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T it., serology of malaria has a long and varied history. Only in the 
last decade have new serologic techniques, such as the indirect 

fluorescent antibody and hemagglutination tests, been explored for use 
in solving problems associated with epidemiology, speciation, and diag­
nosis. In our laboratory, studies on the serology of malaria have been 
devoted to the evaluation of the indirect hemagglutination (II IA) test 
as an epidemiologic tool. Ve believe that malariometric techniques cur­
rently employed for the assessment and eradication of malaria are not 
adequate and that new methods requir. evaluation. This is especially 
true in the undeveloped areas of the w.,cid where trained manpower to 
conduct various aspects of case finding, fever and spleen surveys, and 
slide examination are lacking. We are also studying the indirect fluores­
cent antibody technique (IFA) with emphasis on its evaluation as a 
diagnostic method. I shall discuss some of the accomplishments of this 
program. 

IN LHRE(r HEMAUGLUrI NATION STUDIES 

Desowitz and Stein' and Stein and Desowitz" described an IHA test 
utilizing formalin and sheep red cells treated with tannic acid and 
sensitized with antigens from Ilarnodiun cynomolgi and P. coatneyi. 
This test was later used in a field study of malaria immunity in Austra­
lian New Guinea.3. 4 Bray and EI-Nahal9 

6reported difficulties with this 
test systc1 and recommended 'using fresh sheep red ceils treated with 
tannic acid. Mahoney et al.1 fractionated antigens from the plasmodia 
of P. knowlesi following disruption of the parasites in a French press. 

Prrtett.l as part of a Synposimn on Malaria sponsored by the Tropical Disease Center, SI.Clare's lospital, New York, N.Y., and The Merck Company Foundation, Rahway, N.J., held at theCenter. May 27, 2969.This study was suported in part by the U.S. State )epartment, Agency for International
IDevelujllent, Participating Agency Service Agreement (PASA) No. RA (HA) 5-611. 
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Since the IHA test has proved to be useful in seroepidemiologic 
studies on toxoplasmosis , " and other parasitic diseases,"' we attempted 
to standardize and evaluate the test for malaria." Antigen is prepared 
from lysing mature schizonts from splenectomized rhesus monkeys in­
fected with the Anopheles hackeri strain of P. knowlesi.* The infected 
cells are washed and lysed by adding at least io volumes of distilled 
water. The freed plasmodia were washed by centrifugation and stored 
at -7o C. Blood from a 3-ki. monkey could be processed in four 
hours to yield 5 to 20 ml. of plasmodial sediment. The plasmodia are 
disrupted by using a cooled French pressure cell,t operated at zo,ooo 
pounds per square inch. The antigen is quite labile and cannot be stored 
for long periods. Methods for stabilizing the antigen are currently under 
study. 

The IHIA test is carried out with human group ) erythrocytes that 
have been tanned with I: ,o,ooo tannic acid solution and sensitized with 
malaria antigen. A microtitration methoid employing o.o5-ml. dilutions 
of serum is used for antibody titration. 

To facilitate the collection of blood, samples obtained on filter paper 
by finger stick were compared with sera collected by venipuncture. 
These studies indicate that a finger-stick filter-paper technique yields 
comparable results and thus can be used to collect specimens in the 
field. The filter paper ROPACO 1o23.o38,J which met most of the re­
quirements, was cut in I X 3-inch rectangles and imprinted with two 
circles, each 14 mm. in diameter. For field studies the paper rectangles 
were returned to the diagnostic laboratory in plastic bags with glassine 
interleaves and a dessicant. 

In the laboratory a 13/32-inch disc was punched from within the 
filled circle. The disc was immersed in o.z ml. of phosphate buffered 
saline solution (PBSS) and agitated twice during the 30-minute soaking 
period. The disc was removed with a rod, which was rolled over it to 
express some of the eluate. Approximately 0.13 ml. of cluate could be 
obtained in this manner. The amount is approximately a i: ,6dilution 
of the original serum sample. 

To evaluate the test for specificity, sera from 61 residents of St. 
Lawrence Island, Alaska, iIchronic tuberculosis patients from Atlanta, 

'Laboratory of Parasite Chemotherapy NIH, Chamblee Ga. 
tAmerican Instrument Company, Inc., Silver Spring, Md. 
Rochester Paper Company, Rochester, Alich. 
Use of trade n.mes is for identification only and does not constitute endorsement by the Public 

Health Service or by theU. S. Department of Iealth, Education, and Welfare. 

Bull. N.Y.Acad. Med. 
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TAuLE I. TESTS ON THE SERA OF INDIVIDUALS HAVING NO
 
KNOWN HISTORY OF MALARIA
 

Titer 
Source 0 4 8 16 32+ Total 

Normal Alaskans U 3 1. 61 
Syphilis, primary

and secondary 28 2 8 4 1 43 
Chronic tuberculosis 5 4 2 11 
Parasitology battery 105 13 19 19 V" 4" 166 

'Inclides three cae, of schistoomjiasi and four case- of filariasis. 

