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EVALUATION OF THE INDIP).'" M,"O.,.,I.GGLL IATION TLST FOl MAT.AIIA 1 

I, Introduct ion 

Stein k Dcsowitz (1g(.I dosrn-iL d an indirect haemafcltutination (IL1A) test utilizing 
formalin and tarnic acid tr -aed sheep r.d "l sl, ensitizvd wita; ani iens from 
P1 srod iu;, o.'no:'lm)zi fnd V. coattneyv. "'iilis ioqt was sit'scquontly used in a fiold stud:v of 
r.altria in.:.,nity i A,\ustraiiij . ,:'uiinea . t ,. Samo, 1 . Bray & El-Nahal&:csoC .:,:' (i19-36 
roported (i t fiul 11ir.s %,i th tIis :(st svstt., :.nd r cc',mendt:.d :, toc'r..icqio using fresh st"<rp rcd 
cells trea'ted with tannic .cid. '.!ahonev ct .i0. (196i) Iractinnat.d antigens prepared from, 
the p asTW:- ia of P. knowlesi fI,- 1.si nj di srupt tor o f the ;'r-sites in a French press. Thc. 
found ant.:, .r.s active in IlA tesnts in b..th the supr.rnatarit and the residue after contrifu :ation 
at 125 000 c for 90 minutes. 

Since the 1lIA test has proven to hc useful in sero-epidcmiolo-ic studies on toxoplasmosis 
(Walls cc al., 1967; '.'alls .' gan, 1967) and n-ther parasitic ,liscases (rkuadrado & Kazan, 
1967), an attenpt was made to standardize and (valuate an IlMA test for malaria. Such a test 
might be employed as a supp!,:ment to th:. furi.se,.nt tttilod,Lest for diagnrs it ,mrp.c-st . 
and may be i'qful in stud,.ing the cptdemac1*z. of oil&Ls iia. 

2. Mater'ials and methods 

Antigen preparation. Splc.necto.ized rhesus monkeys were infected with the Anopheles 
.hackeri strain of P. know.isi by bloid transfer. The animals were amaesthetized and 

exsanguinated when ICF- or more of their red blood cells .crttaintd iattare schizonts. ither 
heparin or sodium citrate was used as an anticoagulant. All further procedures were carried 
out at 4C. 

The blood cells were washed threr tir.ies in 10 volum6s of O.83'. saline solution by 
centrifuging at 1100 g for five minu:,-.s, and lvsmd n: addintg, at least 10 volunrx,, of distilled 
water. After centrifuration at 3000 a for five minutes. the solinent consisted of plasmoclia, 
leukocyte nuclei, and sotmn rid it.l r.:. ' i iun:'t ho .;odim,'nt three Liff.US wLth salif-ne 
soI ution faciitated ren.-:al of mos I of tiho fCf fv whit. t rt'rva . Tihtu final sediment wab 
stored at -iO'C before further proc,-'ing. l.:od from a 3-ic tonikon could ho proces,,,l m 
four hours to yield 5-20 ml of plns;,,di ai sordi :ent. 

Prepared t)y Irvintz G. IKarian and ',Val ace '.. Notors, if, National C'onruni|vable lVi '.ds(, 

Conter, fluroatu of Disease.. Prev-ention and V',vironm,,tiftil Control, 'lbui c loai th :-rvi cC, (Ini t, c 
States Doprurtmont of Health. lMucation and W" fare *tlant a, Georgi.,. 3333, 'niti'd St ,.!; of 
Aino r t r.a . 
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i"o:rru, lher prparn, ion, I h. Ipl.nIlod Ltawere thawod in topid wittor, placed In a cooled 

ant igen d I ent 'oquaI o°Itilmes if 1':NaC I and NI'1 5 
rrnc lIi I)r<'tsstIro cll , and tw., vol ufms of 

2 

1.. 1..was "iv, '.,l otiioratlcd ,it 20i ('.K) is ijirl
11114.41111 . 0 t!.liI t ; 1itd 

evl1 lth. final voliine to fou r 
I.14ll( kl 'c:I" I Antige.,i US;tttd Iu l r'r1s5iti tht Iro ghihl. 

was centrifuged atti:rs I.i volui'e of th('i 	 lasmiidial sdiiln , t, "i d isriip ted ma e'ial 


I'1" r' was tall to pink in colotur and opalescr'nt; the

i.u ,i. for 15 itills. 


aiu u.h#iwas hi ,''k ai';I!.in v).'u,';ist r.ala'ia ,''nt inil aimrplhols duaris. The
.(i *4'0 pl 

lised is suchli. or diluited wi th antigen diltiont
uquitatrlilant was ceIitti'red undiluttd ani1 tien and 


when titrationl tCsts slov.(d i.1!tl. dilution was co:ilpatible with suitahle cell sensitivity,
 

anti ~en wus slo'f.d ,it-70)'C,Th iinidi Itited 

'.rotip 1 tlnd , clther 'lfresh or stored lot loss 	 than 21 days in
•'Irst 	 procdurr.,, Ilutar 

at 'I (:, ,as wishe-d three times with phosphate buffered saline solution
arid citrate d.t'ose 

" p11 7.2 . The huffy coat was0i.-;5- NaI ard '.1 I5 phosidiDtt thutfc.r at(I ±-equaI vol twias ofi 

