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U.S. Army veterans who experienced clinical attacks of Plasmodium vivax malaria
 
at Ft. Bragg, North Carolina, were promotly given radi.al curative treatment.
 
Serum specimens were drawn from these men on four occasions: at diagnosis and
 
onset of treatment, and at 3 weeks, 7 months, and 12 months after the onset of
 
symptoms. For the first two time categories, the IFA and IHA titers were
 
similar for 79.3% and 92.1% of the sera, resrectively. In the 7-month and
 
12-month categories, however, the IHA titers were higher and present for longer

periods than the IFA titers. IHA titers from men who had experienced previous

attacks of malaria were significantly higher than those from men who had had no
 
previous attacks. The IFA-test titers did not show this difference.
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ABsTRCT: Titers of 226 .wruin specimens Iested ly ildircct-fhlure. ceiwi antibody O FVAand
hclihect-heifin;tL'lthi itin i IA Ie~ > for maiaria %'vre ciiriijiiied. Si.t'-ci"it 1'. S. Army 
veterans who exie riencerd cliii cal :ltack. of I'lz.moditl. 1,i'diiaiait lFt. IBragg, North 
Carolina. were promptly given radical cur:il ive Irealment. Serum lsrcimens were drawl from 
lhc.c men onl four c(iccasi.n : 1itdiagnosis and on set of Ircalnni.cll. at 3 weeks, 7 n ih..
and 12 montlis after fil on'el if sypitomsnl. I"or Ihe fir. t timei ailczorics. the IFVA and
INA liters %\ereshnihiir for 7'). aiid 02.11; of the .era, rco, cljv.t In tlit 7-rionllh and 
12-month ctiCgorit. hioc\vcr. tic JIIA illis wurc hiviher aiiid prvcnt for lonver lciiidi[ than 
the IVA tii IIM. I;tcis from men %%ho hail experienced jlreviius tt:itks of ial:iria were 
significaliily hihyi.i1,liin Iiuc fromti mliiillMh hid hi.d lit) tit icks. Tth, I FA-test 
titers did it %illo%%Ihis difference. 

(Alcceptled 6 Jily 1 070) 

The indirect-fltnrestent antibomly (IlA) iid were conill.mrahle. IHo\wever. some differences 
the iidireci-linimgglhtila tioni Ill.\) teqs have well also observed. We therefore ldaiined a coim. 
lien excelleiit for delcc lni malariii alitibody i ll:ariis i f lie IlIA and IFA tst toidefiie inore 
humni .'serumln.,- W1.lhh le( al. Ie.teil flile IM- v tclnilel" e dgnioslc 

course, dtveliij iiteit of aiti ibtlis in rits infect ed
 
with Pll. inodia iber.ci by IlIlA, IIA, and ihe MAiIlIAILS AND NITMISlll
 
soluhle-antig'ii Ilu ,>orcni-antiliily lest (SAVA).' 

their relali iac eft icienrcy, 

A hierv of 2.0 seruni ,ieciinlvis was collected
 
They reporticd that I1:\ andIl SAIA titers 
 were froi ( U. S'.A:iv slkliieis. veteriis from Viet
closely par:llel. lt Ihlt titers (if serum from mini. After retit .mllii Ii. Blmg. North Car
four rats tc:ted lby IIlA follo..ed :i hinodal curve. hina, these init exipritnlIte cliiiial attacks of 
Salln et al.. iliilig a 'li., lmdmlm falciparnoa malaria. Afieci examitiioilI in of Ithick and thil
 
Ivsate antigen, i'oiiiid the results 
 if IlIA aid tloid film, at Vii:ick Ariiy Iloital. 1:1. lragg.
 
SAI:A tests iin scruin froin holiliii voliliner, \ith Itl in feclinig :l wcies \:as dentifid ;a #9. 'it r
 
induced iilfctlilln, of PI'hzsandium ii'L-x (ir '. :nld the idettlif :iat n was confirmeid 
 iv the 
fjlciparum." They found that SAVA and IlIA Natioinal Mal:iria Rvpiihory. Center for Disease 
antibody curves tdo'twd alimiIt parll:ielll lin . ('ontrol Atlianta, (Gvirvia. Scrii !;:iiele. were 

(inuterotlusriil tca GI iS. Se Odi:ignois of malaria oitaiird fromni t li;iti..lilt oln four occaoiln.s: I) 
has leie periormd t1h both fillt II"A and IiIA 0 (o 14 dlys i ean, 4 (Liii after onset of
methods in onur laimoraitlries. (enerally, the reults s ilptois: 2) 15 to 60 d:iv' i iiiean, ?2 di'.) 