'T'A.umI. TESTS OF TIlE SERA OF INDIVIDUALS WITH 
SLIDE-PROVED MALARIA 

Titer 
Species 0 1 8 1G 32+ Total 

P. vivax 
Honduras 1 0 o 0 2 127 10 

P. falciparum
U.S. 0 I 0 0 1 15 17 

Mixed specie, 
U.S. 2 0 0 3 3 77 85 

Mixed 	species 
U.S., Vietinm 5 0 0 1 2 127 185 

Ga., and 43 syphilis patients from throughout the United States were 
assumed to be from malaria-frce areas. A parasitology diagnostic battery 
of 166 sera were also tested. The sera contained 12 subgroups of speci­
imens known to be scrologically positive for echinucoccosis, filariasis, 
schistosomiasis, trichinosis, or other nonmalarious diseases, or negative 
for all these diseases. Titers of i: 16 and greater were uncommon (o.9%) 
in sera assumed to be free of antibody against malaria (Table I). In the 
parasitology diagnostic battery, sera with titers of i:1 6 or greater (6%) 
may represent true positives because they were collected from individ­
uals living in areas where malaria may be endemic. 

To evaluate the test for sensitivity, specimens from patients with 
proved infections were evaluated. Sera from 17 cases of 1P.falciparunm 
infection primarily represented citizens of the United States who con-

Vol. 45, No. 10, October 1969 
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TArLz III. MALARIA ANTIBODY TITERS OBTAINED WITH MILITARY RECRUIT SERA 

Country 

United States 
Brazil 
Colombia 
Argentina 

Total 

2,237 
2,681 
2,961 
3,077 

0 

2,203 
1,979 
2,162 
2,877 

2 

7 
76 
62 

3 

58 

4 

7 
68 

108 

8 

13 
153 
134 

9 

100 

16 

7 
134 
166 

7 

30 

Titera 
32 64 

129 59 
146 93 

81 

10 

128 

34 
46 

4. 

2 

26 

27 
31 

512 

12 
8 

1,024 

8 
2 

2 48 

2 
1 

4.096 

2 
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traced malaria in a country with knon endemic malaria. The sera from230 persons with P. vivax infection ere collected in a hyperendemicfocus of malaria in Honduras. 

Testing sera from persons with malaria diagnosed by blood-smear 
examination revealed a sensitivity of 96% when a titer of 1:16 or greater 
was considered a positive reaction (Table II). Sera were collected and 
stored at -2o0 C. over a 12-month period without a change of titer. 

To evaluate the test for seroepidemiologic studies, 10,956 serum 
specimens representing four collections of military-recruit sera were 
tested. The subjects were males varying in age from 18-22 years. The 
collections consisted of 2,237 sera from the United States, 2,681 from 
Brazil, 2,961 from Colombia, and 3,077 from Argentina. Table III lists 
the titers obtained with the military recruit sera. For epidemiologic 
purposes, a titer of 1:8 or greater was considered positive. This deci-

Vol. 45, No. 10, October 1969 
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TAUL' IV. BRAZIL: COMPARISON OF SROLOGIC AND BIOOI)-SLIDE 
lESULTS FOR MALARIA FROM STAT'.;ES FROM WHICH BOTH I)ATA 

WERE AVAILABILE. STATEIS AiIt, RANKEI) IOM 1111IIESTT() 
LOWEST VAIUE. 

Serology slide examiation 

Rank 
State 
code Name of state 

Per cet 
positive 

State 
rode Name of state 

Per rent 
positive 

1 3 Roraima 100 3 Rtorirn 16.8 
2 4 Amazoois 39.8 25 (htias 1.5.7 
:I 5 Para 39.3 7 Maranhio 15.5 
.l. 2 Acre 37.5 5 lPara 14.1 
5 12 Pernambuco 33.6 lei Bahia 8.7 
1 7 MaranhAn 27.6 8 Pialii 1ii 
7 25 Golas 25.6 1. Anmazons 5.5 
8 24 Mato Groussi 25.4 2 Avre 4.7 
9 13 Alag6as 25.0 Is Espirito Smnub I..1; 

