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AIISTRAtCT: Aftter ai Ialiri:n-eradicat ion 1priturall. nil knloWn aultoithonous Ca;st's of malaria 
11)Illto I14 6. In 1I01. :trtll collecitd ill filter

had occuried on litagl W',i lndi',. fm 
i-!.nd was titrited fir lhe tiriscnu of malaria paper recut4'lt tri )L-, irtidunt, l lit 

Serumantibodv ly the indirect helmlil utiiation tt-t, vith I'lnsmodi im kno-''si :as antigen. 

was collet ed frMthitV! gV itIis: 40 I r'ins Irevimusly sauilnhd ill 1955: 27 1Wtrions hat 

I'h a.in.,lim mlarit,"in 1)06; and 916 residents of [tt isl:nd selected\\ere infected wi 
FuIr the 40 pt'roi0, retanlled. antilhoidy IirevalcInte fell fiomfrom lite general IpItlat ion. 

79% in 19;5 to 10'; in I'itI9. (Oft the 27 l'rstmi - in olved in tile quara-namlaria outbreak 

ill 1966, five 1i .I5 had deteclablt, atitly1\. In tile .anIIjIII.(If tht izenilr.d poplaltion. 

one excption, tile ln.-tive rt:tclions were inonly 1% had deilolt.trahh' alltilily and. ih 
heni:g-l Lt 1natit In antihulic, becomesertln from tiler lw'rsitio. "lhtse rcmult initale that 


' 

a general population Within 15 .ars after eradication of malaria.negligible iin 

(.lerrplr-i .l.aitary Iv7) 

Tobago, a .,mall isla(l nar Trinidad anil the had teen Irtviutisly eradicated and that ill ex
\%as ill operation.27 t) cellent snrvillance system

coast of Venezuela. is 32 miles lona. from 

11 miles wide, %\ilha total land area..of aihout The Iersithnice ol henmag,'lultinatinta tihldie, 

1 16 square ti ilt'..I hiaise i, a ientral range of ti malaria ill former endenic" a'tea , Ita., not I)Cein 
studied tt date. 'lTtbagoi was an idealtmi(Iunttaiis. imoist of (lie estimated .30.000 inhabit- carefully 

are clcent rt'd site filr sut I st tudv btetau.e we had S- :tllplesants live along the coast and 
ill ob.,go in 1h55.ohrtly afteron tile southwest end of tIle lantl ( Fig. I oI serumn drawn 

Il the l)40- malaria wus endemic iil liobu comtllete erlditatitn. Ilus tle iitclie., of 3S per

and was regarded Is he filtIrein io'I lulic-t'ea ItI 	 .is who had had elititall Iproved cases if 

miairiae malaria 3 years earlier. and a piopulatiitprolblem.l lhuriiig the early Itt0!, cltrol ira.-
i-tudy lid lived ill an11area fie of malaria\were diretid t\oward .%\;tmp drainage. appli to that 

cation of lar 'iide,. antd othter initithik designed for ahout 15 years. 
sures 

."uqttlli.%to destroy the malaria vector. A oh' l.I.;rtIIuDS MAT.ALS AND 

1146 Ilreliiniiaty raicaitn \work was bteilliIli 
srilin samllles, drawn ini 1953 )y the 

with residual .spIlrayin fI" D)T. This \\ork \\- The 84 

ill 1-17 to include (le sprayinig of Trinidad Regimal \irots Lal ora tory, were sup
expanded 

)imis of the Yale Arbovirus
princilal villagtes on the klitatd. and ill t) i a 	 plied by Dr. W. (. 

Research Unit. Vale University School of Med
full-scale malaria *radii:itinn program ,s inli. 

Hla ven. (onnettic ut. Other serutm
aitled. Thk io i gran \\ia, so mlWtie, sftl tiht inh I 	 i 'e. New 

fromsaimllv:. were obtained in February 1969 
at lolithonll.- ca! ts if malari: \were 	 fiindtil 

there I litI Ipreviously bled ill 19,55; 2) 27 
Tobalo frim 19)54 ti 116(t. Itt 1960 wa . rsoin 

persls infected ill the quartan outlbreak ill 1966;
focal outbreak of 3.s case, of ou1lrtaln malaria. 

