tys. rislweitively, nil iiiiii 2i2it sliandmoel 

sigiifietant a rt-i''iviliParasites. Statist ica i differnilcts were liiot ilng IlhIt,4 gl,ills g 

sif 'Ill, imiitnkl-vvarying aitmiottis aittigei. t rplattnt pt'riod sit vac'iiilil'I 
3.61) ,lnge illai'iI (4. •t.11)(7.114 - was signifitantlyIl (P< 0.05) lian eithr itli 1 

ir Freillndl's atljtvant c'o ntrl' s (4.4 .(.5). 

WVe hitvt' iilst olmifirlie in this t'xlui'rili1l ntlvrevilus fittdiiigs (Sihlnkl 

et al., 1175) that iht' non.iallh ,ilt igl'n1 catin Iev I.tul)liilizi('I %illliit losing its 

protective effect. (Grouip I ree ived I Ing tif 1li tlhiliz'i II .k'ow/ssi i itigi'n. 

Group G receivet the samlie a ioint of altigtniaftlr Ivohilizltiitni n d ltttilis

tit.ion. Apart frtin it significant (P14_O.35) differe's'iii lit'lpiitittn piriosi. iltit h',r 

differiences could le detected. 

3 Z. I'airitslti' k. 
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34 	 IL J. Cabrera et al. 

Table 1.Results of skin testing and parasitemnia of tintreated controls and monkeys immunized 
with phosphate buffered saline (PBS) eunlsified in Freund's complete adjuvant (FCA) and 
onte month liter with 1 13S emulsified illI'reund's incomplete adjuvant (FI A). All the monkeys 
were challenged one month after the second iiunnization with 2.5 , IOW RBC parasitized 

with Iqismodium knoilexi 

ip Treatment(mfru Monkey Stati, Skini test O)utconw Pre- Maximun Day 
of resiuls after patent manuber of of 
healtih dial- period parasites/ death 

lenige h in days 1ORB( 

A I 1Onh 4- iegat ive 1) 4 2.9130 7 
2 none +* ± negative 1) 4 2,011 91 
3 1101P 	 nega t ive 1) 4 4.01) 9 
4 liolle negat ive 1) 4 1.9()it 8 

Means: 4 2.857 8.2h 

B 	 0 none negative 1) 6 :3,870 9l 
1I 	 onit negative I) 5 4.500 9 
7 none negative I) 4 7,200 8
 
8 ainne negative 1) 11 3.20(0 I0
 
1 none not done I) 11 2.701) 10
 

III lioli not lolie l) 5 5.730 8
 

Means: 5.:33 4,532 9 

Niells ! ldal' h'viat ion of On-vac'ina3ted eont ro ii s A - B) : 4.8 .803 8.7 

± 0.92 1 1.004 ± 0.95 

C 	 II F'.A & F IA 4- -+ IIegative l) 4 1lOO 7 
12 IA & VIA iegative 1) 4 4.(0(0) 8 
13 I ',\& FIA negative I) 4 4,W01O 8 
14 IA & IIA negative 1) 4 2,520 Io 

Meanis: 4 2.115(0 8.25 

1J5 F; &"FIA Inegat iv. I) 5 5,200 8 
ill ]"'A & IA negative I) 5 3.750 Ill 
17 "(A & FIA negat ive I) 4 2,300 8 
18 F('A & FIA negat ive I) 5 3.101 8 

Means: 4.75 3.587 8.,50 

Means . standard deviatioil of adjavant vontrols ((roups ( 1)): 4.4 3,246 8.4 
- 0.52 -t 1,268 -:1,00 

I No signs of tuherciilosis. , Smll (2 -3 nm) tubereiloas lesions illhbronchil ]yni ph 
-Largt no(des. • I ( :1111i1)Itoervuis lesions in bronchial lympi nodes. + + -4- Tuber

viloux lesions ini lyIIIpi nodes illtilie 	 - + 4- Tuhert ulous lesionsparitiniihym of the hIngs. 
in Ilmph oulodes. liverloigs. spleen antId 
I,I) IDad; S Survivor 