ItS, and an eqlal volime. of


diiscard'd. 'lh, Cr ': nor : t0 we,':',2stispoendd in .10' 	vol tres of 

mixture was incubated for 15 minutes in) an
1:20 	COO (w v) taniuic acid in PBS was added. 'Ih-

1!:5, thp vells were ready for sensitizing.io hWiith. Aft r the\ -ere %:asne'Ji;.i cc with 

The packod tannod vells were sensitized by' addin five voluimrs of antigen, mixing and 
-


To nras, nonspecific nvlui-inatition, an eqtial volumeinculat in;: r..Ir1..:.nrc. at *'. .
 

incui)ated for an

of PUIS with 5" ioi'ial raW:tr, sr.m ,(N* 7;;was added, and this mixture was 

Aft-r one wash in PI.3iat pl 7.2 eontainint; VI XRS, the cells were 
additior al five millutes. 


umoS of this sol ni ion and Used immediatel y. Cells with 110 GOO
siuspondrd in 50 %'CLI 


useful for cr:e tu.;ek if stored at I C. Stored cells wre re-suspended in

nerthiolate wore 

fresh PIS with I before us'. 

2 	 Each well first recelvpd
12 array of wells were used.
Plastic plates with an 8 x 

r,.m, dilutiti; loop filled with test.forul was placed in0.05 II uf, V ;,, wit, V. 


scrum was serially diluted in a doubi1n , step-wise inqner,the first well in each row. and the 

lbginning with a 	1:2 dilution.
 

During agitation, 0.025 mil of the 27 sensitized cell suspension was dropped into each 

sera were titrated each day. The completed test 
test well. Positive i,tnd rucizativ'e control 


was read 15 to 90 r.ntites later. A snooth mat of agglutinated ctlls, it 21- reading according
 

a posittive reaction. In order to dOLect nonspecific
to Stavitsky '1954 was considerod 


positive sara were. testfd with a 27, suspension of tanned red blood
ag8glutination reactions, 

cells sonsitizod with 5: 	MIS. 

Sera titratod. 	 To evaluate the test for specificity. sera from 61 residents of 

St Iawronce Island, Alaska, 11 chronic tuberculosis patients from Atlanta, Georgia, and 43 

syphilis patients from throtiihotit the United States of America were assumed to he from
 

tested. The
mnalaria-freo are:Is. A parasi tolon diu;:iostlc hat tr~rv of 1436 sera was also 

s. 	 ra contati nd 12 si: ,.;:rils A1' tIlnt 1ons t , i to to s,'rol,.gically I -wSipivt for echinneoefcosis, 

diseases, or else negativefilainasis, schistosonilasis, trichiinosis or otler non-malarious 


for all thesro disc;is's.
 

I Amorlran Instrument Company Inc., Silvor Spring, Maryland. 

(Cooke !Fnginv-r.'v'I Ct ,ii_':uni,', Alexandria. Virrinia. 
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To evaluate the test for Sunsitivity, sera asstim,.d to contain antibhody to malaria wet,) 

taken from patients with lood-film-proven inrections. Spra from 17 vases of P. fal ciip-arll 

infection primnrily rpresetti ed United States citiT.ns whko contrac ted malaria in a cohntry 

with knowni endemic rattaria. The sere from 3130prsons with P. vivax infection were cotll.otid 

in a hyperendomic focus of malaria in lhonduras, 

To evaluate the test for sero-epidnmiologic studies, 10 95(; sertm specimens representinv 

collections from nil itar. recruits in the United Statfes (Paul a at ., 196,1), IC'azil (Florcy 

eta[,, 1I7), Colombia and Argentina wore evaluat.d. In addition, sera elut d from filter. 

paper were studied to evaluate this technique for use in field studios. 

3. Rsu Its 

Factors influonc i ,nthe test, Sinan the sensitivity, specificity and reproducihility 

of the IllA test for malaria apprearod equivocal from an earlir-r report (Bray & FI-Nahal, 19,63), 

preliminary studies were carricd out to characterize the variables which influenced the test. 

Conditions havinit an insignificunt effect on the sonsitivity of fie test wore splenoctomy of 

the monkey, contamination of the antigen with host components, prW.ssure of the French press, 

centrifu.p speed, P11 ostiaolarity, tannic acid concentration, temperature and pli during 

sensitization of the cells. 

Collins et al. (19-15) previously reported that rhesus monkeys received in the Uni ted 

States of America for medical research may have had prior experience with malaria. They 

found that 65 of the rhesus iionltes received from New elhi had sera reactive in the IF.\ 

test when tested with several different simian malaria antigens. W. have found that over 

5M' of our monkeys from the same source had sera reactive by lIL. tsing P. knowl,.si irt it, -ns. 

This prior experience and, at times, partial i.mutni ty h heon rr.esponsihluh Lilhave fL,r 

predictable infections in experimentally induced malaria. For aritigen production, all monkeys 

were splenectomized prior to infection. The use of splenectomized animals made the coursce 

of infection more predictable. 

Tile plasmodial preparation, prior to disruption in the French press, contained white 

blood cell nuclei and some red cell stroma as well as unknow-n quanilities of adsorbhrd host 

elements. These antirenic materials have not appeared to affect the specificity of the 

test, but further delineation of their influence awaits tile production of a purer pru-)aration. 