Ihe gtneral island pop
a 
The severily of these tases andIht thoriuglihe?,s 	 :tid -;)I'Ii teiils front 

of ithe el lidetli1 gic At udw' ,-ugcst that malIari. 	 uhltil-. 
in 1969 bltod \as collected ott filter paper 

#1023-.03S.* R ochester Paper Col
* This Studv %t;I., uipir5tt iI irt Iy thic U.S. IRopaeo 

Stati 	 liparttnilcm. A.\viuty for I ll nitiiial I)c\clop
i, for iimitlfiiatiil only andmnent, Paititiditnint .'\Llh," St\ir'e Aurtent'nn (WAS.\) * it tradtl itnm's 

No. 14A. Ill I\i 5.) s di.s not toll-litutc cn tr. irt Iiv tl' ilPublic Ileilth 

t Prtstin talh-- Stanfi id Uni ersit vlospi al, Sc'iv'e nor iv li' U.S. IDeptartniill I i.iltth, Edu-

Palo Alto, ('.lifit lia Calili.l alilWelf:trt. 
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lnany, Rochester. Michigan cut into I X 3, 
inch rectangles and imprinted with a l.1-mm 
circle. A full ciret' of )lod was obltained by 
finger-prick. The tea'lanzes were placed in a 
slid box and a lo ed to dry ve'rnight at ambient 

tt'm raturt.. ing day %'ert in ter-Thef lhi., tli'v 

leafed with of ied intostlill; ah'sinltpaper., 
bundles of 50 to 100. and sealed in small plastic 

WVhen scvt'ir I Iil(Ied rt'ctanidhs mMrc
bags. 
collected. !hey %%ere air-mailed to our IabIra torv' 
-it(lie Nat ioiitl ('mlullnic:,hlc I)iscaN' Cellttr 

%liere they %tr. Ilotzin at ?o C. 'lilt- rt't:in-'lc. 
were reitvel fromji in( Irt'ter. and a 10-In disc 
fronm the wa: cut o ithblood.filled cirdt. out tl a 
p lpr unch. ach fill cr-Ial er dis c was lacci -
ina 13 x,,S5 11111tlwb'. it 0.2 till (ifpis~haltt.

inuffetd salie smlulmi. Wland0. l 7 im 
addffed.lTalne oluionr l(mdi'lS 11A wti.t. 

(I 

addecd. The p~pt'r: wt',t allh,etlt int Ih,'t~ rtmtid 

s~ihlait n for 30 minut, es at room ltemlli':,tirt' 

27"C i lhen tlt- ti ere sha ken vigiron lv%% 

foJrI nMinutte. Th'I'(filter Ippr. \:-rt. dis hed 
after the fluid v-asm' mre et from themin %j ibi ~ 

R, AN) KAGAN 

RAU"PA, . ...... 

P .. 
. o..l... . 

1. obagu: sapof TI'higo.,howinv hor .aniplini 

arai.. 

popuhlion with l,ili\' titers, and the geometric

mean 

To 
liit., 

IIFig.
i.Iiiait 

recilprtocal iiter ((;M . 
show the geographic tlitribtiin of ati
we div'itd t islanid inltfour di-rit, 

I i.Area 1. at the southwes t'ld of.the 
%. tilt' t opul us a larlaclyas iwAla lihl d is, 

flat land. Areas il and IV "ere madt till of ; 
nmben r tf Small vill:as. Artea Ill intludc tlie 
villig . of A rgyle. l I tlafw.irtl,IutivIl,ailltIl a 

small ntal rod. 'I lie d.a-hr\ n dudlt %,%aswas the Site of the outbreak of qa:irtii malari:a 
(lilutedi in tofld .tlis inl a nicrolitration Sy.sten. in 1966. 
The initial dil of"tiocln:Lt a I :16rt'pil'Stellt 

lilution (ofserum. . • 

The indirect hcn'a:lxhtiiion ill .\IAlest. with 

,n'.,,i anligtn and humnlan 

tyle () crythrtcytes ,ascarriers.' w as used to 

titralte antiIody. Titers oif les!, th.in 1:16 \%ere 

considt red negative and were assi ned an arbitrary 

titer of 1:2. 'liters of 1:l0 or greater w're 
ctisidthred positive. The Iprevalence of malaria 
was hased on 1it criteria : i lit'percemtage (ie the 

/'iismaodin, noiak as. lilt, 

RESULTS
 

The dt ilitioia of titrs ohlotained troi, sI 

ptrsons sampled in 1955 and .10ill ht'lltsame 
ltl"tmllsalijltl a;Ililn inI ')f0' is stioaii.l iii "1aIdet' Iable1 iesih5I co ll in I'W ll i 
I. Tht. 1955 clllt-rliti,, 7S.6,,;yit'hlc posiitivet
 

sutrum Samples. with a (I RT of 52.5. The 
higltehl titer was I :2.04S. "l'h40 tersit s:amtletd 
ill196) shim a (h'tlimia iuprevcim v' hi 10,; . and 

a G.IRT 2.7. Th.e Ios.iliv'. ut'tnurrtdof samp lts 

0l11 ill fi tlet agV cat'govry I >I years 1. 

