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Seroepidemiological Studies by Indirect
 
Haemagglutination Tests for Malaria
 
Military Recruit Collections from Argentina, Brazil,
 

Colombia, and the United States of America *
 

IRVING G. KAGAN,' Ph.D.. HENRY M. MATHEWS," Ph.D., 
WALLACE A. ROGERS. Jr. :' M. 1). & JANET FRIE) 4 

Seroepideiniologicalstudies Il I) 956 sera o milhar' recrtdisfrom 4 countries t ithe 
li'(stern Hemisphere sugest that the indirect haeniac',hitinaiiontest empoh*yin.q an antigen
prepared froin Plasmodium knowlesi adsorbed to hluman q'ouqp 0 ervthrocytes mav beulse/id inl .'pidentiogwal stutdies of innularia. 1tascd 'n ai litre ov"l: 8. or hte,er, in at micro
titration of sermia, the pre'alence of serological r'actors in the collectiot of sera frotn 

.... USA recruits was 0.9%, in the Argentina collection 4.6 °0. i the Bra:il colh'ciion 20.8 %," * ,"• and in the Colonitia collection 21.3 I,I Bra:il wnd ('olontia ithi' distrihtitio ./ .iro
hgical reactors correlatedivith the distribttion of mtialria as dhternemtd h' active and 
passive surreillance. ht .Alrgentinta.sero ,ical teactors tiere iold in states iherc' tcire 
antd passiv .'ttt'eilatice indicated that nutaria had heen i'(rtdictthd' .'c'ars tt4'o. 

Epidemiological studies for the prevalence of 
malaria are being made by the classical methods of 
fever surveys, spleen-index surveys, or blood-slide 
examination for parasites. At the present time the 
indirect fluorescent antibody (117A) and indir.ct 
haernagglutinalion (IHA) tests hold much promise as 
serological tools for evaluating plasmodial antibody 
in individuals and in populationmc. The IFA test is 
admirably suited for diagnostic purposes but, until 
the technique can be simplified or mechanized, 
it cannot be seriously considered for large-scale 
epidemiological studies. The IHA test. used for 
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field studies by Desowitz & Saave (1965) in Australia 
and New Guinea, showed promise as an epidernio
logical tool. In our laboralory tie variables asso
ciated with the indirect haernagglutination technique 
were carefully examined. and a reproducible test of 
high sensitivity and specificity was developed (Rogers, 
Fried & Kagan. 1968). This technique employed a 
soluble extract of Plastnodiin knowlcsi adsorbed to 
huLan group 0 red cells. The antigen is prepared 
by using a French press essentially as described by 
Mahoney, Redington & Schoenlbechler (1966). 

In the present study, this method was used to 
evaluate malaria antibody in 4 collections of sera 
obtained from military recruits in the Western
Hemisphere. The test was shown to be feasible for 

epidemiological studies. 

NAIMERIALS AND MiTItODS 

Antigen preparation 

Splencomized rhesus monkeys were infected 
with the Anophelcs hackeri strain of P. knowlesil 

by blood transfer. The aninials were anaesthetized 

* Laboratory of' Parasite Chemotherapy, National Insti
tutes or Health, Chamblee, Ga., USA. 
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826 I. 6. KAGAN 

da t n or more of' their red 

blood cells contained mature schizonts. Either hepa-

rin or sodium citrate was used as an anticoagulant. 
All further procedures were carried out at 4 C. 

The blood cells were washed 3 times in 10 volumes 

of 0.85 % saline solution by centrifuging at 1100 g 

for 5 minutcs and lysed by adding at least 10 volumes 
of distilled water. After the lixture had been centri-
fuged at 3000 g for 5 minutes, the sediment consisted 
of plasmodia, leucocyte nuclei, and some red-cell 
stronla. Washing the sediment 3 times with saline 
solution facilitated removal of most of the fluffy 
white stroma. The final sediment was stored at 
--70 C before further processing. Blood I'r'om a 

mronkc) weighing 3 kg could be processed to yield 
5 Ull-20 ml ofiplasmodial sediment in 4 hours. 