I)av of challnget isday "0'I' 
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'rTable 2. Results of Ski n testing and parasitemnial (if Rhesus monkeys iinmoizedI with J'l1-11o
dium knotdmi fresh or lyophilized (lyoph)I antigen amd elial liged with 2.5 Ill: Mi' 

parasit ized withI. knoidemi. For abbrev ilt ionI., SMcfoiol notes to 'I)hI I 

a
Group Monkey Treat mlntnl	 State Skin test Iiitclme Pre- .dla xi lii Day 

of results after Patent il"r of of 
hlelth ill Il1l11 of thai- iperim~l pllrI'Il k.,' Ill-ath 

induli ol hvoge in ll ' Ials1111 
Spt~ent Iperiod) 

E 1t) 250 (Iyoph) 	 -- +4 :±.5 1) 7 2.1111 II 

22.0 S 7 221 (l:3)20 	 -5 Jill (111)21 	 1:1.7 S 

S !I11(11)F 	 22 5INI lyoph) ++4 13.2 S 

23 + + -+ 1.I 1 I) 1t 5444 17 
14.5 I) I: 1 I.4511 1924 

G 	 25 I.4iK) (lyophl) 14.5 I) II 3ll Il 
II 111.5 S26 

27 	 7.7 S 1:;11 (111) 
6.0 S 19 O.M(4)28 

2so 116) 

31-- 15.1 S IN(11) 
H 29 15111 (Iyoph) 	 -- + -± :1.2 S 

1.9 I) S 	 4,7411 Ilk31 
I) 6 3, Pill 1232 	 .4 

-,:13 1.00014(fres:) - 6.1. S Ii S211(141 

14 15.11 S S :141i 112) 

5.7 	 i 42 (13):15 
7 2,11111 15316 	 9.7 I) 

Mleans t sttindarddeviit ioni foirill vicciliat ili oiikiieyls I rilIs I IA) 	 14. 
:i.3, 	 ; :1.4 

njecia Expressed as tihe jig of 1'. 'ni,r '-i antigen injeited with Ft'A ili fill firsti lljel and1 

with FIA for the second injeet ion 

t. 	 of tit n that l'i skill t eegistiir4yl5I)( 11141 

1ll ,if lhlI 
Skin Te All lh IllillkeYs ' li'sl ed d I 

plior to ti t.ll . After tliie vii((ilil)til)n seIh(illh ldil lll cliiiplhhdet. 
llConltro~l illilliials (A- I-IS) colliliilliwd lit)iresponld Ilil-gailylv iI i lill'nrllerl ill-n 

I'll('lii)ll i ille IS 

Il i v cill Ill lr' 4iilgh'
jection of P. knon-s lilltig ll.. A ilsitive a Ii' '\ I ill lIi if 

vateCinlIte(i flonik(V5 (Tale 2). Of tlnesi6 i\', i'0sithil',. l'll 

an ill Iemaiilnllg 6 showed it significalint ,v (l.\'1-I dli(lif (114-144h Injr', i i poisi-

P. 0.025) bI%%lli d a14 tii1 v'il4illitIll nhf lhitive COrltlation (rt-(J.S, 

aUiniml nd tile Size oile ielactio14n sitv ill 24 I (Fig. I).
n( (It 

dose;sStatist icail iiliilvsis Ievelils that lh1, i'llIr(.Iil illn ivailtillIl of t vilnl lii ll 

il ill iy lut stilt isi illyskini react ions is r - 0.39. lhis i iirllli .ig4-ttitid sizemof Ii 
significanlt (P:110.35). 

2\icloser)Jcdall , ilh( test sitv reliililil'd ngat iiie for 111rap 24 Ih afteruxilinhtid\ 

the tests w(v peoeidlll I. Th rvieiin i'at)leihI4 i Il ixinill1n hI \l ceIi 24 44d 48 Ii 

http:P:110.35
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16,
 

15- 2*523 4 
14, 

13 

12
11 A6 

10 313 

32 
'8 
"67
6. 
S5-

E 4-. 19 

3 

2 

8 9 10 11 12 13 14 15 16 17 18 19 
Day of death 

IVig. I Rltionship ietween the dillniiitr of int rationn of the site inje('ted with t1J.g of 
lYipliiliz'd intigen 111(11I hfdayof deth of sevein immunized monkeys. The i vernige (1113'ofie 
d(II-th of control aninnls wits 8.6 (ringv 7 10I). Indivitldii monkeym are rtpreseiitel by fit( 

Iilmbi ter c'lo,',l itdl twit virilths 

iiinl, i tlit n nlil \vlisw e i psi ('me e(tk 72 h.no skii jIi t en. dr i'(,i18('(Ie y 
Ei'Ylicinlila and iniuitiiolilli wele ob1iseivecd i till ptsisiv , retetions. 