TAiL: I 

Dislribullon of Piali,, 111.1 literr by age group for re.uidenl, of Tobago in W5.alandI'mo 

tvr$1 <1b 16 3.2 64 1us 25f 512 1.024 2,018 1tll G.i(MN' 

20-29 

30-44 
>14 

4 
9 
5 

3 
2 
3 

3 
4 
7 

Salliplt's 
2 
2 
3 

collected 
-4 
2 
2 

Il 19
1 
6 
7 

55 
-

.4 
5 

4 
2 

. 

- -

2 

17 
.42 
35 

25.1 
47.2 
82.7 

Total 18 7 14 7 8 14 8 I 2 8.1 52.A 

Samplt's uollh'ttcd in I169 
40-4.1 7 .. .. ..... .. 7 2.0 
>44 29 2 -- I I .. . .. .. 33 2.9 

Total 36 2 - 11 1 . . ... . .. 1( 2.7 
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"]'mi.2 

Distribution of malaria 111A tilers ill rrsidrrnts of 
Tobago byv agr and )vY malaria xto(us 

kti'rlNo... 
No__ 

Age 	 grnul,group. 
(yars) 

<2 
2-4 
5-9 

196d-... . .. .. . . ....... Pit
 
- h - - .............. 1
,,r........*9d 

lil~r il.rI 
. . .,024 

64 U S <16 16 32<16 16 32 

2 --

27 1 -1 


5 1 --38 . . 

7 110-14 164 
15-19 310 .. .. . . 4 .

20-2'i 90 . . .. .. 1 1 

30-44 128 2 -.- 4 1 --

>44 187 4 1 I 1 - I 

Tot.ul 916 7 I 1 1 22 4 I 

Tahle 2 give,; the age. tiier distribution. and 
olh,ctio 1ride1966 iiiaalali stailI.- for the entire 

in 19(69. In the 27 persols infected ill 1166 

during an elidtemic (If nahiriate ln:lria i sero-

positivity Ilte ll I ' .is i-qcrvccd. %\berta

956 personlis not kinownn to ltc been infected ill 

T.II! r:4
 

Rrsicis of blood slide rxaintiation.' for malarial ill 
7obago, 19-14-1967 

. .. N.. N',. I'erdl 
Year examined I.iriv pndiv e 

-

72. 49.5 

1945 1,266 410 32A 

1946 1,924 816 42.A 
1947 6,254 860 13.8 
1948 5,363 282 5.3 

1949 5,995 329 5.5 

1950 3,26S 71 2.2 

1944 1,460 

1951 2,633 17 1.8 

1952 1,597 6 0.4 
1953 1,392 12 0.9 
1951- 1965 40,087 0 0 
1966 24,160 JS 0.15 
1967 9,147 0 0 

rates under 2;,. and in neither instancetivitv 
was tilc (;. R. clevated. 

Table 4 gi es the results of hhloId-fili exafi

iiatioi.s ol tlt- il id of "oli;l ,, from 10.19 ti 

197. tIh Ilast year for which lahi were avoiihble. 

1966 he tro po.iti v'ilt ryte \ \uas s only I U; . 'lhelie-fiim. alaria incidentce n I .; h'l ex; n onl.yh 

not grcatlyGM'II alitter,for tilt' two griull: ane 

differenl 3.0 and 2.1. Nine of the' Id pil v. 

Specimn ls ill tile ' ill~i nii t i t! g ro up~ \er e I i ul 
per.ss 30 years am over, and only one positiv'e 

d iii a 3-year-lispeciiele Itit'r 1:161 \uas fou 

girl with iI history of malaia. 