For further preparation, the plaslodia \were 

thawed in tepid water and placed in a cooled French 
)ressure cell.' Two volumes of antigen di luent 

(equal volum1es of 4%, NaCI and M/15Iphosplhate 
buffer at pHl 6.4) were then added. Tie cell was 
operated at 2)000 lbf/in2 (1406 kgf'/cnl . The 
antigen diluent used for rinsing the cell broLighlt 
tile final v,,olumine to 4 times the vollel of tile 
plasnilodial sediment. rile disrupted maierial \\as 
centrifuged at 800)() g for 15 minh. Tle colouIr 
of (he supernatlmin \,Is taln to pink, and it \\as 
opalescent; tile residue was black and appeared to 
consist of malaria pigment and all'orphous debris, 
The supei'natant was considered to be undiluted 

antigen and was used as such, or. when titration 
tests showed that dilution was compatible with suit-

able cell sensitivity, it was diluted with antigen 
diluent. Tie undihiltCd aIitigen \as stored at 70 C. 

''s' ploot'f1111l'. 

Iluman group 0 blood, either fresh or stored for 

less than 21 days in acid-citrate-dextrose at 4 C. 

was waslhed 3 linies with phos)lat :-buffered saline 

(13S) solution (equal volunies of J.85",, NaCI and 

M/15 phosphate buffer at pH1 7.2). The bully coat 

was discarded. Tile erythrocytcs \\erc suspended
in 40 volunies ofrIBS. and an equal volume of 

I :20 0() (wv) tannic acid in PB1S was added. The 

mixure was incubated for 15 mini in an ice-bath. 

After the cells had bcmn \,:ished twice \itlh PI1S. the) 

were ready for sensitizing, 

American Inslrunmeni Company. Inc.. Siker Sprig. 
Md., lISA. Use of trade imes is for ittentiicalion only 
and doe not constitute endorsenieti by the Public IHealth 
Service or by tie IUS t)cparlment of health, L-ducaiion, 
and Well'are. 

AND HIIIIiRS 

The packed tanned cells were sensitized by adding 

5 %olumes of antigen, mixing, and incubating for 
15 min at 37 C. To decrease non-specific agglutina
tion. an equal volume of PBS with 5,, normal 
rabbit serum (NRS) was added, and this mixture 

was incubated for an additional 5 min. After I wash 

in PBS containing I ,, NRS at p-1 7.2. tile cells wkere 
suspended in 50 volumes of this solultion lland used 
immediately. Cells with 1: 10 000 thiomersil were 
useful for I week if stored at 4 C. Before stored 
cells wvere used, they were reslspended in fresh 1P13S 
with I NRS. 

Plastic plates'- with an 8 .,12 arrav of ,,ells \,ere 
used. Each well lirst received 0.05 nil of l113S With 
I ",, NRS. A 0.05-ml diluting loop filled with test 
serum \was placed in tile first well in each ros. and 
tile seium was serially diluted in 2-fold dilution. 
beginning with a I :2 dilution. One collection of 

sera (Argentina) \\as iitralCd in 3-fold steps at i 
starting dilhilion of 1: 3. 

Durngagitation. 0.025 ml ofte 2" ,, sensiti/ed-cell 
suspension ,\as dropped into each test well. IPositive 

and negati\ cControl sCra e\\ertitrated each da). 

ile completed test \as read 45 min 90 rin lailer. 
A smootih mat of agglutinated cells, a relading 
according to Sta\isLsky (1954), was considered a 
positive reaction. In order to detect non-specilic 
agglutination reactions, positive sera were tested 
witlh a 2"'% suspension of tanned red blood cells 
sensitized with 5"", NRS. 

'0111 lilrlctJd 
The sera tested \were collected ol 4 occasions b)
 

the WHO Reference Serum Bank in New Haven.
 

Conn., USA. from male mililary recruits. A total
 
o' 10 956 sera was evaluated: 3077 sera from
 

Argentina: 2681 sera from Brazil: 2961 sera from 

Colombia; and 2237 scra froin the United States 

of America. The USA collection was described by 

Paul et al. (1964), and tile Brazil collection by Florey 
et al. (1967). The Colombia and Argentina colee

lions were described by Evans et al. (1969). In gen
eral, young men \were bled during the nontlhs of 

June and .uly lit the time tihey were inducted into 

tile arly. Tile sample was designed to include 

army camps from all areas of the countries. Some 

of these collections lave been extensively studied for 
other parasitic antibodies (Feldman. 1965: Cuadrado 

Walls & Kagan, 1967: Walls,& Kagan, 1967: 
Kagan & Turner, 1967: Laib & Feldman. 1968). 

