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EVALUATION. OF THE INDIRFCT STCHOTIALUAGGLL TINATION TEST FOR MALAK IAI

l. Introduction

Stein & Desowitz (1901 deseribed un indiveet haemasglutination (IHA) test utilizing
formalin and tannic 2eid treaved shoop red oo1ls, sensitized wita antizens from
Plaspodiun cvnomolzi and B, coatnevi, Tiils tesr was subsoquently used in a fiald study of

ralaria iwconity in Australian Now Suinea flesowitz o Saave, 199H5), Bray & El-Nahal (19846}
reported cditfizulties with thig fest svstem snd recommonded 2 technique using fresh sheep red
eclls treated with tannic wcead. “Maloney €t al. f1956) tractinnated antigens prepared from

the plasmdia of P, knowlesi (ollowing disruption of the parasites in a French press, They
found ant.gons active in IHA tests in both the supernatant and the residue after centrifuzation
at 125 000 g rfor 90 minutes.

Since the IlIA test nhas proven to b2 useful in sero-epidemiologic studies on toxoplasmosis
{Walls et al., 1967; Yalls & Ruzan, 1967) and other parasitie diseases ‘Cuadrado & Karan,
1967), an attempt was made to standardize and ¢ valuate an I[HA test for malaria. Such a test
might be employed as a supplement to the fluoreseont antitods test for diapnastioe AUTHASeS
and may be useful in studyving the epidemiolos. of walwria,

2. Materials and methods

Antigen preparation. Splenectonized rhesus monkevs were infected with the Anopheles
hackeri stirain of P. knowlesi‘<by blood transfer. The animals were anaesthetized and
exsanguinated when 107 or more of their red hlood cells containcd mature schizonts. Either
heparin or sodium citrate was used as an anticoagulant, All further procedures were carried
out at 4°C.

The blood cells were washed three tines in 10 volumes of 0.83% saline solution by
centrifuging at 1100 g for five minutes, and lysed ny adding at least 10 volumes of distilled
water. After centrifugation at 3000 & for five minutes, the sediment consisted of plasmodia,
leukocyte nuclei, and some red cotl stroms, Vashing the sediment three times woth saline
solution facilitated removal of most of the fluffy white stroma. The final sediment was
stored at ~70°C before further processing, ood from a 3-Kki monkey could he processeid an
four hours to yield 5~20 ml of plasmdial sedinent.

Preopared vy Irving G. Kagan and Yallace . louers, 1r, National Communicable Disease
Canter, Bureaw of Diseasc Prevention and Vuvizonmentsl Control, Public Health Service, United
States Department of Healtl, Iducation and Welfare, Atlanta, Georgia, A0333, United Stutes of
Amorica,

M
‘ Laboratory of Parasite Chemotheraps, NI, Chambleo, Georgiin.


http:furi.se,.nt

RSSO G L L
page 2

For further preparation, the plasmoadia were thawnd in tepid water, placed in a cooled
fronch prossure cell,! and two volumes of antigen diluent ‘equal volumes of 4% NaCl and AR
phogphite hnlfvr at il G010 were addedd, The )l was operated at 20 00 1hs/in
L0 Ky =), Antipen diluent dsed For rinsing the eoll brought the final volume to four
times Lhe volume ot the plasrodaal sediment, The disrupted material was centrifuged at
pOGOO  Tor 16 minutes, ['e sunernatont was tan to pink in colour and opalescent; the
w_»m.l:..v was black ontd app: arca 6 cossist or walaria pisoent and morphous debris, The
aupernatant was constdered undrluted antigen and used as such, or diluted with antigen dilucul
when titration tests showed that dilution was coupatible with suitable cell sensitivity,

The undiluted antigen was stored at -70°C,

Test procedurc, Huran croup @ tlnod, either [resh or stored lor less than 21 days in
acid citrate dextrose at 4°C, was washed three times with phosphate bLuffered saline solution
(Pps-eqial volumes of 0,857 Nalll avcd M 15 phosphuie tutfer at pli 7.2), The huffy rnoat was
discarded, The ervihiro stas were saspended in 10 volumes of PI3, and an equal volume of
1:20 COO (w-v) tannic acid in PBS was added, The mixture was incubated for 15 minutes in an
jce bath, After they worce wasned twice with ¥i5, the cells were ready for sensitiazing.