1(1 8 Piala 23.3 2 Mato (;rosso 3.5 
11 17 Minas Gerais 18.6 17 Minas (eraris 3.4 
12 16 Bahia 17.3 22 Santa ('atrina 3.3 
13 10 Rio Grande do Norte 15.8 9 Ceard 2.3 
14 22 Santa Catarina 12.5 21 Parand. 2.0 
15 11 Paraiha 8.8 12 Pernamlhoci 1.3 
16 19 Ric) de .1aneiro 8.3 19 Rio de .Janciro 0.16 
17 9 Ceard 4.6 1I Paraiha 0.4 
18 21 Paranit 4.3 27 (0ualhra 11.3 
19 15 Sergipe 0.0 15 Sergipe 0.1 
20 18 Espirito Santo 0.0 13 Aiagas 01.0 
21 27 Guanabara 0.0 10 1io (Gran( (ho North (.0 

sion was )ased on the frequency distrilution of the titers iII C:lch col­
leetion as shown in Figure z. 0On this basis, the following prc'llce of 
positive reactors wvcre obtained: United States, 2() (1;,) specimlens 

positive; Brazil, 558 (21 " ) specimens positive; Coloniihi, 69 (: 1 
specimens positive; and Argentina, 142 (4.6 ) spccimns positive. The 

similar frequency distribution of titers obtained in Brazil and Colombia, 
where malaria is widely endemic, and the lower frequency distribution 
in Argentina, where malaria endemicity occurs at a low level in limited 
parts of the country, suggest that the test is measuring specific malaria 
antibody. 

The sera positivity rate diffcrs markedly from the rate of malaria 
positivity obtained by blood-smear examination in countries where 
malaria is endemic. In the United States collection, 99,. of the scra 
examined were negative. This finding attests to the high specificity of 
the test in confirming the absence of malaria in this country. In Brazil 
and Colombia the serologic prevalence rate Was 2 % but the slide pos­
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itivity rates for these countries varied from 3 to 5%. The discrepancy 
in the two methods is probably due to the fact that the IHA*test can 
detect antibody in the blood of an individual many years after infection, 
whereas the slide method detects only parasites present at the moment 
the blood is taken for examination. Comparison of serologic and blood­
slide results from states in Brazil from which both data were available 
(Table IV) indicates that 8 of the io states with the highest serologic 
prevalence rates were also among the io states with the highest slide­
positive rates. The same correlation was found in Colombia. The high 
correlation suggests that both methods are measuring the prevalence of 
malaria. 

The persistence of the hemagglutination antibody can best be studied 
in areas where malaria has been eradicated or in individuals who have 
received radical curative treatment and do not live in endemic areas. A 
study, in an area where mlaria has been eradicated was made in Tobago. 
The last case of autochthonous malaria was reported in Tobago in 1953 
and, except for a small introduced outbreak of P. malariae in 1966, the 
island has remained free of malaria. Through the courtesy of Wilbur 
Downs 84 sera collected in 1955 in Tobago were titrated for malaria 
antibody. In 1969 a second collection vas made, and 40 of the individ­
uals whose sera wire collected in 1955 were bled again. Twenty-three 
sera were obtained by venipuncture and 13 by the filter-paper method. 
The prevalence for the 4o individuals fell from 84% to io/o and the 
geometric mean reciprocal titer from 52.5 to 3.3. Because the minimal 
detectable titer indicated with filter paper is ,: 16, all negative sera are 
considered ,:z dilutions for calculating the geometric mean reciprocal 
titer. The four positive individuals were the oldest people in the sample, 
and their titers were 1:128, 1:64, 1:16, and i:t6. The prevalence of 
ialaria antibody in the 943 individuals sampled from five areas in 

Tobago was 1.52% and the geometric mean reciprocal titer was ,:/. 
These studies indicate that malaria has indeed been eradicated in the 
island and that antibodies can persist in some individuals for at least 
14 years. 

A potential use of the serologic method is to delineate the extent of 
ualaria transmission. The question of whether malaria is being trans­
initted in Nepal above an elevation of 4,000 feet was studied. In a 
collection of 163 individuals living in villages above this altitude, 22 

(1 3.5%) were positive. Of the 22 positive, 19 were males with a history 

Vol. 45, No. 10, October 1969 
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. 9 33/ 35.4/9 4 

1.6./2.3-8/. / 3.63 35. . 

Numbers refer to Percent Positive/mean titer 29.9/8.6"-

Fig. 2. Distribution of innlnri,, antibodies and geometric lnean reciprocal fortiters a
number of villages in the province of Cotahato on the island of Mindano, Philippine 

Republic. 

of travel to areas below 4,00o feet. This contrasted with a prevalencc of 
40% for 502 samples in an cndemic area heloV 4,000 feet. In Ethiopia 
only 23% of 92 sera collected from individuals living above 6,ooo feet 
Were positive compared to 58% of 122 samples collected below 6,ooo 
feet. 