,after onset of synitito 31 : iibot 7 imiiiths aflter 
SThis sluit t lwOsh llby U. S.' \ia led ill tle oinset if syllplllos; :ind -0 aiout 1 year afterSate ID)cpa ri nenl A:ce)n ' for hlthllatiuitl I 0)ivr'o 0l.;(' . was- of symlitollni For 33 patits. tlii the 

mntii, Participat iii. Acetic- Service Agreement (PAS. irs) 
i ,Nl . RA (I I. ii-ii. nti iriil fir'm \tiih i'ilaiii; 35 lhil hid ine (or

f Para-ilub,, ) Sctlion, (olililical. liore. previoi, All Iiat inltsal iNuil atitacks in Viillailn .
Iisca e Ceiii ir, 1600 Clif Itn iatl, At liilta, GeortLi received sulpeirvied, radial. curati -e therapy.
.1013. big un the ditv lit' first selrim inlile was dra %n. 

SJ'1lail til of h'athloy ind ()icohwv, (oilhii t
of Mledicim,, U'ivr.it% (iI VHniii. Mcilical Alumni None had a clinical rclapv during the .'far after
Iuilding, 11Iiiii,.,toil, Vtrniolt 0101 niset ofii n s. 
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COMPIRISON (iF Till: IFA AND ltA TESTS ,FOR IAt.\A 7 

Coinfwrion hrt,.rrti antiida,ialpotii'e and negalivr IF.! and //.A trsIs in irra after the onsrt to!s.)ip
toit; of Plasnodium vivatx iifrclitt 4 

ltitr%al 
since ,mi- IFA -4 -- 4- .. fa
 

of .ympt, ', IlA + " iN,,
 

0-14 days. 46 (79.3) 4 (6.9) 6 (10.3) 2 (..5) 58 

15-60 days 58 (92.1) 1 (1.6) 4 ( 6.3) 0 (0) 63 

7 months 27 (40.3) 8 (11.9) 3 ( 4.5) 19 (4J.3) 7 

12 months 12 (31.6) 9 (23.7) 0 (0) 17 1..7) ), 

P 't ' lf iar r h t,', i t p . o:1 ,.. . 

'be indirect fluorescnt-antiliody test lir((e- offset of woilulom-. as u i by Ilt, ici,,tiir 
dure, using thick-swear antigens of P. -itix. %as me.an redlirocal titcrs 4(G.I R'I. II' v'cr. the 

that of Sul/cr ct al.' 'Jhm it- lir'c.-hit:iiuliitii:i- IiA -it In a at . e%%hlat.1 l (lect;, tll y 

tion It sv. perfornit'd %%ilh :I h-ate ,i 'lhm- hi'lhter .ev'l- thi1n ti. II T.cek-ur Ilift. 

iiodinint k -it;isi. a. ihst rilicd by Rtifvr: vt al." after u,,t Ti.k frind Iim,., (,re i t 
at 7 iIiltith" antmi i nwIl: llilti!ih (heI ftileli-et 

H VIAIS I yc.,r.R1.."S lperimto i 

Table I sh m\\.sthe d tltecti i i ate. .of thne1ItA t h r a.itii, i If' el- at,' 

. whI:mt% wvi iv tl-o ,f n a . ,vriI.feand MilAI s f for : ! fif,, \::r ' ;adL iIfercii t oitl,'I oifitt , 

w s bt.-t in iuic fir t Ivio g tfl . .i.i. I ,, . . U fa . I], .-t* s h

to 13 ovt had it-Iit it or n1" : tt. tk of il.tilali'ilietween I (0 (la%.v we.- I after (f ci d 

of : cnm dramis 7 antd 12Itprei,, I. id th,.,w Mwhf id never tXl1euit' l(tdillness. 'Ie tilers 