The packed tanncd eells were sonsitized by adding five volumes of antigen, mixing and
incubating for 15 cinares at 7777, To Arcregse nonspecific agzlutination, an equal volume
of PUS with 37 normal rantat scroam (NS was added, and this mixture was incubated for an
additional five minutes. After one wash in PR3 at pll 7,2 econtaining 14 NRS, the cells were
suspended in 30 velumes of this solution and used imnediatel v, Cells with 1:10 GOO
merthiolate were useiul for cne wock if stored at 4 C. Stored cells were re-suspended in
fresh PUS with 17 SRS hefore use,

Plastic platnsé with an 8 x 12 array of wells were used, Each well first recelved
©9.00 ml of PUS with 19 12§, v on ml diluting leop filled with test. forum was placed in
the first well in cach row. anfd the scrum was scrially diluted in a douhblinz step-wise manner,
beginning with a 1:2 dilution.

During agitation, 0.023 wl of the 2% sensitized cell suspension was dropped into each

test well. Positive and ncgative control sera were titrated each day. The completed test
was read 45 1o Y0 minutes later, A smocth mat of agglutinated cells, a 2+ reading according
to Stavitsky 71951 was considercd a positive reaction, In order to detect nonspeciflic

agglutination reactions, positive szra were iested with a 27 suspension of tanncd red hblood
cells sensitized with 537 NRS,

Sera titrated, To cvaluate the test for specificity, sera from 61 residents of
St Lawrence Island, Alaska, 11 chronic tuberculosis patients from Atlanta, Georgia, and 43
syphilis patients from throushout the United States of America were assumed to be from
malaria-freoe areas. A parasitolopy diagnostie battery of 166 sera was also tested. The
Sera contained 12 subzroaps of specimens krown to be serologically positive for echinncoecosis,
filariasis, sclnstosomiasis, trichinosis or other non-malarious diseascs, or else negative
for all theso discasces.

American Instrument Company Inc., Silver Spring, Maryland,

9
“ Cooke Fngincorin., Comnany, Alexandria, Virginia.
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Ta evaluate the test for sensitivity, scra assumed to contaln antibody to malaria wore
taken from patients with bload=film-proven infections, Sera from 17 cases of P, falciparum
infection primarily represented United States citizens who contracted malaria in a country
with known cndemic nalaria. The sera from 130 persons with P, vivax infection were collected
in a hyperendemic focus of malaria in llonduras.

To evaluate the test for sero-epidemiologic studies, 10 956 serum specinens represcenting
collections from militars reecruits in the United States (Paul ot al,, 1964), Nrazil (Florey
et al., 1967), Colombia and Argentina were evaluated, In addition, sera eluted from filter.
paper were studied to evaluate this technique for use in field studies,

3. Results

Factors influencing the test, Since the sensitivity, specifieity and reproducibility
of the I\ test for malaria apprarcd equivocal from an esrlicr report /Bray & Fl-Nahal, 1943),
preliminary studies were carriecd out to charaecterize the variables which influenced the test,
Conditions having an insignificant effect on the sensitivity of the test were splencctomy of
the monkev, contamination of the antigen with host components, proessure of the French press,
centrifuge speed, PB3 osmolarity, tannic acid concentration, temperature and pli during
sensitization of the cells.

Collins et al. (1933) previously reported that rhesus monkevs received in the United
States of America for medical rescarch may have had prior experience with malaria. They
found that 637 of the rhesus nonkess received from New Delhi had sera reactive in the IF\
test when tested with several different simian malaria antigens, ' have found that over
50 of our monkeyvs from the same source had sera reactive by THA using R. knowlesi aptivTens,
This prior experience and, at times, partial immunity may have heen rasponsible for un-
predictable infections in experimentally induced malaria, For antigen production, all monkevs
were splencctomized prior to infection. The use of splenectomized animals made the coursc
of infection more predictaklle.