The IHA test may also be useful in detecting focal outbreaks of 
malaria in an endemic area. In a Philippine study done in the province of 
Cotabato, the prevalence of malarial IHA antibody ranged from lo to 
56%. Two villages with positive serologic rates of 3o and 56% and high 
geometric mean reciprocal titers were found in a geographical cluster 
of villages witt, rates ranging from io to 15% and low mean titers 
(Figure 2). These data suggest that in the two villages with high serolo­
gic prevalence, active transmission may be taking place. These malaria 
"hot spots" can be readily detected with such a survey method. 

In Ethiopia serum samples taken in two locations in both wet and 
dry seasons showed that the positivity rate and the mean titer increased 

Bull. N.Y.Acad. Med. 
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Fig. 3. Relation between the per cent of the population sampled and the geomnetric 
mnean reciprm.-al titer for nutlaria hernagglutination antibody In it number of surveys. 

TABLE V. HTIOP1A: SEASONAL,FLUCTUATION OF
 
MALAIA ANTIBODY ,VELS
 

June 6938 (dry) October 1968 (et) 

Loentiou Per cent positive Menn titer Per rent positive Mtean titer 

On Hagar School 50.0 18. 0 65.5 30.5 

fluntera Farms 68.1,. 56.1 78.2 113.0 

markedly in the wet season, tile time of peak transmission. This finding 
indicates tile potential use of the IHA test inmonitoring seasonal 
changes in malaria transmission (Table X7). 

A correlation between the mean geometric reciprocal titer for a 
survey population and the endemicity of malaria is apparent. "Fo date 
approximately 20,000 sera, representing collections from the WVestern 
Hemisphere, Africa, and Asia have been titrated. Trhese were all "grab
samples" and reprsentod many types of populations and epideiologic 
situations. The number is large, however, and many of the biases may 

Vol.45,No. 10,October 1969
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have been canceled out. This point, however, cannot be assumed and 
matched populations will be studied. Vhen one plots, on a logarithmic 
scale, the geometric mean titer versus the per cent positive in the collec­
tion, a straight-line relation appears (Figure 3). Serial specimens drawn 
from a single area but under differing cpidemiologic situations move 
along this line in a predictable manner. This suggests that if a large 
number of samples arc collected from an area, one may readily charac­
terize the endemicity of malaria as hypoendemic, endemic, or holo­
endemic. Specimens collected at various intervals will make it possible 
to assess changes in malaria incidence in an area. This assessment can be 
made rapidly because a collection of several thousand sera can be 
titrated in a few days by the microtitration method. 

In summary: the IIA test may have specialized applications in as­
sessing the prevalence of malaria. Because of the long duration of 
malaria antibody in a person who has been infected, recent outbreaks 
of malaria can be detected only by testing young children or by noting 
a rise in the geometric mean titer over a given period. Since the mean 
geometric titer and per cent positive of a carefully selected cross section 
of the population reflects the endemicity of malaria, small surveys in 
selected areas will readily detect focal outlbrcaks or a change in the 
epidemiology of the infection. The technique can be used to delineate 
the extent of malaria in a country. Other more practical applications, 
such as monitoring the effect of cradication, or a chemoproplylaxis 
program in endemic areis, are under study. 

ILUORESCENT AN'IloDm STUDIES 

The fluorescent antibody (FA) test for malaria was initially intro­
duced by Tobie and Coatncy 12 and Voller and Bray.'" In the last few 
years a number of workers have made important contributions with 
this method. 4' The FA test is the serologic technique most widely 
used for the diagnosis of malaria at the present time. Reports by Mc-
Gregor et al., in Gambia, West Africa, on the use of the fluorescent 
antibody technique to measure the status of immunity in a population 
residing in an endemic area have shown that serologic methods may be 
used to good advantage in the epidemiologic assessment of malaria en­
demicity. 

The FA test, because of technical problems, does not lend itself to 
mass-screening methods. Nonetheless epidemiologic surveys on relative-

Bull. N. Y. Acad. Med. 
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T'rAniz VI. NIIMB5EII AND PER CENT OF REACTORS 'TO THREE
 
PIJASMODIUM ANTIGENS AMONG 181 SERA FROM INDIVIDUALS
 
NOT EXPOSED TO MALARIA AND 49 SERA FROM INDIVIDUALS
 

WITHlA POSITIVE SiIDE DIAGNOSIS*
 

IVashed-rell thick-amnenr antiqpnl 
P. faleiparunm P. vivax P. braLsilianun 

Siro group I'iters No. % No, % No. % 

),onrs not exposed Negative 157 i85.3 ISO 97.8 183 99.5 
In malari 1 :It 26 1*.2 1. 2.2 I 0.11 

1:116 I 0.5 0 0.0 0 0.0 

I),mors with positive Negntiv. t; 12.2 . 8.2 .) 18.4 
slide dilng.1' 1:4 1( 20.4 1 8.2 :l 6.I 

I:14; :1! fi7A 41 83.6 :17 75.5 

"t -l, r rhiedhIty ierniiioo fiom : Siler. A. JL. Vi otn i M. a Ia all E. C. In i rect fltore cent 
.4,iiilmilly IvI% for ,arasitic ilkcati. V. Ali eval ;t itio of a thick-near antigen it, the IFA test for 
malaria aii lihilie . .4rir. 1. 7'rr. ied. 18:19109 . . 1960. 

tAll sera in thuo- gr I.lIi hIa Prevoilotly hall liters of at leasl 1:16 witll ilie of the three alititgemt.