It)uonth4 after lho dt-lrvtit ili ( i-,h plutr. I" t'-tl ff11 I'i;'.ii 
t't' IlA"A ,1|,i\M the ( ;. R T rc-n t- IllI aetlint, s'hi had 

owllt OMC' l 1 I, " I 

partitu arly %%ith :crtm ,pvt i tfl l- i;i 


Iositive but II A reatifc Anti-tidv i- apl~itrently nev-r had a -Vy ptl ,Itf.it,wilIi ;i ila .:. the I1".\
 

I .\.IC thill tlt' i. nlr eft' fiii fir ( thilitjli4 lilc initialdetected for I littit'ei litme by the iA 
'. IIIA hi.by the I FA tt'l. antibody rcpIf hlimvi. (hrt. I 

Titer levek for thelto Ite t' ized ai- hi.'hAas Sig lilh'.klty hiiflivr onliltdy h-v'cl, x'IA'l. ' 

1;4,096 in the fir-t twfo cit evonit., and decreased .05 1 in I01i clnt- wh, h1: tt il Invvitt ll, itien 

progresively there;after (Tabhle ?). The Il.A l,t \\ith lfaltlia: thi- treind (ruftl!iti, thrimhi,t fie 

deltctil antihudv slightly m(ire efficientlv than I*v.tcir ,oicr\'iitjii lif tlff'. lii diffii-enu %%as 

the 11l-\ test duriig the initial 2 weeks after not ob ircd in IIe 11.\ htl. 

1: 2 

Comftoarisopt Ietueen untinalurial tler Irri of theI/".l and Ii.1 trt in ?2n .scrrtmi inprot fuon W Fkt

'1".ut 


ill rcl Itircs airhr offset of . itpto oo P i'1tx iiij,' tifti 

Ii;tnh'a 
sinen-ite.e le'°'i 

I 'iler. f ,-.ia ftiith enl.ih 
"---..........-.. .... 

tiftm. ii" 
..... .. 

of )mitlfm, Iwo tiortrd Neg. I: I f, .12 l1 ", I:1 S I ?.;, 1:512 I : l.t'2 I. S 1.44.t, 1.l1 I i t I 

0-14 day.. ]FA 
liA 

6 
tO 

3 
1 2 

10 
5 4 

20 
6 12 

1M 
It 6 

. 
1 

58 
58 

I'll 
1t63 

15-60 days A I 13 21 27 9 2 63 176 
IlIA S 1 2 8 If 1.1 II 5 7 4 63 232 

7 iiontlis IFA .47 25 4 1 0 0 67 8.5 
liA II 7 II 16 II 7 3 I 0 67 41 

12 montlis IFA .40 S 3 0 41 6..A 
11liA 9 3 10 9 .1 1 0 36t 22 
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molnths or more after an acute episode. It ti1wboo 
patients have had previous clinical attacks. the 
IiIA test dtctct antihody at nLuch higher levels 

,,. and for Imier periods than the Ii".\. In contrast. 
however. if l ile atient d-cs iiot repurt prevu
".exprience ith nalaria. tile IFi.A test ia more 

so \ reliaile indicator of recent at:itack lecauSe it 

60 ... ', \. detects anlihodv at higher levels and earlier in 
"'..*" "% f'~'s thain I[IA test in such c1e'.tile di. c'l tt~40 

Aithou:h the resnts for tit' dilfferel ,ir o
: ?0t'r'td ill lito Ih((-ts are unlkni\ . one can !)c('-


S"'I.. '\, ...."........ I'I'leon [l"..- h 't oce. ili l\ c d ti(e (Ll l
 .......
 

0. 

£ ..... et al. hl:i~l repollrtcd that tlhe iitil alihltll 

4Il'aslurel l\lt ll 'A testik hily specific filr 
.'I~~o... *,,,o current (f loalriia p:ra1;itee',ce-. Fithe ilielliiit species 
.... posi **fol CIp - IFA ' thi ,',) . IiA Wilh little (lI, v.rl8ttlioll %\itlhthe otlIer ptct ,." 

piol l,po ,im' -1.iA.I,, One o\uld expwct the IFIA test to detectI ie' 

-. i- - -.-- -- fo ,' specific anlih dv mlrt readily than th liA test 
o , A-I EP O,' ICO S VP . 0, 11CLAll1. OW ' , d rived fitlm titO h nil i

'1 1. (;l~ lrllt ic 
It"A an Ill-\ t ,-ti fur 

froim (is ViuiitI'0 \vlcran
olf 1. linI illfklitill. 