The plasmodial preparation, prior to disruption in the French press, contained white
blood cell nuclei and some red cell stroma as well as unknown quantities of adsorbed host
elements. These antirenic materials have not appeared to affect the specificity of the
test, but further delineation of their influence awaits the production of a purer preparation.

Antigen extraction from the whole plasmodia was carried out in a cooled French press at
20 000 1lbs/in® (1400 kg/cmg). Ve found the antigen to be userful in the THA test when
produced at lower pressures, but felt that the best vield was obtained at the maximal pressure,
The disrupted material was centrifuged with forees varying from JC00 g to 48 000 g without
affecting the activity of the final product, L

The PBS usod as buffer had an osmolarity of 228 milliosmnles, Another formula of PRS
with 308 milliosmoles of solute did not preatly alter the sensitivity of the test, In
agreenont with Shioiri (1964), we found that the concentration of tannic acid could be widely
varied, but that 1:20 C00 as usrd above was the most offective, Qur antigen preparation was
effective in sensitizing tanned red eells when incubated at 37°, 22° or 4°C within the pii
range 5.6 to 7.2. '

Several variables must be controlled for standardization ol this itechnique, Thegse
included controlling the stage of parasite preparced for antipen, physical characteristics of
antipen storave, species of rod blood rells, temperature of tanning the red cells, and
osmolarity of the antiyen diluent,

The activity of antiuzens from P. knowlesi varied according to the stage at which they
were harvested, Mtieens whieh were roactive with sera frow amimals fmmme to 1, kouowlest
could be extracted {rom soveral stages of the crythroeytie ecyele,
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Antipgens havin:: the preatest derroo of cross reactivity with sera from cther priwate
malaria infections wore present {n increasing concentrations as the parasite became more
mature. These anti.oens bave dr tected antibodies in our lahoratory anarnst the followineg
spectes of primue malarsa: L. od, I eontresy, P.ocsnorolnd, P ficldi, P, koewlesi,
P, brasilinnum, P. calarree, 0 avalbe, ') vivasx and . tulciparum,

The best preparations. aade irem blnod rontaining an equal numher of mature schizonts
and of yvoung rimgs, cunld be diluted 20 tines and still obain maximal sensitization of
tanned cells. Preparations of ring stajes were not as active, The P, knowlesi infections
in the splenectorized anirals vencrally developed syvnchronously and required harvesting within
a.critical two=hour pecriod to vicrld the highest auality of nreparation.

The active antizens of P, knowlesi were quite labile, Plasmodia stored at =70°C showed
a pgradual loss in antiren aetivi'y over a three-msonth period, Cisrapted plasmodia stored

in antigen dilucnt at =70°C Just activily in two weeks, Yhen stored at 1°C, the disrupted
preparation was inactivated in three days., . Onee adsorbed on to red rells and washed [ree

of other plasmodial censtituents, the antigens appeared to remain stable until contamination
occurred or the cells spontanedusly azplutinated,

The usc of human zroup O or rhesus ronkey ervthrocvtes improved the retiability of
sensitization,. Sera were tested with red cells from the same epocics, Rabbit and sheep
cells have ovcasionally 'ween sensitized to a degree that equals human cell sensitization, out
have hbeen less reliable. Human gsroup O cells from five different donors have heen of cqual
quality, Those which wore dravm while the donor was [asting and were stored in ACD have been
least fragile, confirmin: the report of Indeglia et al., (1957),

A water bath at 1°C vas necessary for adequate tanning of cclls, A 37°C water bhath
did not promote red blood crll changes that allcwed sufficient adsorption of the malaria
antigens.,

The antigen diluent found effrctive for obtaining maxinum sensitivity of human O cells,
tanned at 4, was 27 %aCl with phosphate bufier. Use of this diluent was not essential
during disruption of the plasmodia, The sensitization of red cells with a weak antigen
was enhanced when salt s oiution zpproaching 27 econcentration was uscd ‘fable 1),
Concentrations of 3.#- Nall or greater led to spontancous agglutination of the red blood cells,
Sensitization of red celis with a 27 NaCl antiyzen solution was chosen to increase sensitivity
without rishk of {requent spontaneous agzlutination, Concentrated solutions of antizoen have
adequately sensitized vells using an antigen diluent with 0.5% NaCl,