Antigen extractionl from the whole plasmodia was carried out in a cooled French press at 
2
20 000 lbs/in (1,100 kg/cm"2 ). e'ofound the antigen to he isolttl iti the lilA test when 

produced at lower pr,.ssures, hut felt that the hest yield was obtained at the maximal pressure. 

The disrupted material was -entrifuged with forces varying from :IRO() g to '18 000 p without 

affecting the activity of the final produict. 

The PItS used as buffer had all osmola rty of 228 mill tonmol'.s. Another formula of PIts 

with 308 milliosri.-I'e of solutt did niot gre.atly alter the sensitivity of the test. Ill 

agreement with Shioiri (196,1), wo found that the concentration of Iannii' acid e.,tll I,-.widely 

varied, but that 1-20 (100 as useod above was tho,most offi,-t y , oiur anti gen proirz'lloItn w s 

effective in sons!ti .inrig tanned red cells %hen incutlated tt 37 , 22' 'or 4'C withi iii the pll 

range 5.6 to 7.2.
 

Several variables must he controlled for standardization )I this techniqti,. Thoise 

included c(ntrolling thr' slag, of parasite' trepi red for anti ran, pih. icalei arar-teristios of 

antigen storatre, :;pe ,.i.s rio(I ilood tI hei ,)f reils, temporattir,, of Itnanning red cells. anti 

osmolarity of the ra fi '( di ltIvat. 

The activity of anttI ;;nis from P, knrwltsi varied accordingI i the stage at whirlh 11-v 

Ili'h 'ro ,lc' wilh II n I ro s P. 

Could be ,xtractod Itom sov-.rai stages of the ory throcyti rc ycle,. 

were itarv stell. Awll I e %,Wt| w r ltvt', s ' I ll I'iraI i l,'illliO to wl'. I 

http:knowl,.si
http:citiT.ns
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parci .1 

Antigesis havin;: th(, great;enI fo--roo of cross reactivity wilh s era from e ther l'iriialri 

malaria int'in: flits w,-rp ivr.sL, n itn il :reasing, concentrtLtions aii tie parus it i- b antio more 

ma I ure . lhes,. ani i._.nlS :ivr- H, ? C:t(I :, j11tdi Is in) our InaIorfttorv jrf:arist Lh, foll ov'in, 

spci,.s of primalf(, r:alaria: I I'. ,i ,n:.r.xl, i'. i, 1). ,.ldi, P. I: .wlesi,P._ rio:. 
j) , ibra i iiit il, P. ", ar' ptnd .' . 'ii.., P, vtv-, i'. l r, ;iciparuim. 

von liature 

and of yountl ri rin.s, V1'uilldI -(- d II u T lI 211 t inris and s till Wl, a i n P:;cimal snsi ti~at ifi of 

tanlled cells. !roprations if ' sta-xes wore not as actve. The 1. kno'des i inl fect ins 

In the sp l ne . t o:,'tu: rI anI ir:,lIs ,'eoll, ' ,l v lr".r'Il pr'i SVltih ronInuslv and rpo(luired ht.r 'r'stiii withiLi 

a .cr tical two-hour per t d to y ir.Id ihe h jiglt quality of i'-lparat ilon. 

The bust prc-par.' tl:l :ti5.le idr:i( tI,h l 1 et ining aiti equal nutlhor of s:lizoihtS 

The act i vr. of P ..nIr.s i worer quite lai l Plas:iodia stor-d at -70'C sho'.ledznt i!*etis .

a gradual loss in ah. - a tj'' -.- tv(r E Ihir(.*o-:lionil, period. 1isrup t.d pl asmodia sorod 

ill antigen diluilt at -7iC lost ;t,. ivity in two uteks. ;;hen stored at )(, the ,lisrutipled 

preparation was inartivatc-d inL thrre(, days. • Once adsorbd rin to rod rells and wasl.,d free 

of other plasmod in cons-t titt-rt.s, the an.i .gr/'Is appeared to remain stable until conlaniratl lo 

occurred or the r'll s spon anemslI a l,Li. inated. 

The us-e cf human Arotl) 0 or rhesus monkv ervthroc.vtes illprovoil the reliability of 

sens Itiza Lon.(Ak.-re Sra tecstedcr! with r.d co ils from tho stain ,-s . R-tabbit and sheep 

celis have oecasionallv .en sensitized to a de4r..o that i.quals hItnan cell sensitization, :,u 

have been loss reliable. Hllinall ,-11O1p () coils f ro::! five different donors have been Of OqUal 

qualIit v. I'llos which wr, dr.vm iunite tie donor was fasting ,nd wre stored in ACD have ori-n 

least fragile, r'onfirniin- the report of Indeglia et al. (19137). 

A water hath at I'C %as nce-ssary for adtrqualo tanninl of colls. A 37'C water hath 

did not promoto red blood cr-I1 coanges that aloIwec sufficient adsorption of the malaria 

antigens.
 

The antif.;en diluetnl, found c ffecti-'e for otainin ., maximum sresitiviity of human 0 cells, 

tanned at ,1 , was 2:". aCl v,i h phosphate bu'frer. t'so of this diluent was nol essential 

during di srujili-it of thi pliasmodia. The sensitization of red colls with a weak antigen 

was cnianaer-d , i ., ii, iIO .n 2- "OIcl l-i-at iO Ars US(A I Fablo 1).v-1rn t ,l,, .: 

Conconrtra uious of 3. P- 2aI or -reater led to sp,)ntaious agglutinuation of the red blood cells. 