()n ili06 -,io ii titration. twif, , i e.e s,ra h il i ativ, reaction%with all three atitigrtim.
 

ly large groups of individuals have been made in Nigeria by Collins 
er al.2' and Voller and Bruce-Chwatt.r2 

Use of a soluble antigen fluorescent antibody test with P. falciparum 
and chimpanzee erythrocyte lysates from experimental infections in 
chimpanzees as antigens adsorbed to cellulose acetate discs may be a 
more rapid means of performing the fluorescent antibody technique. 
A stable antigen fractionated by sequential elution with chronatography 
from a DEAE Sephadex A 25 colunin gave fractions that w,'ere very 
active in this test. Approximately 50,000 tests can be performed with 
the amount of antigen normally collected from one infected chimpan­
zee. This technique is very promisit% and merits further study because 
fluorescence is read by a fluorometer, and objective criteria of positive 
and negative reactions are possible. 

Ve have used a washed-cell thick-smear antigen in all our IFA 
studies.'" \Washing the parasitized cells removes soluble serumir com­

ponents, especially gamna globulin that may contain malaria antibody 
and thus may interfere in the test. When such a washed antigen is pre­
pared as a thick smear, the number of plasmodia per field can be con­
trolled. This greatly facilitates the reading of the test results.' ' 

The sensitivity and specificity of the test are very high. 9 These 
parameters were evaluated with a battery of 232 sera, of which 184 
were from persons never expotied to malaria and 49 from persons with 
patent plasmodial infections. All sera were randomized, coded, and 

Vol. 45, No. 10, October 1969 
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TABLE VII. DISTRIBUTION OF TI IERSFOR TWO ANTISERA WITI 
FOUR ANTIGENS IN THE INDIRECT FI,UOIRESCENT ANTIBODY 

(IFA) TEST FOR MAI,ARIA • 

Plasmodium .Autigen s
 
Reci.rocal 
 P. vivnx P'. falciptltni 1P.brasiliintmttit§ P. fleldlTIter IH.T.t MOR.* E.T. MOR. E.X. MOR. E.T. MOR. 

Negative 6 4 2
4 11. 9 2 3
 

16 1; 9 122 27 26 10 8 
64 29 30 28 2
 

256 1 
 6
 
1,024 
 34
 
4,096 *1
 

Total
 
repliates 1.5 44) 
 .50 49i P2 38 12 13 

*Reproduced by perission
antibody 

from: Sulzer, A. I., Wilson. M. and lall. E. C. Indirect fluorescenttests for parasitic diseases. An evaluation of a thickosmear antigen in the IFA test formalaria antibodies .4mer. J. Trot. Med. 18:199.205, 1969. 
tPlastnodiuo, malariac demonstrated in circulating blood. Motlher of an infant with congenitalmalaria. 
ti)istrict medical officer, Sepik, New (;uinea. Reported Plasmodiuon vivax infection with treatment 

one year prior to sampling.

1P. brasilianum antigen was used 
 as an equivalent to P. snulariae. 

tested with antigens prepared from Plasmodium vivax, P. falciparulm, 
and P. brasilianum, the latter used as a substitute for P. malariae. As 
seen in Table VI only one of the sera from the nonexposed group had a 
positive reaction at i: 16 with the P. falciparum antigen. Specificity is,
therefore, greater than 99%o. The false positive rates with the P. brasili­
aumi and P. vi'ax antigens at the 1:4 dilution were less than 3%, but 
14,, of the sera reacted with the P. falciparumn antigen. For this reason 
a positive reaction at 1:4 with any antigen species is regarded as a ques­
tionable positive, and the lowest acceptable diagnostic titer for malaria 
is 1:16. 

The 49 positive sera included in this battery had been tested pre­
viously and found to have low antibody concentration. Sera of low 
titer were chosen so that the most rigorous test of sensitivity might be 
made. The inclusion of many sera of high antibody titers, which are 
readily detected by serologic tests, would give a sensitivity rate that 
might be misleading. As noted in the footnote to Table VI, two of the 
sera retested gave no reaction at the 1: 16 dilution with any of the 
antigens. This constituted a false negative rate of less than 5%. All other 
sera were positive at 1:16 with at least one antigen. Some sera reacted 

Bull. N.Y.Acad. Med. 
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only with their homologous antigen. For a diagnostic procedure with 
the highest sensitivity homologous antigens of the human species should 
be employed. For this reason we maintain P. vivax and P. falciparum 
in Aotus sp. and Ateles sp. monkeys respectively. If homologous human 
plasmodial antigens are not available, however, a P. vivax antigen may 
be used. With this antigen, the specificity would be better than 95%; 
the sensitivity with sera of low titer about 92%. 