Test reproducibility, In an cevaluation of titre reproducibility, 30 sera were titrated
as bLlind duplicates sax tices ‘Table 2). As cxpected, tests performed on the same day using
the same lot of cells had the Jeast variation in results, Oone determination differed from
its duplicate by one dilution or less 907 of the time and by two dilutions or less v57 of
the time, Sienlar reproducibelity within two serum dilutions could tee obtained shen different
lots of cclls were used on dilferent days 1 the titres were adpsted by olservin: the reaction
of the positive cuntrol sera. Similar results vere also obtained with dofferent technicians
and different test readers,

Teat sncepficite el sorerta gLy, To cvaluate the diagnostie sivnificance of titpee,
various ,ctroups ot sera et tested, Titres of 1:16 and reater were uncomson (0,9 7) an sera
assumnd to be froe of antiiods azainst malarea (Table 33, In *he parasttoloyy dia nostic

battery, sera witho o a titee of il or greater (57) nay represebt trae positives hecause they
were collected fron smhivid cads with anfections From areas where raltaria may Lo endemije,

Testing sera fron persons with caleria diagosed by tlood sncar oxamination revealsed a
sensitivaty of ™ when a titre of 1116 or greater was constdered o positive reaction (Table D,
Sera wore coltlected and stored at =20 € without a change of titeo over a 12-ponth perod,
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Filteronaper stutven, Yroliminary results on sera collected by filtepepapar als rptic:

of eapiliary tlood asd e paved wath that collertod by venppuncture jueee andieated that o
filter—-paper tochniges w1l eetd copparable rosults and thas aid the collection of socareogs,
The technaque was cvatunsed vith soven didferent papers frow 1ive manulacturers, T okt
suitable paper was cvaltuated 'y testing cluted specimins i paraltlel with scrum specineus,

Desirable charactr risties of 2 iltereapaper for this purpase were considersd to Lo
sufficient stiffness of & 1 - “~in 2,5 % 7,9 ¢n) rectunzle to allow storave 1 a microyaepe
slide bov, atvorption of cuilacrent Llaod in a li=mo circle tor serolosie tests, intesr:ts
and jnertness in relation to the Llood sprcimen and its clution, avarlability and low cosd,

The filter—-paper tRCPACO 1023,088, Rechaster Paper Tompany, [ochestor, Hiuhiﬁan2‘ wlareh
met most of thvse regquirers nts was purchased in 29 x 20=-in (50,8 0 0.6 cm shects, it o
1 x 3=-in 2.5 x 7.2 cn) prectansles, and auprinted with two cireles, each 1V amoan diaierer,
For firld stadies, the Filter-paper rectansles (1) were return.ed to the diagnustic
laboratory in plastic hLaws with ;lassine interleaves and a dessicant,

The blood was collected hy placiig, the FPRoon top of the bLlerding point with the circle

upperisost, allowing the tland to soak throulh the puper and till the ecjrcle, Lpproxieate 1y
0.14 11 of flcod {three drops) wis necrssary to saturate oach eireclao, Tdentitfving daty Yere
written on cie end of the FER. e puper was dricd at anbicent temperatures and then k-t as

cold and dry as possible,

In the laboratory, a hand-operated paper panch (123 22-in 11,7 mm) sinsle hole puneh,
"Pet' No. 54, Wilson Jones Co., Chicgo, Illinois) wias used to rerove a 13 32-1n (11,7 2y diee

from within ttie {illed cirele, The dise was immersed in 0.2 1 of phosplate btuffered - line
solution (PRUSY and acitated twice during tnn Do-ninite Suahie. poriod, Ther arsc was 1+ oaved
with a rod, rolling the rod oter the dise to exproses s 2 of the cluate. Arnroxifnate

0.13 m of ecluate could L obtained in this canncr:  centrifuration of the disc at 167+ ¢ for
10 minutes on top of a short scagent of plastic tuoing altowed recovery of 6,17 ml of «luate,
It may ve used immediately or stored at ~20°C.