Milcrosetpic(' examinatit Illo of skin liopsies taken 0,,at 2,. 24, 48 aid 72 Ihw i . 
reyl t iii increase ill ilnfiltrating eells1 hletweeli 0 andi( 48 I. A iinaxini minrii 
of infilt'ating cells was lbsvirved at -8 I. Over 70% of thle infiltrating cells we'
 
Itntliltii enlll.
r, tilly it fe'w t ll('lirplioitniiilt'nr cetlI1Is werv sit i. deiled i';ro' A tI 

st'cliitlil 8t li' 
 lf tin' react ioll sites will llpulllishetd tlsewlt'hrt (p-i.er ci al., 1l76a). 

( 'tltrlll] oiist inig (If IBS werv itcld d inIall skii tvst iigs. At ino time dinin 
the Ilht'-rvat lteriol isit ivi' recil ill recoriled for the cllitrll Sit'.itli was il 

O wi l t s. i n i lu at h ehrln il] h l -N - l n l i .ivl l v ed 
i f Ih ( . d eh ia , d t . ly ( . '['h l w'la s n o ,evid e n c ei (if J o l I (. - M oit i t y p i 1,Y p eli ls i t iv i t y 

A.ll r e s u.i c a t'th t i ,r. o b s er.l~ wa s,, Inl i i i I y 

ilill lf tit' I'ntihig sits'. IItiwever, it Ii a ( 12 Iit litre wi a,,is li(lt infiltration 
oif ll3'.iirilhlinuiit'li hlltco.ttes. pa iviulil V Iicilt.mphils. Ar htsli.yperslisi. 
I ivit*v tc iitlot li. illsoilifiy'* rNl. tinllt Ihou(t iist' ill>) l'liii I Ilill:fer expetiil ts were 
pt'rfoIrmied. lic\iwev' i. bells 't lit tinl' colinl.s if h it(.iation (lilt'snot follow 
lle kii't iei"s tf alrlArtlls reacti on alln h.leil n)vlit'ltano hitt ,i't'vrYtlieh il wert' 
111,81'r.' it illv 

IIuoloiral()bs'attio,.v. Cont ril grllips (A I)) shlow't i drle'iiase ill II l( 
tonlitil l ( 'V (Tblh' :3) wliih is expecteil ili niinials iifected with IP. 

t.I'Ii cal A rtlilt r iiiin wii'oin litl I t I.notp es't.i 

'nowlesi. 
II1oweive'. sili e some tif lit' infected cottills' ir weae ai ltndlinrhgic Seveiil 
dlis liriti dent l Ii iglitin mo ltItIl h,(llet'ctioin miliit Itave causedlid restra ini t t a' 
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Table 3. Red blood cell counts (I1BC), packed cell voltnie (P(V)and white blooal cell counts 
(WVBC) ol the control monkeys prior to challenge and for it 35 diy period following challenge. 

For treatment of different groups eonsult Tablh I 

Group 	 Monkey Before challenge After challengv 

3 
 3It(W ,<1) -/n It B(C 10 11/11nI10 PIT'V ww 1' 10 /1}n 

Normal" 	 6 days after Max. Min. Max. Min. Max. Mil. 
second vitc
ciiationi11 

A I 5.57 ± 0.25 - 5.98 4.411 42 33 26.10 8.0 
2 5.47 ± 0.19 - 5.)2 4.3:13 3i 27 1:1.2 5.3 
"1 5.52+ 0.20 - 5.05 :1.88 41 28 8.6 5.4 
4 5.16-F (.19 - 5.48 3.56 :19 27 15.2 6.6 

5 	 6.36 0.45 - 7.05 3.53 47 23 11.0 10.9 
6 5.73 - .62 -- 6.10 2.411 42 18 12.7 6.4 
7 6.65± ).56 - 0.85 2. 05 46 15 18.8 5.1 