Reproducibility of titers with the thick-smear antigen on a test-to­
test basis is excellent (Table VII). Two positive sera were tested with 
each of four antigen species many times. All titers were replicated with­
in plus or minus one fourfold dilution except for the MOR. serum 
tested with the P. falciparzmo antigen. 

The IFA test can be used to determine the infecting plasmodium 
species when one cannot make a determination with stained blood 
slides.30 Etiologic diagnosis may be difficult because the parasites may 
have been distorted by the effect of drugs, the parasitemia too scanty 
to reveal diagnostic forms, or the species identification in doubt because 
the slides were improperly prepared. The method may be used to detect 
responsible donors in transfusion malaria. 

An evaluation of species identification was made with 206 sera from 
93 military personnel who, after returning from Southeast Asia, re­
lapsed with malaria infections. Both acute and convalescent sera were 
tested. In each case, the infecting plasmodium species was determined 
by stained blood slides. Since only P. vivax and P. falciparum infections 
were involved, antigens of these two species alone were employed in the 
evaluation. 

Comparisons were miade on the basis of fourfold titer differences 
with the two antigens. The species representing the antigen that gave 
the highest titer was designated as the infecting species. When matched 
with the slide results, the correct species was identified serologically for 
89% of the specimens. Six per cent gave the same titer for both antigens; 
one case (o.5%) was misdiagnosed, and 5% were negative. Species de­
terminations have become routine in our laboratory and have proved 
very useful in transfusion malaria and in correcting some misdiagnoses 
based on improperly stained blood films. 

The rise and fall of antibody titer in returning military personnel 
may be useful diagnostically in that high antibody titer may indicate 
recent or current infection, especially if there is no history of recent 
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treatment."' Sera from 69 individuals reporting to a military hospital in 
the United States with clinical cases of malaria were studied. In the 
first two weeks after onset of symptoms the titers were relatively high, 
with a geometric mean of 1:184. After six months of treatment the 
titers fell to a imean of j:9. In this group only one serum had a titer of 
1:256. These data clearly suggest that a titer of i:z6 in a returning 
soldier indicates recent malaria infection. If there is no history of treat­
ment and if parasitemia is not detectable an antibody titer of ,:z56 may 
be regarded as serologic evidence of current malaria infection. 

In summary: when a washed-cell thick-smear antigen is used, the 
IFA test for malaria gives good reproducibility, sensitivity, and speci­
ficity. The infecting species of nmalaria can be identified serologically. 
When malaria is suspected but definitive diagnosis cannot be made by 
stained blood film, IFA test results may be useful. For maximum diag­
nostic sensitivity, homologous plasmodial species antigen should be used. 
Human plasmodial species from infections in Aotus and Ateles monkeys 
make excellent antigen. 1'. brasilianmi' appears to give serological re­
sults identical with those of P. nmalariae antigen. 

SUMMARY 

Studies in progress on the application of the indirect hemagglutina­
tion test for epidemiologic purposes of malaria are outlined. The test is 
both sensitive and specific, and antibody can be titrated from plasma 
eluted from filter paper. The technique may be used to determine sero­
logic positive rates in a population, to determine the extent of malaria 
transmission, and to characterize the endemicity of malaria. 

The indirect fluorescent antibody test is also under evaluation for 
diagnostic purposes. Evaluation of sensitivity and specificity using a 
washed-cell thick-smear antigen indicates a procedure of high sensitivity 
and specificity. Species indentification by using homologous malarial 
antigen is possible. The significance anti duration of antibody in indi­
viduals who have undergone radical cure hy chemotherapy shows a 
fall in titer to levels below 1:256 in six months. Human plasmodial 
species in monkeys may be used as antigen. 

ACKNOWLEDGMENTS 

We extend thanks to all the individuals who have collaborated with 
us to make these studies possible: to Dr. W. A. Rogers for initiating 

Bull. N. Y. Acad. Med. 



SEROLOGY OF MALARIA 1 04 1 

Many of these studies when he was in charge of the Malaria Serology
Lal)ratory; to Dr. Tom Vernon for his collaboration in Nepal; to Dr. 
Saul Putan for his collaboration in Ethiopia; to Dr. A. S. Evans, 
director of the VHO Reference Serum Bank at Yale University for 
making thc Philippine and Western Hemisphere collections available; 
and to Dr. George Fisher for his help in Tobago. 