Seventeern sera.wero tested in parallel with the eluates frop PR specimans that hiad feocern
stored at -20 C. The sera wepe positive three two=-1old dilutrons higher than the ol tes,
This indicated that the eluste was equal to a 1:9 dilvtion of serum, In a microtaenar.lutin-
ation titration of filterepaper eluates, the first well of the plastic plate would contiin a
1:16 dilution. The reproducibility of the IHA test was not altered when eluates were rade
from FPL that were stored at -20°C,

When FPR and sera were stored at 1°, 217 or 10°C in a dry atmosphere for 13 dayvs, or at
37°C with 1607 hamidity for five davs, both speainens partially lost their antibody activity,
The filteraprner eluate of the above specineng varied from a 1:11 to a 1:22 dilution of serum
as compared to 1:8 in the frozen speclmens,

The use of FPRoto absorb capillary “locd greatly simplifices the collection of bledd

specinens an the field, These drieod speeimens can theon he easilv shipped ta v central
lahorators tor testing, Cach 18 32-0u C1LLT o) dise w1l yicld saftierent cluate tor oo
to three tests beoinning at o dilutios of 1:32, T pecossary, tho peratnin: portion ¢ the
11 mm oearele can te cut out and processed to caeld addotoonal testn, Tithout centradncatien,

several hundrod filterspaper specimens bave been tested on o dae by one technician,
Sero=rpudeapola e s, Four collections of ailitars reergit sera were tested,

Thuy concistod of 2uds sora e the Tapredd States of Voeriea, AL sepa from Frazil, 2 1 serg

from Coloscia and 3977 sera from \voentina, Tatlee 5 1ynts the trtres obtained with toe

Use ol trade nooes ts foe ad-otafreation only and does oot constitute endorsement in
the World Hoealth O anez o taon, e United Statcs Publie dealth corvier or the United States
Depurtment of Nealtn, (duatyan amd Veltaen
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military recruit sera, tor epideminlagic purposcs, a titre of 1:8 or greater was considered
a positive test, ihis dectsion was based on the troqgquency distribation plot of the titres
i each collection ps shown in Yio, 1, Based on this premise, tne following prevalence of

pusitive reactors was obtazined:  Ipaied Ytates of America 20 of 2247 (173 speciacens positive;
Brazil 508 of 27F1 217 epcermens positive;  Colombia G20 of 2341 1217) specirens positive;
and Argentina 112 of 2077 (1,67) specinens positive,

Distribution ot positive roeactors within cach country

United States of Arerica:  Fig., 2 shows the SHtates of the United States of Amcrica from
vhich a scrum speciuien with a tirire of 1:8 or yreator was obtained, The distribution ajpcars
random, and no area had wxore than one positive specimen,

Brazil: Fig. 3 shows the prevalence of positive maluaria reaclurs.in Brazil by Statcs,
Fach dot represents 27 or fraction of 27 positive of the number of sera tested in cach area.
States with no markinss were nor adequately sampled ‘less than 21 samples). Fig., 1 presents
the prevalence distribution of malaria in krazil as determined by active surveillance in
1963=19%1, Each dot represents 17 pesitive slides, Altbhoush the dots in Tigs 3 and |
represent different parameters, there is a correlation belween sStates of high and Jcw malaria
prevalence,

-~

Colombia: Tiv. 5 represents the distribution of positive rmalaria reactors in Colonmbia,
Only States with 21 or more sera are represcnted, Fig. 9 represcnts the geographic
distribution of malaria as deternined by surveillance in 19066, The distribution within the
country is similar Yy toth metheds,

Argentina: Tig. 7 represents the prevalence of positive reactors in Argentina as
determined by the ITHA test. ti:, 8 represents the prevalence of malaria in Argentina as
determined by both active and passive surveillance,

Note the discrepancies 1n results obtained by the two methods. In Tucuman we found
28" of a sample of 50 seora 1o b positive (1:9 or greater?, The surveillance mechanisn
did not detect anv infecied individuals., In Chaco we obtained ! pousitive reactors;
surveillance data shows 3.3 positive slides, This indicates that our sample of 3B sera may
not he representative of the State,