0-
9 5.46-± 0.21) 6.301 3.72 40 24 11.3 9.9 

10 6.22± 0.3 - 5.80 3.77 41 21) 10.9 1.6 

8 5.78 0.56 -6 .10 4.56 10 33 11.1 6.61 

C 	 11 5.77 ±0.13 5.51 6.15 4.7) 42 :32 12.2 (6.1
12 5.57 ± .21 5.21) 6.12 4.83 41) :12 16.1 8.6 
13 5.:w(±0.19 5.15 5.47 4.18 :19 1i 1 13.3 7.10 
14 5.34 0.17 5.12 5.29 3.83 :8 29 24.2 111.2 

D 	 15 6.07 (1.83 6.03 (.06 4.71) 41 34 18.3 1 .7 
1M 5.34- 11.394.80 5.11) 2.92 :14 21 1(6.11 8.41 
17 6.03 +j0.71) not available (.17 5.610 :8 33 14.3 ll.8 
18 5.7:1 -. 52 5.13 5.00 5.111 41 37 14.3 7.3 

a Mean * S.). of at least 4 counts
 
I1 (roups A & B revcived no vatcvination. (;roips '& 1) rvcedi c adjuvant alon
 

izationn, somne of the 	 mininmumn l**t I'l at11 	 colnits rtcorded its ')wtake.n 2 4 davs 

prior to deati. 
1hw white blood cell c(otints wetrl l1nh.(l same blood samples used forol the 

the R113C count and PC(V st y* again Ienote,ti salne hlias noted ahboave. Most 
of liltinaxiiiliiiIn valtis for \V,(3 are from hlie front 1tlilast blood sample talivel 
animals which indicates that the 11i1( (.olilit rises %%ilIl tliliclease ili plrasitellia. 

Tli vaceillt(d groups (E-) showed a decrease in Mlt count and IP('V vahn. 
(Table4). In those animals surviving hl infection. finimill ? (' elllilts and 
PCV eoincided witha1 i1.ak iarasitceiiill. ,",oii thereafter i '. v(.i'oiv(l'-d 	and blood 
val'ts were back t(l normal witlin 30days after challenge. Monk.vys 2(. 28 and 
:31that showed few onlno lrasites ill their pl'iplivral blood had a small change 
illblood values whichllcanlie attributed to th var'iation innornal lhliesus Illoli

keys. 
The W1'3C counts in tiese groups refl tet le variation olsvieved in noraliI 

RIesus inc inkeys. lowever, tl' ilaxin1111 vallies ohsir It are slightly higher 
thanI the vailutes olserved ill normal anitliIs. 

http:5.:w(�0.19


38 E. J. ('albrera et il. 

Table 4. Red blood eell counts (It IC). packed eell voliit (P() and white blood cell coiiits 
(WIf(') oil tit eXlIwrinintal imnonkeys prior to iihll(nge and for a :5 day period following 

M.hlhenge. For treatnent of different groups consult Table 2 

Group lonkey le-fore ehallenge After challenge 

aIll(' •i 6/,1u/n: lIW. I6 !mm PC(V WIR - I- 3 /m n 

Normal"l ( days after . Min. Mitx. 11in. Max. Mill. 
St'{vOIldI
viI

vitiatin 

11) 4.97 J- 1.17 4.611 
20 5.,5 1 0.26 5.48 
21 5.22 0.25 5.21 

5.81 
5.95 
5.55 

4.74 
4.0 
3.13 

32 
42 
:9 

25 
28 
22 

15.5 
13.1 
25.8 

7.3 
8.) 
9.0 

22 5.13 - 0.21 4.70 
23 5.73 1.26 5.97 
24 5. 11 1 .21 5.1)4 

(.04 
6.55 
6. 1) 

2.63 
4.38 
3.40 

38 
41 
4) 

17 
27 
10 

15.4 
9.8 

1:1.2 

5.1) 
4.7 
:1.4 

G 25 6.110 t .95 5.52 
26 5.94 J-0.72 5.74 
27 5.58-s 0.41 5.88 
28 5.11 -0 (.07 5.70 