RIV Elt BNCIVS 
I. 	 i)esowilz, It. S. and Stein, I. A tanned 

red cell hcinagglutinatihm test using
Plhsmodium l erhei antigen and ho-
inologous antisera. Trans. Roy. Soc. 
Trop. .1led. Iyy. 56:257, 1902. 

2. 	 Stein, 11. and Desowitz, It. S. The 
ileasulririn t of antibody in lnuian 
malaria by a formalized tanned sheep 
cell hacniggluination test. Bull. IHO 
80:45-49, 19(4. 

a. 	 l)esowitz, It. S. and Suave, J. .1. Thie 
application of the aeniagglutination 
test to a stidy of the inuniy to lt-
laria in protected and unprotected pop-
ulation groups in Australian New 
Guinea. Bull. ht'7IO 3:49-59, 1065. 

t. 	 Desowitz, It. S., Saave, .1. .1. and 
B. 	 The application of tile Indirect hae-
magglutination 	 test in recent studies on
ie imiimino-elideniiology of hunian ura-

Toxophtfmin joudii. 2. Brazil. -liner.J. 
Epidem. 86:305-13, 1967. 

i. 	 Cuadrado, R. It. and Kagan, 1. G. The 
prevalence of antibodies to parasitic 
diseases in sera of young army recruits 
front the United States and Brazil. 
..inter.J. Epidem. 86:33040, 1967. 

I. 	 itogers, W. A., Fried, J. A. and Kagaii, 
I. G. A modified, indirect inicrohenig­
glutination test for nalaria. emer. .1. 
Trop. Med. 17:804, 1968. 

12. 	 Tobie, J. E. and (]uoatney,G. It. Fluo­
rescent antibody staining of human no­
laria lparasit.s. E.rp. Pirasit. 11:128.32, 
1961. 

I. 	 Voller, A. and Bray, It. S. Fluorescent 
antibody staining as meaure of ma­
lanib antibody. asp. Sc. rProc. iol, 
lra 110:907-10, 1962. 

laria andt lhe ininine response in ex-
perimental malaria. Milit. Med. 181: 
(Suppl.): 1157-66, 1966. 

5. 	 B ray, R. 5. and EI-Naihal, 11. h. S. 
Antibody estinmationIby passive haemag-
glutination in inalaria and leislimania-
sis. Trrans. Itoej. Se. 7'rop. Med. lly . 

00:423-24, 196(.
G;. Bray, It. S. and EI-Nahal, it. t S. 

Indirect Iiacnagglutination test for in-
laria. Natre 212:83, 1966. 

7. 	 Mahoney, I). F., itedington, B. C. and 
Schoenbechler, M. .1. The preparation 
and serologic activity of plasmodial 
fractions. Milit. Med. 131: (Suppl.): 
1141-51, 1966. 

8. 	 Walls, K. W., Kagan, I. G. and Turner, 
A. Studies on the prevalence of anti-
bodies to Toxophism goadi, 1. U.S. 
nilitary recruits. 4mer. J. Epidem. 85: 
87-92, 1967. 

9. Walls, K. W. and Kagan, I. G. Studies 
on the prevalence of antibodies to 

Vol. 45, No. 10, October 1969 

(lieimuno-c~dedoloy o hunan na-14. Kuivin, S. F., TIobie, .1. L., Evans, C.It.	Kuvi n , . . a n . , a s, P . 
1., Coatney, G. t. and Contacs, P. A. 
Antilbdy production in himin mahtria 
as determined by the fluorescent anti­
body technique. Science 115 :1130-31. 
1962. 

15. oavin,S. F., Tobia, J. E., Evans, C. 
B., Coatney, G. R. and Contneos, P. A. 
Fluorescent antibody studies on the 
course of antibod'y prnducth.. and 
serum ganiia globulin levels in normal 
volunteers infected with human and 
!.iinian inlaria. 4mer. .. Trolp. Med. 
I/:129-4-36. 1962. 

16. 	 Garnham, P. C. C., Pierce, A. E. and 
Roilt, i. Immunity to Protozoa. Ox­
ford, Blackwell, p. 3, 1963. 

17. 	 Tobie, J. H. Detection of nalarla anti­
bodies-immunodiagnosls. Amer. J. Trop. 
Med. 13 (Suppl.): 195-203, 1964. 

18. 	 Corrndetti, A., Verolini, F., Sebastlani, 
A., Proiettl, A. M. and Anati, L. 
Fluorescent antibody testing with 

http:11:128.32


I C" 2 1. ;. KAGAN 

spor, zoltes of plasmodlna. Bull. H'lO 
30:717-.50, I!1ti.. 