Serolopical testing revealed a high percentage of positive reactors in the areca south
of the c¢ndemnic area (Cordoha, 9.37; Santa Fe, 4,57: FEntre Rios, 5.8™; \Mendoza, 11%;
Santa Luisg., 537). This discrepancy should be inpvestigated turther. Althourh the serolongic
prevalence ot malaria tn Aricenting s only 1,67, the distritution ol these reactors indicates
a much lroader dastribution than is acknowleded by the eradication programne, especially in
the State of Yendoza, an area considered to be malaria=froee,

4. Discussion

Previcusly desceritoed THA tests have degponstrated a modepate degree of eross-reactivity
between human and siran ploacomodia, Sten o Desowatz 1901) found that antivens {rom
P conoral ovave a he o tatre withe P vavax sera, batoa low titre with 1, faleiparam sera,

RR.Y
AVt pe L conrtnes 1 bane hiah trtres weth P ernneaar tat low titres with PLovivax

Sera, Yathiones et al, Too el uh oxtract of b, tevhes o an oan THY test whiaich gcave Loagh-
titred reactions witn ot Do visax sera, Titres of 10 or creater were found in only 107

af thee Py otadeapory ot v thee TS test pertorncd in oar latoratary, very troad crosg-

Feaetivity ae-taren ordaeg el Stnctan malariae was observed and e sensitavity with sera tron
tdividunls (nfeected wich oL Tateacarum was hch,

The thepro=stabila ol calaran antyens Lag not often teon commented upon in the
Dierature, Yost preparstioms have apparenily reon quite stable, Anantizen propared
Tadarovie ot ), (1968) 1res acute anfections of P, callinecceun an elickens iy stable for
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several nonths at 47, Fluorescent antitaedy test CIFA) anticeons are senerally stored oo

smears al ~7070 and remzin usable for one vear or more, far crade extract of I, Lo

plasmodia has toen very labile, Storaze at =70°C has Leen essential. ihis labilite
stupgests that reactions ~ontnue in the andi luted preparati=n ond resalt in alteration 1 tha
effective antigzens, Triteetnnve preservations weed to Lo developoed,

The TN test ot fers certiar advantaces in the strolosy ol ralaria, It requires little

time per test: a technician working witn sonsitizsd oells «an titrate aver {00 sera por oo,

This mav Le further ioproved be thee wse of autoe=ated teciniquey, Tre antizZen reguires-at o
INV 15 eortainly much Bivher than rbat of the 10\ test, bat it utilizes simian plasic ha,
Each monkey can provide sufficient anticen for 7% 0 comnlete titrations of mre than 1. 0h
screeming tests, These characteristics wake possible the usce of the [\ tost in studies of
the scro-cpidemiolo,y of nalaria.

The use of filtrer-puper for the ecollcction of capillary hloot also extrnds the uselul: ..
of the THA test for field studics, sera collected on firlter=paper in tropical areas have
been mailed to the United sStates wd have Loon successfully tiirated tor antitody,

The aim of the [HA prosramae has heen to provide u sensitive seroloyic tool that can i
used effectively on s broad scale, both efficientls, incxpeasively, and with a hish de . e
of sensitivity and specificity, Surh a sersclozic tast may oo nouselal ancillary nert gy
the evaluztion and s.rvnillance of malaria eradica:icn proIranres, Tha test as deecrytad
in this manuscript 1s ' >ty sensitive and sprcitic, and it =m2ets the criteri. rar the sty
of the prevalence ot malarie ontibody in a paputation, The field evaluation of th:s
technigue rmust be errvaved oot vndoy coretul conltol situations, Jts ultinute nsofulrogs 1y,
walaria cradication merits support and coullaboration in such evaluation studies,

5. Surmary
An indirect haemazzlutination test for malaria has been cvaluated, AMtigen was prepared

from mature schizonts of Plaznodius "nowlasy harvested from the bleod of the rtesus ILEey,