5.118 
6.47 
6.53 
(.46 

5.111 
5.43 
4.28 
5.02 

44 
40 
41 

:3 311 
:9 
28 
30 

22.2 
20.2 
15.4 
19.2 

11.8 
6.4 
5.5 

10.0 

Ii 21) 5.71) f 0.27 5.62 
3 5.2:1 J 0.12 4.92 
311 4.111 0.16 5.01 
:12 5.36 o(.25 4.99 

5.68 
5.84 
-5.30 
5.93 

2.85 
4.48 
2.76 
2.34 

:17 
36 
37 
45 

18 
27 
20) 
11) 

25.5 
14.9 
111.9 
24.) 

12.8 
6.0 
7.1 
5.8 

33 5.30 0.26 5.11 
:14 5.25 41.28 5.08 
:15 5.55 L 11.14 5.53 
:11) 4.9 -11- .25 4.85 

5.89 
5.80 
(.3(0 
5.21 

2.57 
3.0 1 
4.31 
3.83 

:113 
39 
42 
31 

18 
22 
30( 
21 

19.4 
13.7 
28.1 
11.9 

5.1 
(.0 

12.4 
:3.9 

" Mean - S.D. of ti least 4 counts 

Table . iodiclhenuival analysis of the Fre(nch-press Phiusodium knon-lesi antigen used for 
iinnuiizat ion 

Aniount # Determinations 

Protein i.1)0 jig A 
Phospholipids 1613.7 1 3.5 jig 3 
'holesterol 48.13 t 4.8 jg 5 
lINA l1.8 + 1(I; jg 4 
'arbIilmhydrates traces 5 

) NA trices 5 

.'lliflJi'f .1Iill.i.s Upon i)iociemnical analysis, several different batches of P. 
knollI."i antigen Colsiste(l of mostly protein with considerable amounts of cho

hst erol anid phospholipids, moderate amounts of RNA and traces of carbohydrates 
lind I)NA (Tablh 5). 
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DiseuIssioll 

V'accination E/lect,. lit t-he present stuidy, fll attempt was llade(to establish 
a low~er threshold for the amount of antigen Ile'(ess'ry to Confer' protect ion against.
P. knowlei in Rhesus ionkeys. lowl'ver, the lowest dlose. used in this sturly
(250 [g protein antigen/inje(ti(3) proved tl i, prteetiv'. Evidently, the lower 
threshold is below the 250 j.g dosv used. ''li, prot ,tive Pff(,('t of lyophilized and 
fresh antigen we'e similar. (Comparable doses if both Iiitig us induced ahImost 
identical proteetion ill recipi'nt ini lOn,vs ((rit is (' and I, Tahhle 2). Tiv only
difference was a signifieantly (/','0.0S) longer prelot ent p(riii ill tii f oinkeys
receiving the lyophilized anftigeI ov'er those animals reveiviiig the fresli aitigeni. 
This confirms our eail iet' finding (,SelenliI vt al.. 1975) that P. knowle. i antigei 
cali he Iyophilized an1d still retain its pot (.Ptie (I ities. 

HematolojiraI Shidi'.. Most of tle vac.ilnlt ed imiials that rec'overed from 
tilt- P. kitwle.vi infection (20, 21, 22, 27. 29. 330. 33. :34 and :15) h1(d a drop in RB1' 
and P('V values, whici mally l(, duI to t1 low patent P. kowh.,i infection oil. 
served in thes( animals. This ide is suppi rt I yitmonkes' 261, 28 and 30. which 
hadino or extviettwly low plarasitenill and itd (drop ill RB( and1111Wt . slight 
PV values. 