Sensitization of rId crlls witlh a 2" NaC] anti 'on solution was chosen to increase sensitivity 

without risk of I rqtutnt. s.pin tanoilus ag;lutination. Concentrated solLtions of anti.-en have 

adequately sc-itsitizi-d n-ells isiig in antigen di luent with 0.5 ; NaCI. 

Test r,.pros- i i i I%. In an ova Iua t font of ti tirc- rk-cprodtci hili ty , 30 sera wore ti tra ted 

as bli nd ilil;Iv.,its six iii.s "I'al I, 2). As -x.-l.€ted, tli.sts pelr-l- r l d on the sanmr day lisinf" 

thc: same lol of vell;. bald t!, ., I cost variati on in results. One doti-mit nation dif fered fromt 

its dupilicuto by, ollie dilitiL on ll" less 90 of the time and by two dlilutionis or loss '15" of 

thei t iltl,., iWtpriiiihiii thin 5or-1'u ut lois I,e- %%hen djffei,-r-ntiviilar t t im c-ould li l obtainod 

lots of clll ,.' x'- US"d O'1 di I fea-u'lt days if t!e t rirs -Wr-and.pist-l.1 i t :c-r.vnf: the rt;.,-t Ithi 

of the Jiosiik ' 'Ck.ill•Ou ,I-ia . Similar resulIts were also i ,alied with (.Iforent ti,-cbniiciatl.s 

and tilffrrint tr-iL r,r',-rs, 

rr,si -sti- ' , i To , tLiI 1ta :riostir SjL'nitiflCre.,i¢ tit '-,,, i cii-. .I, i Io I t-aluate l (,f 


aritloris -iotjpi ill! h., ,..i Ic st . i. i itres of 1:1; aind z,':-atfei r un'e ci'ii (O t ) iii
lilie:tili:Jn 


,ssittinel to lr it, . . a ih h)t a. :a fit 'ho p. l:lsi lto u;y (11": "Ii'. Ii
t-C, .. ,il ,in ., t 

battiory, I see. wi it!Ia t ui ,of I: 1ui -r .,reater ( ') n.tiy ri-o-lltit tl-l'- posit vtfS ,.(-:lilso thel..
 
, 


w..r, (.( loct¢-,d fr'i lu1ivi! ,' ith ihhf-ctiotti Iroi UrLVr S Wi eIC il- ai 'l, rvd Io ¢.ii!,,hni , 

. In -- I t . i a i: !ri-ta r i L1 - dT Sot I i fi ra--ll ,;t i)fii-t ;i lIt.: i),a ddi; IId Ib i-lonr " r . iolt , c -i, i ,I t
 

i(.nol li -, an of P; i ator co ,zi ;t I.i L., I ' root-It out (r;ie
lt-i of wtr li i 1i1- I: or t was i ,ror . I 

Flri %WVr'e-col lc-cl.I id -tdIrod a 1 -20 C wi hout a clhatige if Li t- o r ii 12-1ilIuttii Lioii'ild. 



ii m 4,"p'.. s'u'riI:!, . ' JJroI 'ilar'.' r.',i IIs :cnsorn if II.1 . I r- I, If I It r r-- Ipv-,r ai. I'p, 'I 

II r I I;t h,),rio I .. ;. vilI: t ' 'd 1' ntf: ft' . ili i ',:t ("A 0 .1 
't-

i r'. :r: (1r,.d t111 :011' 11. 1 tl' vl % 

f iI ter-;,alp r ' . I co:''.' ':l )' I so ItSI I!,Is III,- .li, I .,I) of ,, c".to 'Id ( i 1 C ;trid ;fill h ' ! I 

rli., t o'"illI I q i ' was. f",.ia ILil I I ! 1; so% 1. iii I'I I 1'.-I%1 f 1 ; IiN.,, ( c*iU 'S. - It; Ic.lul !:illtl1 VrV 111.I ." 

!, tIitatl O Ipletr '"s .atualw'-d y te %tic- (AlI..1. SIj ivii liils ill parul 1e'I with Soru"' spec'. , '.s. 

Dtesi palr l (ch-Irnct, r ;'." .s If'potI ar;: 	 ror this puirp,..; w,'rc consis ,-rocl to I.
-

sullficCi t Itfi'lniss ofI i! I . - i I .. 7 x 7 ,6 C:U) r.I.:in.J[,.e to a l,4,.' stora-:r, UIv a mi :ri ,! ': 

slii. low, ,-a orpti. li U t. i l ,Y .'2t II 11 in a 1 I-;: i irc:I', Ior rroI._.:Ir t.;sts, i l t ,'r:t 

atid In rI.titscs In r- I at jun to t!:'., ilod 
] sp, ci :In!l and I.ts vIout I n, aval lab 0 1 1y anid l.ow ."SL 

Trt( fitI I.r-p:',:r I 'P\A('A 11021 I.(;:,18, I ':l.;.ster 1. ''pf,cjulV, [:rclios' 'r, ".IILi an ,.if', 

most most t'.,so S in s T.n (5.. =0 soits, n'", ;oof rvcrlxr':r.ft ,ns iure.ased 2, 2(-2i =R :: u 

I x (2.. x 7. c:'i) r'.ct .t i;]es. and i..pr nted with c .:S, ;:rli d3-in . I -'.,o 'I ,nch 1I in :..'rr. 