The distrilbulimi of titers for tile four geo-

graphic areas is shown in Tali, 3. Anliody 

prevalence in 1. relrcnling .n Ie irget,Ara 1 
lpopultion .ainljf,. was 1.1'(. aiiI tilL' (iIR'l 
was 2.1. Arva 111. ilhe tara indiitid in the 19616 

outlbreak. had tihe hight-st scroplsilivit y rat' if 
The GNM RT. however. was not

all areas. 2.4';. 
nios w it h o s i i Ii'e a tit i 

ele va t 'd . Tl c fi v e p e r 

body liters in this area had all ')ce" iiifected in 

the outireak in 1966. Areas II and IV had posi-

1'AnI.i: .1 

b) grographki area 

ill Tobago, Iorr 
-l -

Distrilution of malariaIl.-I biyrc 

$._. I'--live 
Arcvi <I6 If6 32 61 IS C.NCI 1IT 

_______€,163 

1 .166 3 1 
II .11 2 --.... 
Ill 200 4 1IV 2 61IV 161 2.. 

'l'tlll 968 11 2 

1 - 1.1 
1.4 

. . 2.41 81 1.S 

I 1 1.5 

-,IIRT....rec'd to tih ltnmher if lireViOLsI ttacks of tilt 

2.1 
2.1 
2.1.12.1 

2.1 

to 1953. From P);4,nation to dhclin , fro n 1940 

to 1900 ol'cr .10.000 sides \,re camiled. and 

in f ct iiin %\tre id'tt c d . T hirIv -eiWIln of l , , o f 
' \ere di'.vcr i Inh Illtopullion inl I906. 

butlotli cas'. hivc beten found since (lien. 

Iii SI'NSSlN 

For evamolion of the significance of the in

dirrcl helna v.,hcilination test, the It'ristelice of 

liits anliody iin 'erui lllrequired evalulation. The 

:ll'rge numiler of lo:.itivL' :eritil samp's in military 

recrits in ihrt'c ci.anlrit s (if (lie Westen lleili

sliheir. as i ih (hi :rall ofmnnlitr c t 
isi ie I- hc filim - om these ares. sugests 

s g-esllh at hli I i d ,:\oti s frma tet i glz ni CX'e A 

rience with m:laria lnira-sit m.' 

A sinall survey of three v'illactes in the Republic 

of Panii undLr iotensive suiv'ieillace also sug

gesls thai anlihodies could exist ill tle a!sence 

of infectiotn for at least 5 years I1iur tlmiIU!liSlVi 

data I. U. S. military lersinntI returning from 
Vietnaim with a li:tcry of malaria show that the 

lirt is nlec Ill icnalaiia I A anliildy is directly 

dlisteae. Thi'-. l'rsiu \il i a hiktory cof oly\' fine 
attack of miialaria generaill had io anltilctv in 

6 ho 17m ounths follliming ffec i\'echu nmotheraply. 

w\herca; Ihose \it ih hiktories ,if several at tacks 
tended to nmiainthi li A titers at iatl'r high ievels 



for at least 12 months followiiig treatment o+Ir immnitv cue to the eraication prog ram. The 
unpublished data I ersins in TlI'a gIo infected rapid :nrl effective trc.. tment of the ,se jper.-on 
in the 1966 outbrea k of malria also shi wd a pro!ab y did not allow for an extendehd Ierird 
raipid decline of serul o. ic ios;ti'ityv after effclive of antibody productin: i hence, hi gh level (if 
chemotheratpy 4Tabhle 2 1. '1hie sensitivi tyvof the ant ibody were not priidkTd. 
IIl.. test in the (urelli wi,,k in dtctih is.'; The .el(ouci l ev t thl Cel'rur,ii poliii.4lh 
of the person..; 3 ye-r, after malaria oltbreak made in 1961 cinfirmi Ih e lmhiigic .luiudies 
suggests that tile serologic method v.ill det ect made in Ihe area." thlil a: ria has hecii erait
focal outbleaks of jalria in II arllra '.here Cate(d ill'l',, ,o. So,t eril'- ill lnaihlain hi 
etadica tio) has been ..tlCt,.u!. positi\ye tile r, for longlvrhu ,lt timne.. "lhivwe 

The sVllWUiC sUr'evU"(i a .milll nmbher of are thet older perlnr. ill tilt :iiiuhtion \\hoLhive 
adult, lehd in tI) ,,l-, th:vt thi, i-lnd avs hd: Ih e lon e.t 'x:eri', i \ IlI ll; LIi i,l IlIll)IV 
entllmic fur liilaIri:l ilte tile- lt'ent(lgl' (If tIiii-+ eradicatio n. Tis1 i- aiii.irvllt \%h ll otitl ii ,ksat 

with elevated levels of Illalaria allllibody \%as high., the age and titer di.trihlli1n of tIll' pi''tive 
The 196.) collect tion of blood from a Imuch larger reactrlrs in the gelera I popuh:1tioll .:-lllplvd. i'osi

group tif the ,,cnvreiI ll(tItlktiiln stlCCut lh4:4lafter live titrs are found ilt*v ill lwt'r~ci+s liver tilt' :'2e 