Any effect (f tih' P. knowe'i antigen its fll inllll.l.r of aiimiin t(-i beIIe1.d outby the((llss-,rvatioll that after thev second vilev'iilion tilt hh.m l ('-Jl, r 'ilailed 
normal unltil th llmlkleys were ehltIleniged wil h pa rasit ize~d hh141)I (Taleh 4). I f the. 
alltigetn was Cilllsillig till ill ilitl ti l I'('spllilmls ledtuli' of R I t.li liinint i ll,l (d 

the s!e(oild injeetlio (if the antigen shollhl 
 hitig ablt an ilital iestil, r's))IliS(resulting ill lRB( dheslriltion. Adhditional ev'iden.e thal tlht- antige'n preparation 

is 1iot (;IintIlliII ed wit hi1 hosd1 sitItiB'Iiti33lsl,' his iis,'in I I llrid ( .(.kwit If it11175). The po(ssileh contain atllion oif thel liilglliiv nilihtriiil %%itlh ( vi'l rocyl
al., 

lntigenill its aiilsi leen tsted int suhse(ltililt expitlsli lyl skin tslint g lie 
vicci ilit(I tolike's with nim'attnl Hliests W 1i I.I'tiillnsweregillihos. No ,p(Isitiv 
e'ver observdl'(( itl t hisl test site (unliuhli, hed oblervl ionsli,). 

S!kinl Test.tll Fronm the macrol'l- aind Iliilelllivrse p , llhO) l'viitiolll,, . lt-Iv cion 

observed ini 11 or the 18 va(ciniltd 1i,nn1s is pit inl' li &.31i'l i, lper.td h.Vl 

slisitivil I'I'll etionl This eotlihlsilin is I tilt fllllwiig i'sulits: I) l'hlt
bawit5(dI l 
kinetic of the I'espoiiise is sitili' to thilit (f i tt.'picil del'l l les ' it ii t tlhl'
 
telteting sites reach maxitlun it
li i size 24 Ii iainI rlei nhlliti I ii llisitil 48 I. 
Thterealft'r, there is it d(cretsen ll'the size if tilt' I' t ii 1 i v'i is inillil tlii 
tit 72 It. 2) ill' n i tinl'elil c lls wI,'i, present lit itt i eict iill si i ' liuii lolyV
nonp eltirIc' l'tukocvt5is ill 3) The goliss Xialilnillitiiill 4)f til * eIli -ti ii' 'vveilled

1lio04ty indurtlion with llille (If'Vllill bill n Il 'elilia. 
This dehayed skill resplllsi Colrre~lated w'lwiltli h (h'hII inllhilt. da f deh, 

of those Vivciai titiloi1(33nkeys th iatlectii it'll ' itoifectlolii lig. I). IliweVe',uccutlhe 
we coluld n1ot (h(t,i(,t it signiificanti corelat'llionl hb'lwieill il' size (if I~h'skill responselll~ 

a(nof those siurviving thel(i(tg e itn th li1,ak p irasihmini id'ti.iI l) v hese aiii
mals. 'le faict tiit SOlil' (if the vacelled liaiti i i lll' iiiI to tle iifetilni 
could he (ill(' to t(' high ;hiltll('eng dose 111(1 in tlse xl'iiits (2.5 . 105). 

The proective inineine, It soe aginst hinllhis rep its lilts ilt blltisil.factorily ehicidahmd. However, it s;inis thatl this I',sl~ls,, is not~ 'xclusively 
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hiiini ral nol' ular.Tie flet thai most ltiestis ilion keys showing delayed derml 

hIipltrsenlsitivity agailist a IVophilized 1P.knoulesi antigen were proteeted (cither 
4IIrv ived or show"d a significant delay in the day of dent-h) teinds to support the 
ilh,.that cell mediated iniliity (('I) is lilimportant part of this proteetive 
iIllIll'lliv'
re ,;II1spnse 

iinimals that did nol i lit 

I'. knoblv'si ait igci (,,I)9 11( 29)) tilt([ active tuierculosis (TahhC 2). (utaneous
 
lirgy Ii sievral anligens has htev prviously reported ill paitients witi TB
 
KI|lit ali Schwartz. I 1(17). re pIssilhilits' Cutaneous 


hiI vainiiatei react to tice rae ai'iI injection of 

Tht'rlflle. tie tIitt allergy
 
.aveII a role in thIn' re of these 11n1iI he
nega tiv l'stsi maIs Cannot ruled out. 