...
z('ooke Inginleering Company, Ale.indria. Va., USA. 
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FIG. 1
 
FREQUENCY DISTRIBUTION OF TITRES OBTAINED IN THE PASSIVE HAEMAGGLUTINATION TEST
 

WITH SERA FROM MI.ITARY RECRUITS WITH AN ANTIGEN PREPARED FROM PLASMODIUM KNOWLESI
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RESULTS Fig. I,and the titres obtained are shown in Table I. 
Based ol the peak of the specific portion of the 

The frequency distribution of titres obtained in curves, a titre of I :8 or greater was considered 
the IHA tests with the 4 collections is shown in positi\c for epidemiological purposes. Using this 

TABLE 1
 
DISTRIBUTION OF INDIRECT HAEMAGGLUTINATION TITRES FOR MALARIAL ANTIBODY
 

OBTAINED WITH MILITARY-FECRUIT SERA
 

Country ReciprocaI titrosno. ........
Total ---- ---... 

tested 1 0 2 4 8 16 32 64 128 256 512 1024 2048 4 096 

3 9 27 81 2.13 

USA 2237 '2203 7 - 7 13 - 7 

Brazil 2681 1979 76 - 68 153 - 134 - 129 59 - 34 - 27 12 8 2 

Colombia 2961 2162 62 - 108 134 - 165 - 146 93 - 46 - 31 8 2 1 2 

Argentina 3077 12877 58 100 30 10 2 

" Dilutlcn schema. 
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FIG. 2 FIG. 3 
GEOGRAPHICAL DISTRIBUTION OF THE ARGENTINIAN STATES AND PUBLIC HEALTH AREAS IN ARGENTINA a 

RECRUITS 

'~ '8
 

tors~2~ u "3 ~ ~ 4a~ ~ , ~bic:UA ~~2 

t nNumber of samples " RO an numerals tI-vI) ref or topublic health areas, each 

comprised of more than 1 state. Small numbers refer to thecollectedindividual 
states listed in Tables- 2, 3 and 5. 

l { o6-30of positive serological rcactors for each state within 
O 31 -100 the 6 public healIIh arcas. Areas II and V had thle~highest scrological prcvalcnce rates. The prevalence

O> iooof antibodies varied fr'om state to state, ranging 
from zero in 7 statcs to a maim1um1 of 28% sc, 
logical positive in the State of Tucunuin. Tlhe sample 
fo~r Ttucaniin (50 sera) was, however, small.criterion, the Ifollowing prevalence of positive reac- Table 3shows tlhe nunmber of slide-positive malaria 

torobaind:USAwa 20outof-23 (0.9/,) cases in selected states f'roml 1962 to 1965. These
specimecns positive: Argentina, 142 out of 3077 figures were obtained from active arid passive sur
(4.6'}{) SpeCitnens positive; Brazil, 558 out of 2681 veillance records. Trhtse rattes also show marked 
(20.8",) speciniens positive; and Colombia, 629 of variatioti, ranging ftrm iero positis e in Catatnarca 
2961 (21.3%) specimenlS positive, to I1% positive iti (haco. 

,.h',qen/htaFig. 4 shows thec geographical distribution of re
,fr'eImaacto~rs obtaitned by slide andltserological methods. TheThe geographical distiibtnt ion of the recruits satmi- d iscrepatncy iti the di ',tri btltions will he discussed later.

pled is shown in Fig. 2. The grecatest concentration Table .4shows the distrilbt ion 0f positive reaclors 
occurred ii thle north-easterti part of the country, among blood grotups in the AIR) ssstem. The distri
nlensifyinrg toward Btuenos Aires. The public health but ion of po,,it is serological reactors in the A, B,

atreas are show\n in I ig. 3. Table 2 shows thie number attd () subgroup~s, respectivelyv, was rnot signilicatitly 
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TABLE 2 

ARGENTI[A: THE NUMBER OF POSITIVE SEROLOGICAL REACTORS TO A PLASMODIUM 
KNOWLE31 ANTIGEN FOR MALARIA ANTIBODY BY STATE AND PUBLIC HEALTH AREA 

e~ F P ublc o; s .o o ,v
code Name of state h No. positivecode health area F positive 

1 Buenos Aires 53 1147 4.6
 

7 Entre Rios I 9 154 5.8
 

20 Santa Fe 7 155 4.5
 

Total for area I 69 1 456 4.7 

3 C6rdobn 22 236 9.3
 

10 La Pampa II 5 183 2.7
 

18 San Luis 3 60 5.0
 

Total for area II 30 479 6.3 

4 Corrientes 1 71 1.4 

5 Chaco 0 38 0III
 
I Formosa 0 3 0
 

13 Misiones 2 45 4.4
 

Total for area III 3 157 1.9 

2 r Calamarca 22.1 

9 Jujuy 1 64 1.6
 

16 Salta IV 10 186 5.4
 

21 Santiago del Estero 10 1770
 

22 oTucumAn 14 50 28.0 

Toal ta r area IV 27 571 4.7..- . ..... ...... .. . . . . . .. ... . .. . .]...... K!.....-- ........