For fIr.Id s'.id I.s, t i.I.tcIr-a:ii.'r rn.-t anz.IIns 'iP) wore, retur.l to th, lia:;ii s(tC 

latorator i n plastic !,a.s with ;lIassi:. intorI ave. tind a du.ssic'nnt. 

The blood -xis co II:'t r d 1v placs', thne i-1Pk on Iop of Lhr. 1,lrdic. poin t v, i tI the viirerf 

uppev.:,)sc, a IIc i I; t he tI-)d 1o ! o,1k I !' te1h p r and I tit ho 'rI relr,. .'.l)%'rc I at Iv 

0.1-I i of tI:rr',r.. (Irops I cceo to tr,ta nit II'.1 ng 1.1. 71 .oI ! l.,a, wuns ssarv sa iI. n "mIrC!,. . gI 

"p c of IH. pM.er anibi cot alwrittrn on, cim ' the l e was drLtrd at a.pc'ra tO t U'res t!and k.-i as 

cold and dry as possiblen. 

In thc laborator'. a !havd-o-lportf( d pap,.r , mrch 113 ?2-r ill.7 mm) si:2Io ho. fl2Vi'. , 

"Pet" No. 5. lilson TM-ns Co., Chij,-t;-o. llinois' -,vas usod to rt,,r'v a 13 32-In (11.7 r n) diC 

from within tei fill.d Ai rt-le . The disc was I,'.r.srd in 0.2 :I )I phuspl.atr, I fercOr Iir:' 

solution (!h:S) ;,: ti- 1,'.¢' . " . . ..... ,i . ,.., , ic'u. ii.. Iisc t ",s 

with a rod. rolltiz lt it rod o'or tl, hi-,- to ,.:pr-( s. ls. 2 of the e lc te. A~,: r -:.:irat.I 

O.l'l rl of .lale could ic oitaiiied in :Iiis c : cc,:ItrifuLatLin nf th. disc at I(' for 

10 l.iinluteS on top of a short sf._-cent of plastic tiiii:, aLiowcd rovory of 0.17 fill of ,Iuate. 

It may no used imodiatol,0 ur store'd at -20C. 

Seventcen sr-. wre tc.n;tr.d in parallel with the C'luates fr~i:, IP sp('cirmc-ns that I.r '-f,. 

stored at -2() C. the se.ra v..r- Tinsit . '.e thiree tw.-fo1d (ll( ins high.r tkin thre Ull.t S. 

This intlicaticd that t, r~cu,-to was r'q-l.. to a I Q Al. li'tinn 0 In r:icrof.acmauol ,"'um. a .'lIutic

ation titratinn of filtcr.-paper r lcates, the frst uepI uf th- dlnst ic plate old ronw;.in a 

1:16 di lution. The relproduni hi!tv of the liA tpst was iot altered when eluate's worf .-ado 

from FPli that wore stored at -20 C. 

When 	 FPl mand sera were stored at ., 2.1' or IO'C in a dry atviosphsrer, for 13 days, or at. 

lr:f urdi Ity plartrilly activit.':lW C with I for 1I0.'-, davs, lboth sprmcitnei lust th,-i r antibody 

The. liitor-t:.crr.r eluato (if ti, ai,,vo sp, i r.*zis varlied fromi a 1:11 to it 1:22 ciilutionl of S,_'ru 

IS ('umplptr l 1o 1 :8 it) ti,'- ''Z(.n spe i m:.[is. 

Tho cuse or i'PIt to ab. orl) vapi I l. l,-,,d :;l'cat lv si',pli ',,s the coll.,ct ion cf blf't.f! 

specimen, in lho fivld. "thns. dried Sotprcieis cll tI l'k Ii,#c ship,,c It- t Cr-aSii d Lntal 

la ,Ol 'a r'. u, test ink:, ,Inil, 1"3 32-i 111.7 :il disc: 111, yi,id sit I iiclt .nt i f "til ,r 

to ttir(c-t to. ts hdi'il.lhi il li . ,li1',,fI ::32. It1 I.. sirv, r *at11l.: iort loft C 

1.1 mlilllvI l(. i' ilnI 4 e llI t I; i ii l r - ', , . (.l to) 1.1i d dl.I. I cat ' : . i lli'tit v'olitr ill : ,(4. 

severai Il,'idr't.l f i ltI r--lap'r spur i moia-c, .tI. - iyI-sic te1s ted iII or' i *. I- )fill ! r chniilan. 

d .i .n. ,, i f i,,,rnil ,-rai I l.q¢ro -- il~ .IL .. _l~~l !.llir 4l-cti,,ils i:iilIflat-, t ur-,' . . 