I('i' ly , Itliazlz-M1alik (19)73) ripirted that l/cobacterium tuberculo.i, infee
in iieii.sid tic resistance of ilesus loiwnkeys to iaaii. Iiese investigators 
sllcd th t Rhesiis mioilkvs gItria TB infccti n hi sorive a p,'iialy 
i'tittiingi' wit I P. cynomotli whili ille'll noli-'I'B ciiitotls died of tlie in
filv1i,1. Similar grlpsi f iloilikeys chalin ged witli '. ini also demonstratled 
so1101 resistanci of T13 positiveI oiiiiiNys over on-11- ('lcontlts.Wt\'ln 'I'B positive 
tih('5ss were (l1th gi'i wit h i'. f.1lO0i',('si lit )'1 differec'e was lbse'ved whenlitiI it 

Ml i ti-d
to TB ieghitive controls. Ttie availabit data from Ireind et al. (111)4)
TB'll Rh1esus clilhlviged Ito apparent diffe,'enepositive wit h P. 1'.11.',.4'shows 

hetmll(tsc linkcys 1n( 'I' negative ai1ls. Thc ii'sci' if TB dtiNlnit, 

itl( of i'. 
immullized wilh fo1r1 alii-kllhd P.kn olesi (Frindt al.. 1945). Inthe present 
s lud v,\we found It( diffvrence ill the ouitcoime of P. k'.ow'he.i infiection illRhelsus 

apperlll ti influence olit(li knol'c.i infictill ill animials that had teen 

i11iukeys regardless of ilh p' ii'seaisie' of '113.li 
.-Inligtenic .1Inuo.i4. 'T'he ioc ntulrei igen il ol)i'iviical of tht' prtecive at 

P./,'/eolhsi pill'tIIlaions is as 'yet uncertain. Tllh Itiia aysis if this preparation 
(Talite 5) rvei'als that tINA is pirseilt. This illiei(uicid is iaipati, of ilitll.ing an 
inilne r'sphaisi' (Sinith lild Biglcy. 1972: Nciturgr et al.. 1973). Ribsomal 
\'ia.viles against .1/. Ilubc Idos is (Vot iiiaiis alnd Vouianis. t196.5). Salmoncl/ah t/phi
.,.rium (.Johnson, 19)72). Trichomonas m/us (Oka, 19617), Leishimainj enritii 
(lV,,v;tollI111lnuiv. I1971 ) have hwell successful11n)d ill pr'otecting the vxpu,'illentlal 

animls agailst t he infiectiv' agent.
Althoulgh the RNA found ill ()Il immunizing niateril vmld he ilhe protective 

loiligil. itehtrll niirogajpis show itii' antigeli to consist mostly of iiremgntarly 
ihapidvesidh-s limited ,y litnielhiatis ('iinpeert . .oT/, hI'lilpresence of 

IM I athe 1 practivallyv ruled oit by tihti stiudies of Beckwith 1t1).hsii'. een t 
(1117i)iht failed t detct phsphiitidylsvii e ionth ntigen preparation.
11Iph,l~ipid is presenit ill RB( Invihran, w; "2"214"o of thill, al phospholilpid 
,',11111.1. howev'er. it is practivally abse.nt illthl(P. b',mr'h,.i Invlhraliv (Rock 
v! I., 19171). It is of interest to point oul that I ,'v phiflizatioll of ilembl iv~s 

IIll;t~llrenfrnlinand. Ihnehti mu lenivily hy altering immuno
I...i,.All,vlil'e site;., whie c anlo be r-esto"red Iy*V hYdralii ,n (Nowvotny, 19172). 
i'll., prl-eviti\'e iIIIIIIIII~vl n ight be,a ine IlhrilM,VOM ponvil! wilose key ant igeniv 

Ill.f -rinfllils Iliv 1:I lyophilizatioll.n-! affiected ' 
I!is thiissitit vhairing the dos' ised ili the skin testing nt of witigen 

'. I.ti Iiwin the dose of parasites used fur ill thlenge, tii' delayed dermal 
.I 11 11silt i'i ition isllied ill this work could 11 todlielt, effeetive 

I,,I,,\IluIIIing the(immune111 state, of vil.vinated mlonlkeys. These re(sllts4
providh,
 



41 )elayed Hypersensitivity inMonlkeys 111110unized igainst I'. knou'legi 

additional indirect evidence to suIpo't tlie ideaI of involvemIeIit of the ('MIl system 
il protection against maitlaria. Other (orrelates of (CMI lied to he investigated in 

order to confirm and exlpand our results. 
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