11 La Rioja i 0 6 0
 

12 Mendoza V 9 84 10.7
 

17 San Juan 0 24 0
 

Total for area V 9 114 7.9 

6 Chubut 1 0 72 0 

14 Neuqu6n 1 73 1.4 
1 
 VI
 

15 Rio Negro 3 150 2.0 

19 Santa Cruz j 0 5 0I __I___i - - . 

Total for area VI 4 300 1.3 

Total for country 142 3077 4.6 
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FIG. 4 

GEOGRAPHICAL DISTRIBUTION OF SLIDE AND 
SEROLOGICAL RESULTS BY PUBLIC HEALTH AREAS 

IN ARGENTINA" 
.93 . 

4.7 19
 

S1.3 

areas" Roman numerals (I-VI) refer to public health 

refer to slide rates 
Vertical numerals 

Italic numerals refer 
to percentage serologically 
positive 

TABLE 3 

ARGENTINA: NUMBER OF SLIDE-POSITIVE MALARIA CASES, 1962-65, FROM ACTIVE 

AND PASSIVE SURVEILLANCE BY STATE AND PUBLIC HEALTH AREA 

Slte Nme ~N,1 Public No. tested %positive,slate No. positive
halth ire"cocdt 


16 12297 0.13 

4 974 45375 10.96 
4 C, ,llwi.,rs 

5 Chaco III 

570 14957 3.81a Formosa 

2.16 33344 0.7413 M,. ('s 

Totll (r area 11 5 8C6 105 973 5.5 

0 17 191 02 Calar"' 

0.17211 125938Juj'ry
9 
0.14Salt;a IV 4,11 316 100 

11 38 709 

16 
0.03Satlha:qo (dlL';ou 

21 91 5G0 0.03 
21 

Tucv.tu22 

589 534 0.12Tol f r uea;IV 637 

0.93T. II 0 4t3:l 675 507 
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TABLE 4 FIG. 5 

ARGENTINA: DISTRIBUWION OF POSITIVE SEROLOGICAL GEOGRAPHICAL DISTRIBUTION OF BRAZILIAN RECRUITS 
REACTORS TO A PLASMODIUM KNOWLESI ANTIGEN FOR 

MALARIA ANTIBODY BY BLOOD GROUPS 

Blood Serologically positive Distribution of sample 
group No. No. F I 

A 42 29.6 985 32.0 .* o 

B 19 13.4 277 9.0 

0 78 54.9 1 1738 56.5 

AB 3 2.1 77 2.5 
BRAZIL 6.5 

Total 142 100.0 3077 100.0 J/ 

0 x , 
(I -~~ *--

=3 22 (P 0.05). 
-- - ---------- ~- Number of somples 

cor rected 

0 or more 
< 

;' 

different from the distribution in the samples as 0 20-49 
o 5-19
a whole. 

Table 5 shows a comparison of serological and Single 

surveillance results for malaria for states from which 
both data are available. Of the 9 states with high Few samples were obtained from tile central zone, 
scrological prevalence, 6 arc also high in the list of since this area is sparsely populated. Fig. 6 shows 
states with high slide-positivity rates. the delineation of pulblic lc. ihhareas and identilics 

each of the states il Brazi. 'Iha nutmber of positive 
Brazil serological reavtors by d publi areastate ;ll Iic health 

The geographical distribution of Brazilian recruits is shown in Table 6. The serological prevalence in 
tested is shown ill Fig. 5. The largest group of public heath areas varied from 10',, to 40",, with 
recrlits came from states along the eastern seaboard, an average of 21 

TABLE 5 

ARGENTINA: COMPARISON OF SEROLOGICAL AND SLIDE RESULTS FOR MALARIA 

Serology Slide examimali )n 

Rank Stale Name ofstate S t Name nto 

code positive code positive 

1 22 Tucumnin 28.0 5 Chaco 10.96 

2 16 Salta 5.4 8 Formosa 3.81 

3 13 Misiones 4.4 13 Misiones 0.74 

4 2 Catamarca 2.1 9 Jujuy 0.17 

0.145 9 Jujuy 1.6 16 Salta 

6 4 Corrienles 1.4 4 Coirienles 0.13 

0.037 5 Chaco 0 22 Tucumna 

8 8 Formosa 0 21 Santiago delEstero 0.03 

0.009 21 Santiago del Estero 0 2 Catamarca 

a States from which both data were available. Slates are ranked them highcst to lowest 
orevalence rates. 
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TABLE 6 
"
BRAZIL: NUMBER OF POSITIVE SEROLOGICAL REACTORS TO A PLASMODIUM tF OWLESI 