['~'oll 	 ,.;~i ondtil ;v"7, ,, l' i Tat;,li -,ll "I% thl, els td l f., o wiI I1..-rI,i iIf.i , % 1 s lt 	 1 

rI', i 1 ri I IIIt ' i I II' I r Id fitnl '' -i' iii IIitt '. .r i'3l I t t., i-l tl it l tI 

o I 1'ltl .I I I i, ii IiaI i , I ,V I'I t,i fce"I; . I' Puil I t hit lri or tif" I'it i I, 1 1, 
l~llil1liii I .i Ifl i, l ,4h I -if t sitill V I 111n , 

http:ronw;.in
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nl|Jlarv rO,(:ru sS;. ra) p/en:i ol 	 a of 1:8 or igrea tor i:ofllsilr( d 
r 	 i . ic rpis"!3, LI tre aais 

Spo* t 10 s i 'r'joli v.IR I.%s.d onl . .q::r-nc disl riht ition plot. of the ti lr n 

IntI'p.h coilr lioll ;,q if! I . Bta ir'd oil 1this pr'cN.i sc, tfe folimloin prevalunre -)I 

pusitiv e reactor s MIS inI,.'r. , ' tiniitato n of ,\ or i ca 2) of 22:i7 (17.) SpoCi ncens IIIIVO 

Itr'afil 5554 of 2'I1 s:..er.:rm, 1'1 sl iV1e; .)omr1ia 629 uf 2: I. t21") sprc Ir.ons positivo; 

all( ,rgentLina 1 12 .)f :077 ( 1.6") c.p pusitive.(At:xens 

Distribuition ot posit i,.e r,.',vtors within rach (:Ih:it r 

United States of Ar.-.rica: Fi. 2 shows thie .,tales o1 the United States of Ame riea from 

which a serum spetc ;ion wit, a tI re of 1:8 or i;rector was outained. The distrit)ution apijtars 

randon, and no area had ;::or' iIt posit liv spcflmen.hti un(n 

Br'azIl : Fig. 3 shows the of pj.sitive mliiria in lrazil by Statcs.oral,.nee reactors 

F'ach dot repr' 'el: . 27 or fraction of 2" is itive of the r.imler of soera tested illeach area. 

States with no mrl: n..s wore tit), c a,:pl d than 2'1 sarip les). Fir. I pros.,it SadequatEl' 'Irss 

the prr,valence distrlhution tf malaria in I'razil Is determined bv artive surveillance in 

19(O3-1 9';. . Each dot rO!,.itse ts l P siti 'e slidr.s. Althuu40h the dots in rig:s 3 and ! 

represent different par,-,-tors, here is a ,:orrelation Ictwoete StaICs of high ar Ic , maltiria 

provalence.
 

Colombia: ri'. 5 represents the distribution of pos3itive ralaria reactors in Colombia. 

Only Stats wi ti 21 or more boea ar rpresctited. Fig. ,3represiots the geographic 

distrihution of maltarita as detc-.mi n'.,d hv surveillance ill 1966. The distribution within the 

country is sirilar lo t.oth m:ll -ds. 

Ar; ent ina: Fi. 7 represr-its the prevalenre of positive reactors in Argentina as 

determined lv the TI!A test. -i :,. 8 rrpresonts the prevalence of malaria in Argentina as 

determi nod fly both ao.tile and passive, surveill iance, 

Note the diserc.anrcips in results obtained hy the two methods. In Tuceuman we found 

28". of a sample of 50 sora ,-e -positive (1:9 or greater). ,e survo il]ance mochanisrm 

did not dot.Lt jnf ,e: dd l In Charo we oht .i ned !
"" 

pust t i rean lvi dulnIs. reactors; 

surve.illance d:: a shorws :J.' Il,)si livC. slides. This indicates that our sample of 38 sera may 

not be reprosen tative of thr ,tato. 

Serological testin;: revealed a high percentage of positive reactors in the area south 

of the endemic area ICordolia 9. :r Sanita Fe, '1.5*; Entre Ilioes, . R'; Mendoa, I -; 

San I a Lt is . 5 . This disv-rrp in:y !.,hot rl Ill, invest i a eod furthr-r. Althotih the sorolpin c 
"
 

prevalence of ril~arira In \n ;,lrt mainal nl Ii.s . the distl'l: ull uo those rractors indicaItes 

a much Liron der dist ributoll thanl 	 bclinod,:i~dIhr. iriradication programme, inis hy especially 


tla1 State' of ,!,,l'hma , anI ari.,a conllf l d to l. ll riu-fa'o.
 

4l D~i%clinsS I oil 

're*vi ous ly d, ni trl,.d I I.t%Is tis havy dr.onsI,rat rd a mudeorato de;reo of cross-react iv it v
 

betwir,'l hawa-i sir i:i:n -eI OWat' ftnlld atli;'li!s
anl pl ,'nod:a. P(.ii. 19,:1) l hat froill 

P. 	 :., I n,- r, a ti _: I ilr.( will. 1. i%. :\srru , lit a low titre willi P. floinlarltm s ra.
 

II reel '~ or, : i ! . '.; h ei. I . ii',l:x or f lnl ,,
;" Li :',, ., 	 ti,(-,': '.,,t ' r:tI titrv,' i u v 

¢ ir ".,ltl 'r I I ,,'ill rt in-l ?o . 11 ,)numi'\Iwv t f ul - I t:ril P " lo i ruI I., I ci 

lh,, ii[,,,(. ' uL'tlt lio l ; ii):1D l .9'i ,:..~i. 1 ,J l l I' iI a I" ;! i lcry, V,?'as ,1.ro.,d cI n.e-i 
% , , i,1, 11 l ,S .dj 	 vitV w 1llh IFfI't,'[| I 0-. 1411'l 1 S, , , , %;;J(v .111d [1 .m mI ti .l.' %#.ral 'ro! 