The plasmodia were fread from red bleod cells with distilled vater and then disrupted 1n o
French pressure cell. A 2. NalCl extract of the disrupted plastodia was used to sensitizge

tanned human group U erythroeytes,

This 1A test has detected antibody titres of 1:16 or greater in 987 of slide-proven
cases of malaria and in less than 17 of sera fromn mdividuals without a history of malaria.
The major problems in this technique included harvestin: the correct stace of plasmody for
antigen, using the I'reneh pressure oo 1l and staring the Jahile disrupted proeparation,
Control of these vari.!!les has wade possible a 1est that can di-teet antibody acainst a
speetrum of plasmodia infocting primates with a minimal expenditure of antigen,

Evaluation of the teconique tor field studies 1 dicates @t plasma eluted from tilter
paper rectangles are suitable for titration. This nethod pegures further study,
'
Sero-cpidemioloieal studies with 10 938 sopra of military recruits frem four countries
In the Vestern ansplers saszest that the [THA test nay te usctul in the stady of the
epidremiolory of malaria Piserepancies botwecs the provalone of ralaria estieited by
serological methods and oy aetive and passive surseillance tequire further study and

evaluation.
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Fig. 2

THE GEOGRAPIIC DISTRIBUTION OF POSITIVE SEROLOGIC REACTORS IN UNITED STATES MILITARY RECRUITS
FOR MALARIA ANTIBODY AS DETERMINED BY TIHE PASSIVE MICRO-HAEMAGGLUTINATION TEST WITH AN ANTIGEN
PREPARED FROA PLASMODIUM KNOWLESI
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Fig. 3

THE GROGRAPHIC DISTRIBUTICN OF POSITIVE SHUROLOGIC REMCTORS IN BRAZILTAN WILITARY RMCQUITE
C1961) TOR MALARIA ANTIEUDY Ab BETFEUMINED BY PASSIVE MECRO-HARMAGALUTINATION VWITH AN
ANTIGEN PRYPAKED Fred PLASWORTI KNOWT NS T

¢ Fach dot represents 2% (or fraction of 2%) of sera reactive
in the THA test at a titre of 1:8 or greater,

Only stites with 24 or more seri are represented,

n 0% posltive,
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THE GEOGRAPHIC DISTRIBUTICN OF MALARIA [N BRAZIL (1963-1961) AS BETERMINED BY ACTIVE

SURVETLLANCE
AN

e Each dot represents 17 {or fraction of 17) of positive slides.
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pEACTeRS IN COLOMBIN MILITARY w#ECHL ] Vo
T PASSTIVE WHCRO=RAY MAGGLUTINATION 1T 20 7

o POSTTVIVE SrROLAGLE
L3 RFIUWNINTD RBY
FREPARED 1ROV 1L A (DI‘ R n‘."‘. R 51

D

THE GEOGRAPHIC BISTR LUt
(19066) FOR MALARTA AN LN
AN ANTIOES

e Tach dot represents §¢ (or fraction of 57) nf sera reactive
*

in the 1A test at a titre of 1:8 or greater,
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THE GEOGRAPHIC DESTOFUTION OF MALARTA IN (TV20018 (19560 AS DETFRMINFD Y ACTIVE 4
PASSIVE SURVETLIALCE

f)




DRLCLP W ISV DN EN OF DGR ETIVT SEROLOGIC FFACTORS TN

,\n~ ENPILENS ST UTARY BUCK' U1S C1an d= 19000 FOl MALARTA ANTIPOLY

AN CUFTECH D e I PASLIYT WICR=18 GG TN oy, S WITH
AN A LTTGES PREPARED 1RO P AouT e BN LS

F SO NPER, 1]
p..n_:l\ R4

TUCUMAN3L -

MISIONES

CiiAaco f\.’-' e

e \

\\ I/COQRI F/,é
~ S L/\/

, ‘9'7:Vfi:/
f‘. \ :: o ;E .0 Geoe

)
\coﬂtaf’n \ RIO‘» f

Rl

@ Even Joteop oot R L R A Y N T R T T
the fPrd v 0 o PR I B Y gerarm
Only st et L e Ly pem rezigsentad,

80" pasdt e


http:t;Iy",l'.Vr

ME/SGPM/WP /68, 1 1
Fig., 8 pagn 19

THE GEOGRAPHIC DISTRIBUTION OF SALARTA IN ARGENTINA (1061-1065) AS DETERMINED BY ACTIVE
AND PASSIVE SURVETLLANCE
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