ANTIGEN FOR MALARIA ANTIBODY BY STATE AND PUBLIC HEALTH AREA 
Stae Nmfsta te Publiccode Name of stae No. positive No. tested posilti',ecode hoalth area 

2 Acre 3 8 37.5 

3 Roralma 2 2 100.0 
4 Amazonas 103 259 39.8 

5 Paia 94 239 39.3 

Total forarea I 202 508 39.8 

7 MaranlAo II 35 127 27.6 

Total for area II 35 127 27.6 

24 Mato Grosso II 69 272 25.4 

Total for area III 69 272 25.4 

25 Goias 10 39 25.6 
- IV

26 Distrito Federal 0 5 0 

Total for area IV 10 44 - 22.7 

1 Piaui 7 30 23.3
 

9 CearA 13 280 
 4.6
 

10 Rio Grande do Norte 
 3 19 15.8
 

11 Paaiba 
 3 34 8.8V
 
12 PCnambuco 72 214 
 33.6 
.3 Alagoas 1 4 5.0 

15 Sergipe 0 8 0 

lI. Bahlia 44 254 17.3 

Total for area V 843143 17.0 

17 Minas Gerais I 37 199 18.6 
18 Espiiito Santo 0 6 0 

19 Rio de Janeiro VI 2 24 83 

20 Sto Paulo I 16 167 0.6 

27 Guanabara 0 45 0 

Total for area VI 55 441 12.5 
I-. 

21 Parantr 9 209 4.3 

22 Santa Catarina VII 3 24 12.5 

23 Rio Grande do Sul 32 213 F 15.0---------............... ................... _
 t 


Total for area VII 44 446 9.9 

Total 558 2681 20.8 
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FIG. 6 

STATES AND PUBLIC HEALTH AREAS IN BRAZIL" 


I 


4 I 5 9 0 
7 

3 

24 17 
Mr 18 

20 

22 

a Roman numerals (I-VII) refer to public heialth areas, each
comprised of 1 or more sltos. Small numbers refer to indi.
vidual states listed in Tablis 6-8. 

FIG. 7 

GEOGRAPHICAL DISTRIBUTION OF SLIDE
 

AND SEROLOGICAL RESULTS BY PUBLIC HEALTH
 
AREAS IN BRAZIL" 

10.9 1 

25.4 2 2. 

1,2.5 

Vertical numerals refer to 9'9 
percentage serologically 2.8 
positive 
Itolic numerols refer to 
slidepositive 

a Roman numerals (I-VII) Indicate public health areas. 

The number of slide-positive malaria cases, Is 
determined by active and passive surveillance for 
the last half of 1963 and th liryt half of 1964 by 
state and public hcalIth area, is shown inl Table 7. 
Slide-positive rates in the states varied from 0.01 
to 16.8 ?{. Public health area IV showed the highest 
rate of positive slides, 15.7,, Mhereas only 2",, of 
slides from area V were positie. The o\cr-all 
slide-positivity rate was 4.7",. 

The geographical distribution otf slide and sero
logical results is shown in Iig. 7. The serological 
percentages of positives were higher than the slide 
positikity percentages and did not Nary as nitich.

Table 8 shows tlie ranking, from highest to lowest 
pre\alence according to serological and slide Cxanli
nations, of states for which both lypes of results 
were ava ilable. -xaminination o1 this table shows 
that 10 of the lop 12 states in the - serology"
colun are also in the top 12 of the - slide emaulina
trio - column. These results suggest a high degree of 
correlation. 
Colotnbia 

Fig. 8 indic, the geograpJhical distrihtution of 
the sampled recruts in Colombia. and Fig. 9 shows 

FIG. 8
 
GEOGRAPHICAL DISTRIBUTION 
 OF COLOMBIAN 

ARMY RECRUITS 

~COLOMBIA
 

.
 