IS 

it hit' fiit 2 Iloilllhs 
radiail cure. tei, IIA 
dtiect nialaiia antill d' 

' in t titir., mill/ . l'+ ill 11 A tst, lut from-iil),ilroral fm" r I.]Cits the 

nllarial ;lllilotlv in .viuli a sulolle I'-ite of the l'tI'rollloll : P. know-l ' i 
altiti tlit, llivt of S)illiolil ill itI A 111M TI, endll( o lyulahs dl.l lie

" in part, ilh I lCll(tif non-~lie aiiliboud *. i~lt 

iprec'ilpilihiv alnimi lrodhit-,, inlitially. "vhhhs~p 

SS(I' coldhIl e (dtlct',led hv ]FA bl not I IM\."i iN 

N nilirtip1il tiliZ' alitilil dy lighl talo llirtitipale 
after atill' ilet "illin in thie, Ii.a t'-t. ill the llrese. t,i (If precilitating 

and IlilA It-ts gtitrall' 
at equivalelt rates. Al-

tIhligh the Ii :\ test t leet-vls alliody ill a ft,\ 

tnort, s.li, tei sma1ll Itl-(cIiI ,vt. (if lositiv 
reac ti o n s> n ot d t et e d hb ' fl i t ,I I I A. i > c o,i n l p e n< ll c d 

by1 re' tf, 
hllitr('ds 

Fo r (]tg 

a "e ile 
antibody 

, a lh111' \\ilh li h tnv (all i
(if !-amlcll, by\ MlA inl mass> su-rlveys,. 

nlwoim i nivid al ca ,.- ill tilt' first 2 
illav-vi'.'tiln' preferred. iilL-Iltest 

e l ithc ll milittailtr I %\r defctii , 

IIom i-litnls \n ith1 iidti,(i; l11( t 


malaria .lhe four ,erumll .- t il l ill h 0 to 

14 -day catelory, undetected lh' hby1h hl' ibiot' 

have been lra\liI tot)carly ill lllt. 211ick. ,'fi , 
al ihod), hall radlli' d ;I dlt('1I1'ith t' Vt. A t'rui II 

sample i lit't- I (o-thiy(I&ilt'cur und iecte I 
I both ,tS . \%as fro ll a Iativnt tr'at .1 hr.

lneltilely after Olltet of ptlliitIii. I.,rhap 
before anli od ' halL r'aihed :1 di.'t'tihlit' ','l. 

v) iff'crlce ht'w h ('t tilh t sI bccowici atl1li1rlli 

st'eral lontih, after thei:istl rliLcal '-:ick 11ndl 

treatinenlt. TiI't, liA ttt is more fficit.nt than 

6antilildv. to ililitIt o1 hlok the I,:tCill.' ])tc
tioll (if diffljent alltiIlbodits i' Ilt' tfl '.otWAS Ilmh 

al-, acclullt folr elihancentll of ]ll.\ te,.-tivr 

ithvcls ill painit \itiI lrevilus expnelrince wthh 
n u, h r! . ie s nm o s. t a c el\ ' i feIh1 1' ;i ai l h c, a n i b o d! 

' s I t lt' llillltily, Ilirected higard anfigenic sites 

.'lo se hllort ac ti 'eill te e Il M A testil 1'ia it l,
Tirldelths. h-

Idirctld ti'.arti rohilhi' interior and exterhir anlti
prducta 

Ii ens if tie Iirasite oIr il elt'.hlli llroihucts. 

If autoaItit -dv toI crt hrut- or, rvthrocvtI

inalaria coIplclx'es cxt 5,i!.:as sulg.ceed ly several 

aulhors."' , it light also play a part ill tile 

lt halli ticelile t of liters setn ll tilt' IiiA t'st.'lThis 
alltliludi. if dt'vloped during lrevious attacks of 

Malaria. Illigit l, ieltccit ill 1ifeI II. t.tI lLLcajt 

of its sol le.it ige'n hin:11 -,r'Ithlwl-arrier 
comle bX.Il t lilt' tl' extenl ill tih IFiAl1olt to 

I 'st . e' h vt'v o mllyll .S't' I utllttstctl ce (If 

the' crvtlhroc't' strollia. blut it is t'asil" differn

tialIed fro llt s l 'hicI raitc fiLulrt'sMIC. 
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