-: I;I 	 1 I I trift,-:l ti-'lhr l 'l r I I I '' , I :,.It IIII . h~il,511)l I.,, l 00 1111111"l1*1 l l~ l h 

"i4,d1llrovil Iit l (1 ,aII r;, lill,' illft'lIIilm. (l I'. lalllla'irc lum 11i chilic-iisl is s1,ahli- fl'l
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several m 'hs al 'if. ulotI'.t rtn i I.I%* teSt I F.A) an t i:ons a r : ti. I(.raS e.IIt t v s I r.l , 
.ms ears at -7C)-' and r.-:ezx ,'s htl,fr r o r , In 1 'ir rrich' e-trar:t if v... 1'. la.,

piasmol1a i a ,s(.n v,rv, lnt Il
i . . St ora_,, at -70 (' has t.,.,rsscntial. ;his la lit'." . 
sailg et, 
thetI''. ali "t.'. I.Iattit' ill t,.,'am11di Ltl,d pr'p;ia .i-mui r-satilt Ili *"lterati,:1 I". 

foCetlve o ti.Igetar. t'it('vrII\. pre.,.-r,.attion- hed to Io d elr, ,.d...


The Iia t esrt r i:I IA. ot .rta .'anta inn the crrolo.7.. el 1 .alaria. It Iequir.s fI t t It. 
t irae pea' t¢I-I : a tr-rhni'tc, WI'lrln.zwitn ,.nsi ti:'c.,l woi1s , in t trat . v r ,r0 s4wra ;."r d ,'hJ. ,,s f t,t !hor i,;n . V,-i(I v ti1. ,s r of aut0' .l-.d I N:i Itt jit...Ir.. 
 . i'., ant i..on rI'(, i r . :,It-:. 


Ilia is er.rtaila, n::ch hinoa r than ,'at of the 1: \ test, I. i tt ti 1 iz'.s SH Wiai, p se,,!Ia.
 
I:ach monhey can prvido saf{F lei &.ctn t nen for ?W:' CI ronlr it,. of than
trat ions t:.' , ;,:
 
scre n ing tests. "l*espr rara: ert
r , tics i.iake pOssalte tic ts,. )I t.e IIL-\test in st :zli,.s .
 

the s,|-op Ldctin iolo,., of t.ialaria,
 

The use of filt,-r-paprr for ihe colloe:tion of eapillr.rv tIlo., also extr-ris tho ais'-ti:. . 
of the IlIA lost l'or f'l.d stuffi cs. .(-ra catI lo".'d on filter-papor in tropical are.is ha'
[ion mailed to the UnIted -;taLe's aid have [r.it sicresslf, liy iirated for antilody. 

Thra ai,: of t Ill-1Ae pl-o;iet.:P has to aIen prov ide a sas live seroloo:ic tool th at t . 
used effl.ticely on a Irc-:d scal,., effic at.t. ith hi e.t , jin..xpr .sj vr!,].,X .:I a hi (!'. 'iv,.
 

of semsiti itty aid .- 'cifivity. Saul' a sorolo-:,i t 'st Clay ,o '. u,C'di aInci llar: t1:m.'! i,

the evalurt ion and 5,;';', I lance of malariz. eraitcat i n ;,ro2rr-s. ih los, Ias do ';'It d
 
In this maiaiscript is It ssitic'o 
 and spci ic. and it '...tw s thp crtri. for the snimv
 
of the prc alet:ce _t ':alarI L .:.t iod,. in a p.pitIat iol. 
 Th, f'ic lI evaluat iir, of this
 
tec ihnitoe rus.t h r -rno.
 w ",.r . I a s ittla ulti::,t 9i cs,

,t .,!c u Iul Io:u.s. Its !!..,Ss
 
aal-aria eradication en rits supporat a.,d c,1laboration in such ovalnation studie.
 

5. Sut arY 

An indi rct haomaz:_lutinatioa test for ma:laria 1.as ion ecvaltaat.d. AViti cen .Aasrrr.pir.¢
 
f'oim matrr schi zont.s Planlni rI "sa hats
of k,,.] ted from- ti blod f th rhesus : .:.k:'v
 
The plasmodia l from red
were fr.-(i ibca : is with distill,-] '..iatrr and then di rUp tr tIl ia
 
French 
 ItrOssure cell. .%2%Nnl extrae(t of the dJisrupte.d pl,.st,,oeJa %,.s used to sensit i..
 
tanned human grOup!L orythrocteyl.
 

This IlIA test tans dpt..+cted antihody titres of 1:16 or greater in 98- of slide-prven
 
cases of malaria anid in less tOin F of sofa from individuaals withouut a history of matiria.
 
The major problems it this trcihnique in'it'd harvostin:- the ,' sia..ir. 1-f A for
cr'lc plasm" t 

arltigco, ulasaam: 
 tic t'rcnrIa prtiir. ,.',11 iild st,,itirv; file ahilp disrUlate' pr,..par-itton.

Cortrol of thego vari' . htas i;id-ie
JIa'ilti, a tr.st Mhat en" d.t,'et antilwo aainst a
 
Spectruam 
 of pla.mIodia i:t,'itii' pritliate's WilhItaminimt',al t.peaada aiittn of inti rn. 