Number of somples 
collected 

00 er ore 

0 30-99 
6-29
 
-5
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BRAZIL: 

State 

2 

3 

4 

5 

7 

24 

25 

26 

8 

9 

10 

11 

12 

13 

15 

16 

17 

18 

19 

20 

27 

21 

22 

23 

1. 0. KAGAN AND OTHERS 

TABLE 7 
NUMBER OF SLIDE-POSITIVE MALARIA CASES, 1963-64, FROM ACTIVE AND 
PASSIVE SURVEILLANCE BY STATE AND PUBLIC HEALTH AREA 

Name of state healiea No. positive No. tested %positive 

Acre 130 2749 4.7 

Roralma 416 2480 16.8 

Amazonas 582 10624 5,5 

Para 2670 18930 14.1 

Total for area I 3 798 34 783 10.9 

Maranho II 3825 24635 15.5 

Total for area II 3825 24 635 . 15.5 

Mato Grosso III 1 024 28917 3.5 

Total for area III 1 024 i 28917 3.5 

Goias I 4 187 26589 15.7 

Distrito Federal 
IV 

- - -

Total for area IV 4 187 26589 15.7 

Piaui 878 13 195 6.7 

CearA 470 20236 2.3 
Rio Grande do Norte 5 58240 0.01 

ParaibatV 101 27265 0.37 

1 Pernambuco 223 17336 1.3 
Alag6as 2 4808 0.04 

, Sergipe 13 22114 0.06 

Bahla 2 131 24471 8.7 

Total for area V 3823 187 665 2.0 

Minas Gerais 1 560 45757 3.4 

Espirito Santo 611 13307 4.6 

Rio do Janelro VI 71 12664 0.6 

S'1o Paulo  . 

Guanabara 20 6312 0.3 

Total for area VI 2262 78040 2.) 

ParanV 364 17828 2.0 
Santa Catarina VII 935 28679 3.3 

Rio Grande do Sul - , 

Total for area VII 1299 46507 2.8 

Total 20218 427 136 4.7 



835 EPIDEMIOLOGICAL STUDIES BW INDIRECT HAEMAGGLUTINATION TESTS FOR MALARIA 

TABLE 8
 
BRAZIL: COMPARISON OF SEROLOGICAL AND SLIDE RESUI TS FOR MALARIA
 

Serology Slide examination 

Rank t - -- -State --- _ __ 
Stae Name of state State Name of state" 

positive code positive 

1 3 Roraima 100 3 Roraima 16.8 

2 4 Amazonas 39.8 25 Goias 15.7 

3 5 Para 39.3 7 Maranhao 15.5 

4 2 Acre 37.5 5 Para 14.1 

5 12 Pernambuco 33.6 16 Bahia 8.7 

6 7 Maranhao 27.6 8 Piaui 6.6 

7 25 Goias 25.6 4 Amazonas 5.5 

8 24 Mato Grosso 25.4 2 Acre 4.7 

9 13 Alag6as 25.0 18 Espirito Santo 4.6 

10 8 Piaui 23.3 24 Mato Grosso 3.5 

11 17 Minas Gerais 18.6 17 Minas Gerais 3.4 

12 16 Bahia 17.3 22 Santa Catarina 3.3 

13 10 Rio Grande do Norte 15.8 9 CearS 2.3 

14 22 Santa Catarina 12.5 21 ParanA 2.0 

15 11 Paraiba 8.8 12 Pernambuco 1.3 

16 19 Rio de Janeiro 8.3 19 Rio de Janeiro 0.6 

17 9 Ceara 4.6 11 Paraiba 0.4 

18 21 Parana 4.3 27 Guanabara 0,3 

19 15 Sergipe 0.0 15 Sergipe 0.1 

20 18 Espirito Santo 0.0 13 Alag6as 0.0 

21 27 Guanabara 0.0 10 Rio Grande do Norte 0.0 

a States from which both data were available. States are ranked from highest to lowest 
prevalence rates. 

the states and public health areas. Recruits were (Fig. I) that the peak titre of the Colombian recruits 
drawn mainly from the western part of the country. was I : 16, whereas the peak titre of recruits from 
The eastern half of the country (public health areas I1 Argentina, Brazil, and the USA was I : 8. This may 
and IV) is sparsely populated and consequently con- indicate more intense exposure to malaria than is 
tributed few rcLr its. The data from tile whole found in the other countries studied. 
Colombian survey (Table 9), based on the state of The number of slide-proven malaria cases for the 
longest residence, indicate that public health areas III years 1963, 1964, and 1965 obtained by active and 
and IV, in the interior of the country, had the highest passive surveillance, is shown in Table 10. The over
prevalence of positive antibody levels. The central all prevalence by slide examination was 3/,. The 
public health area (area 11) had the lowest, whereas geographical distribution of slide and serological 
the coastal areas (areas I and VJ showed inter- results by public health area is shown in Fig. 10. 
mediate antibody levels. Table II shows the ranking, from highest to 