I. ve:Irs of no exlilour' t) inflecll ,-lltuli-, of 30 1ith a1 .Ihie. cert,-tlliI.. Along tht- five 

antibody lters dtct'line ti llgli~iilt ik'l. lhe pvr.-i iifectled ill t ii, \\11i haid l-itive titers 

data from tile scrim collected it) l'l :tnd tilt' after 3 year , lt, oniv ,reitt'r thn:11 w:ialiler xis 

resuls obltainied from a Fampl. of't ilcte same il a \\ oiollian over tlie age oif 41 who aiyi have 

personlis ill I1969 also show.i\ a dramat ic drop ill Iard InaI:hria exllerienle before 11.106. 
plrev;ih'nei rhutllin-, aintlibd) 'v 1r,,l 71)I<,SM 

+ 
vI ~k 

r pec l 'iv a s ill 

thle (.IRT I52.5 to 2.7. Thl' t The inhliiillk if t1l i.l:ilid if 'lliago. \\'t 
H of a966 ., ill all dtnl114 ara olf 

10 , . 'tive 'll as a Ifirk vid drh li 

'11w iitbreak (t:irlin'nialaria in If(i a llli' IeFig. 1 Iived 

lomd us to evailat. tile vitiity oi" tIle lest llalria until ,Ii rllicalhin iorllii bti til in 

antibody re(vnt earl0P \arIe ialtvixtIY pr d btililin detecting (t orihil ill iailt-

where ma a I l beenh eraiicated. lilt l\ill I. A1 l i:ll. f ll;iIlli3 i lllird 

infected in tile outirek itf Irj(96 \ere of all ages i. ll aiva 1)11 ,,hI olteled ill involvilg lllls 

'liters of 1:16 or Its w\ere obtained rxt-mlit for hu1 \\;I,< quicklv sUlllilrv--ll. fle ft'lica v of Ile 

one lersoln over 44 years of age ih hld a liter lroilll i, inalliesiil hv tilt, fact t1hit I-tleln 

i" 11t cases inllaria 
si o led o ll y o e (lt iicl t, lll IWitiv t imOU letectid hb \'v loo l-filill e, illi :ltio ll. S li
of 1:32. The survey of ilth gnelal ililhlhli~li , tlt,d ';ir P)5-I to ]1 no of 

ini a ievrst ndliler 2 ve la 
, 

of ave. anid litiers ill tilitiliollgic .Iifi' it tilt' IVP li\ill ill 

the o dest age grullll i' *-t i rallg ,d to I :2 "i i.dieate thelt il all i'illidhr lliil'irii 

TJ'ie plrevl lt'nlL'e of alitiboliest oi lfn:illi, ;lln(1,L! eradiclalion tht I1. iAillihollits falil to legligilt' 
plersolns infected in ih 190 ( Iliillttil ouilbrt'al, le\'vis %\ithlii I$; t'yiar

, aftelr tilt, Listl clim al~l cawl t 

was higher ill Il ne l I.; dC,,td. tlllc'ltd ini IP). lit'Ihain .t'ui iicra tulati is St-l1i i'\' 

to IV, ). but (3 1 \I.is ltil r lnlla I hl(ld tlil_ ilil l 1:lli itirv indiitili, 1the 11"t svnllt 'rhv Vhiu 

diffrelnt 3.0t io 2..? 1. Ilie' ic 'rs in4 l, d ill hIgh piti viilnce of nill iri.l :inlltihldi -. \wlr(, 

the 1966 iuliirtak hldl, ien telt'ted rilh Iy. and st-ruin t aihn d ii l 1)11) sill \%etl lIetgli-6hh, le'vel 
1 ill a ittlIt focaltreatt'd ilimeli'iately. Ili addition. it' fl s i (fi alitilll. Pcrslls involvedi 

affected \ere plhed under illiedi:ite tlrvei otbtlre:k of I alari:i hiad :i hih,lir rct li,-ace of 

Ianct. intenitive slrayillg. and mI1s trailrat. 'h' a;iliill"iiits Ihan ll ' lImulilli. thegL'ncrll lut 
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