Evillul lion of thc tec,:tniaiuo Ior fitld studic-s itieatcs i.t l)las: a olc.d from fill.r 
paper rectangtles ar' suitaitl for titatiotn. 'This riot !,od req'all res 'ift! hr studv. 

Sero-clpid(-e!,:lo,a'aI (1(h5e sp.rt e"astVdi et; wih PI of iirliar'. r isscrufrt' four tr'iiltti,.s
 
In th. Ithe e,n aI.:vrst it th 1
l,,iclA-Lo'. t e II1\ t, st i.ic. I t' ta t al in v s taic. c, tfl.,
 

t;lllel,"m of Itineor'ol:a,'i .s tcotte''n tt. trev :'.aie t, ,,f
i,)oi7c ::i:taria t"l|:itl'a !lit. I.v, r' itd 
lier'jI- aa c:aI 1 mileids atafi , avtivc pas lfc :1. ,'andl C'. 'ill''.'I I t lc ,' lreleP' frrtliaer S thtlc aItd 
eva'1I t i anl 

AC ' :',', . 1I 'I'I, 


IUo wi It)t th,.( ati'lal \. I ri. I'"ft'ie lr tl l.a. i ,ciate i| c;arre all':oial 'o.,t 
illtccr.aIltlrV c,.cK1 . I \.c ''. tat at Ia.' Iii tI it. !C, C.'ll.aat* atei:' c, ti .%1 St'llt i; 
Si ll't' i:c tn"hl- . at l',ai ,iel ! .: ,tI I ri il the fI( llI. I,,'s, Ish e, i .h t V.[tlth '-i,'., 
i,l'iaa laal, , \' , l , |s'orai~lllItiia,,.etl'.I ;a j, Lite- Ir ,ei le,,,.:l aviiitillltoaty ru .i ri eli i. l ,, ,
 

- I 0d.
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T'i t rps 

__r__r._ -t. "I r,. v I. S 

1h0nan 0 ceIls, taitrd at ,1 

DiIlute ,,nti.:n in 7'. .",ai .. a i vo I :,; 1: 1( 1 0:0 

Diluto an! .(.n il (i.t ., l No,7,atJve 1 :321 :1,10 1: 12'0 

Dilute anti.:,' in I Naf I a c-I 1 :i 0 1 :s10 1 128 C' 

Dilute anti* n in. 1.3" Na(.I .- aivr, I : 2C 1 :512" 1 :512o 

TABLE 2. :,,tEF.M'NI OF DCPLIC.\rF 'I rxi ll.,. IF; A2 EV.AUVI('.% LF :10 Su:pA 

Xu;uIber I r f t. of (I.illl Ical P 
dIterImi:, di ff'-ring 

Test conditIons 
I ions by

of
 
duolicatr' I di lut ion 2 diluition1s 

doterminat ior, or less or Ic-ss 

Tests made ch t .-e Sate day using 330 c330 ff'"97
the saent lot ,f cells
 

Tests made on different days 
180 80 95'using the same lot :of cells 

Tests made on differeint dans 
using different lots, of cells 

T" sts nid', t, diff' ', 1; dilVs 
using nti fl(r',tl 191. ,1 (P1 Ilsu ig-1. d fot.11 ofc ls360 6 9": 93- .
 

but ac tc'd IC)
ljuis acdc'rIditl.. 

C o i itr(.r I s (.r; tr r uisI t ;
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Inclurh.-s ti,rr.': !Dsr-s 6f srhistosomia5si an~d
 

four c&sr.s (if filariasis.
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http:Viet-'.am


TABLE 5. TITRES OBTAINED VITII MILITAR" Rd.CRUIT SERA FOR MALARIA ,NTnIODY 

Country 0 2 ,1 8 I; 

711 

Ti trcs 

12 243 25; 512 1 2 " ', 1 
U; "4.e S'N as 

u! .'."c-er i(:aa 
2 2,-)3 7 7 13 

"2 ",.-j 
7 
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39 

93 
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27 12 H 

2 

2 

1 

Ar .tntira 2 877 5S . 1(i) 1' 301 1 2 
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lC 
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Fig. 2 

RECRUITSREACTORS IN UNITED STATES MILITARYTIE GEOGRAIPHIC DISTRIBUTION OF POSITIVE SEROLOGIC 
TEST WITH AN ANTIGEN

FOR NULARIA ANTIBODY AS DETERMINED 13Y THE PASSIVE MICIUO-I[AbEMAtLGGLUTINATI ON 

PREPARED FROI PliSMOD IIUM !CN(,W%,IJ.S I 
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Fig. 3 
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Fach dlot rolpi c.sonts 2,, (or fratction u~f 2--c) of Sera reactive 

In tho 11iA tu,,:t a-t n titre of'1:8 cur groatv:r. 

Only statt:.-S %.ithl2.4 or tm.)ro scl'it,'l' r-trj-(y, 

NO", pos t£w.. 
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TIM GEOGIAPIiIC l)TSTI rII'TIC', OF MiALAMA P: !RAZIL (Agi3- 16t) .S '.TERlMINID BY ACTIVE 

SGIVE I 1.L..M'
 

tion of V.) of po,,ive slid-- .* Each dot represents im (or fro 
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