1t). 	 Volh'r, .A. lohorescenl antibody mleth-

ids 	and their use iii imalara reserheh. 
Bull. I'IIO JO :I-5-. IM tIIiI.. 

21.). Coldlins, W, E., Skinner, .1. C'., Glinll, 

E. A., )iirovoly, ( . . nd .Jlis, 
F. E. FlIhoreslent antiii ltvruttionis 
aiga inst six spei.Is iesf simian mlahria 

AND CVI1TIIiS 

(olei, S. Tretmntini of Eaist African 
1. fahe'iporum noii with A f­ria %%West 
rivant human -,-gloloolin. Tlraits. Roy. 

S.w'. Trol.l. H,,.I ;;:1719-76 1 11;i.,jq. 

26..Mt'lregor. I. A., Williams. K., V.lher. 
.A. 11l1d lilhIIwiez, WV. Z. Jllllllllll11hl­

re.s.'ieee .1 I 'hemIetisurinreuil of Jill­
uomo re.".;Ims,' tophyIilith.Iit. iiinllriiD. 
"rny. H11y. So,. "rro.. l.rd. II ql. 511: 

in Imionke s from India and M vlaysihi. ;Ill.- It, 1Imm. 
.1. Plrtmil. 51:8l-91,, 19165. 

21. 	 Collins, W. E Iv , M., (G;lin 

E,. and Skiin.r, .1. C. Flohireseni anti 

hod* i,% studies 
Cross re:l'lii, 

sinin ,malaria. 
).;: IIM, IR9151. 

22. 	 l.un, I. S., (hin, 
and (atimly, A. 
body titers atid 

tions dui ring tile 
inife'tions witi 

Iiiin malarta.n IV. 
between hllll ll ,I 

.. minr. .1. Trap. .11d. 

W.. ('.ntis, I'. A 
It. Changes ili anti 

serllin lritein frae-

roorse of .rolmg..it 
vivax or with fal.i 

piariln IiahliriA...1 mir. .. TrptI. .1.-I.5:3}-10, ]Tf. 

23. 	 Collins, W. I".., Skini..r, .I. C. ;iind Cuif 
1man, II. E. Ilihiri.seetil antiii.lv slh,, 
ies in }iuitln ailaria. V. Itesjimiil. ,l 
seril firont Nigeri;iins ti live I'I'u.sv,, 
diuiil tintigens. .1tner. J. /rlup. .1t.ed 
16;.56ti-71, 

2.. Viiler, A. 
Semrilligiciil 

Bull. IHIl) 
Mc.'irregior, 

19657. 

iilillnrire-(tho ill, I..I 
Iinlaiiri siirv. s ii, Nlgeri.i. 

.I:83-97, I19im. 
I. .('arrhingl, S. a,di 

27. .ilin, I. II. an.l (;orc, It. %V. Mas. 
d. liistic test osiiig l'hni.,lolhillot fil. 
'apram i chimpii,i,,l.g,*. ,rytlhroelI.. 
Ivsah.. I.,.i. I',r, il..- ..2 7 M-., IIH. 

2Sii"., SoI.er, A. .. ,l Wili,, M Th.e use 

if tllik-.,i,.;i r antiglli ,lides in the nla­
lari;. imdire.t t'i.remvi'i iiitihd.y tst. 
./. ar,.vit. -7-'I II0-I I, 196T. 

"29. :iomlr, .A. I., Wilm,,n, l. anid MIN. El 
I. 	 hidiretlI iirestriilt olibidy tests 

1'-lr iirasiti. discsii. V..\ i'A;Ii:,li .ll, 
-f a tlhik-simiear antigi iin liie IeFA 

Itst for mal;aria :niiiiii. .. iirr..I.
lrili,..Ml-f .l . ill -2lr., plii). 

3o,. (;hies,.i, N. N.. \Wilsm, M., S Ier, .\ 
.1. and Itlliik, K. Si 1l,,gii.;Il Speria 

ii tif I'/a,,,,ni,,,um vw' aindt I'. fill 
.';a rtut hif..oits ial;iai;i I"l'Ailion yI.the 

h'As..wr.. ./, frlp. Mid. Ii prtess.
 

:11 Wils,,i, NJ., Silzir, ... I. and Itiilnrik,
 
K. Th. re.I-limiiih i(f ialiri i ;iliiptihd 
titer thrnp0irasiiii;is i,i,, l lhiiIN. 
idirir-t tlior,.si.it i,,0ilii0y tesl 
.Ainr J. T'rop. .1-,'°I Ini p ress. 

Pr-- ol Chal-. r.%toltjhndCo..,Inc.. N. Y. C. 

4853921170 

http:tlior,.si.it
http:h'As..wr
http:I'I'u.sv
http:antiii.lv
http:30:717-.50