Of the 4 countries included in this study, the lowest prevalence, according to serology and slide 
recruits from Colombia showed the highest percent- examination. The table shows that 8 of the top 
age of positive titres to malaria, 21.3. Note 10 states in the serology column rank in the 
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FIG. 9 

STATES AND PUBLIC HEALTH AREAS IN COLOMBIAa 

14 

16 
5 

11 

2 21 

10 6 27 

fRoman numerals (t-V) reterto public health areas, each 
cnmpriaoed of 1or more states. Small numbers retor to individual 
states listed in Tables 9-11. 

first 10)states in the "'slide examination " column. 
These datta again support the rcsults obtaincd by 
scrological testing in the country. 

"':able 12 shows that the incidence of malairia 
atntibhody is related to ;altitude, atsonte would exp~ect. 
Malatria, as evidenced by antibody prevaletnce, has 
the highest prevalence inlaltitudes betwecn sea level 
dtld 2t)0 Il. Atitibody in the recruit poputtltion 
deelitned shairply at higher altitudes and levelled off" 
atbove 15t0 m. Malaria tranismission is believed to 
occur up to the 1500 m-2000 in levels. This altitude 
fatctor may explain the relaitively low atntibody aIctiv-
ity' among persons frotm public health area 11.This 
region, which lies along the Andes chain, is largely 
illountaJi noulS. 

No spcilic correlationls were found between blood 
types in tile A BO system anid the presence of malaria 
antibody (Table I?). 

Tile daitaifrom lifelong residetnts of the satme area 
follow tile same pttterns its data fr'om the entire 
samlple which is b ised on the state or" longest 

FIG. 10
 

GEOGRAPHICAL DISTRIBUTION OF SLIDE AND
 
SEROLOGICAL RESULTS BY PUBLIC HEALTH AREAS
 

IN COLOMBIA a
 

193.9 
3/9.2 

Verlnumerals 
refer to slide rates 
/relic numerals refer /
 

percenloge serologico/ly positive
 

a Roman numerals (I-V) indicate public health areas. 

rcsidence. The ovcr-all percentage of'positivcs is 
somewhat, but not significantly, lower. The lower 
pcrccntalgc nay bc due to a smatller numbcr of 
specimens being available in this category. 

Untitedt States America[f, 

The geographical distribution of the 30 serological 

r'eactors to the tmalaria antigen in the USA, by state 
of birth, gave no indication of a pattern. Individuals 
whose sera had reacted in ,he test lived fr'om Maine 
to Califorinia. This suggests that the reactions 
observed were probably non-specific. Tihe fact that 
almost all of tile sera wvere of negative titre also 
attests to the test's high degree of specificity and 
non-reactivity. 

Of the 2237 USA sera tested, 34 (1.5 %,)reacted 
to matlria atntigen, but only 20 reacted in serum 
dilutions of I :8 or greater. Of the positive reactors, 
12 out of 20 (60%) were from a rural environmenlt, 
6 out of 20 (30%)) were from towns, anld 2 out of 
20 (It) ,)were from urban areas. 
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TABLE 9 

COLOMBIA: THE NUMBER OF POSITIVE SEROLOGICAL REACTORS TO A PLASMODIUM KNOWLESI ANTIGEN
 
FOR MALARIA ANTIBODY BY STATE AND PUBLIC HEALTH AREA
 

Slate 
code 

Name of stale 
Public 
hea~lh 
area 

State of longest residence 

No. No. tested
positive sposii 

No.... 
- a 

Birthplace 

No.teslcd 
.. 

2 Antioquia 43 200 21.5 16 91 17.6 

4 Atlantico I 4 43 9.3 3 24 12.5 

5 Bolivar 
I 

32 145 22.0 23 92 25.0 

11 Ceddoba 6 21 28.6 2 10 20.0 

14 Guajira 1 8 12.5 I I 100.0 

16 Magdalena 23 150 15.3 4 81 4.9 

Total for area I 109 567 19.2 49 299 16.4 

7 Caldas 47 364 12.9 25 205 12.2 
12 Cundinamarca 45 404 11.1 19 207 9.2 

15 Huila 13 100 13.0 1 48 2.1II 

33 31.4 219 Norte do Santander 105 31A 24 7432.47405 
21 Santander 49 179 27.4 24 95 25.3 

23 Tolima 35 281 12.5 19 149 12.8 

21 Sntaner 

Tolal for area II 222 1 433 15.5 112 778 14.4 

3 Arauca 30 45 66.7 4 8 50.0 

6 Boyaca III 101 368 27.4 40 - 174 23.0 

17 Meta 10 22 45.5 1 4 25.0 

Total for area III 141 435 32.4 45 186 24.2 

1 Amazonas 2 7 28,6 0 1 0
 

8 Caqueta IV 12 34 35.3 2 14 14.3
 

20 Putumayo 22 33 66.7 5 9 55.6
 

Tolal for area IV 36 74 48.6 7 24 I 29.2 
_____. . . .. ... . . ............ . . . . . .... ............

9 Cauca k4 124 19.4 14 79 17.7 

10 Choco 45 55 81.8 28 33 84.8 

18 Narino V 11 63 17.5 5 28 17.9 

24 Valle (del Cauca) 42 213 19.7 15 87 17.2 

Total for area V 122 455 26.8 62 227 27.3 

Total sample 630 2964 21.3 275 1 514 18.2 
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COLOMBIA: 

State 
code 
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TABLE 10 

NUMBERS OF SLIDE-PROVEN MALARIA CASES (1963, 1964, 1965) BY STATE 

AND PUBLIC HEALTH AREA 

Name of state PublNL 
health area No. positive No. tested %positive 

Antioqula 

Atlantico 

Bolivar 

C6rdoba 

Guajira 

Magdalena 

Total for area I 

Caldas 

Cundinamarca 

Huila 

Norte do Sanlander 

Santandcr 

Tolima 

Total for area II 

Arauca 

Boyaca 

Meta 

Totli for aie III" 

Amazonas 

Caqueta 

Putumayo 

Total for area IV 

Cauca 

Choco 

Narino 

Valle (del Cauca) 

Total for area V 

Total sample 

II 

III2930 

IV 

10658 

182 

1 215 

9608 

204 

F1 

22524 

588 

1 804 

52 

3996 

6 551 

1 030 

14021 

980 

2383 

6293 

0 

164 

757 

921 

2260 

1 790 

2478 

774 

7302 

51061 

210 055 5.1 

27587 0.6 

91289 1.3 

119617 8.0 

26245 0.8 

99738 0.6 

574531 3.9 

61040 1.0 

91269 2.0 

34059 0.2 

61432 6.5 

73 921 8.9 

81 98) 1.2 

403 703 3.5 

22 371 4.4 

84814 3.4 

30824 7.7 

138009 4.6 

348 0 

32171 0.5 

11 976 6.3 

44495 2.1 

72077 3.1 

57886 3.1 

108 756 2.3 

85184 0.9 

323 903 2.2 

1 484 641 3.4 
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TABLE 11
 
COLOMBIA: COMPARISON OF SEROLOGICAL AND SLIDE RESULTS FOR MALARIA
 

Serolotly Slide examination
 
Rank State of longest residence I Birthplace
 

State Name otstate" 
State Name of state a State 	 Name of statde positive
code 	 positive code Name of state positive 

1 10 Choco 81.8 14 Guajira 100.0 21 Scintander 8.9 
2 3 Arauca 66.7 10 Choco 84.4 11 C6rdoba 8.0 

3 20 Putumayo 66.7 20 Putumayo 55.6 17 M~ta 7.7 
4 17 Meta 45.4 3 Arauca 50.0 19 N.rta de Santander 6.5 

5 8 Caquota 35.2 19 Norte de Santander 32.4 20 Putuinayo 6.3 
6 19 Norte de Santander 31.4 21 Santander 25.3 2 Antioquia 5.1 

7 I Amazonas 28.6 17 Meta 25.0 3 Arauca 4.4 

8 11 C6rdoba 28.6 5 Bolivar 25.0 6 Boyaca 3.4 

9 6 Boyaca 27.8 6 Boyaca 23.0 9 Cauca 3.1 

10 21 Santander 27.4 11 C6rdoba 20.0 10 Choco 3.1 

11 5 Bolivar 22.0 18 Narino 17.8 18 Narino 2.3 
12 2 Antloquia 21.5 9 Cauca 17.7 12 Cundinamafca 2.0 

13 24 Valle (del Cauca) 19.7 2 Antioquia 17.6 5 Baiivar 1.3 

14 9 Cauca 19.4 24 Valle (del Cauca) 17.2 23 Tolima 1.2 

15 18 Narino 17.5 8 Caqueta 14.3 7 Caldas 1.0 

16 16 Magdalena 15.3 23 Tolima 12.8 21 ValI ((let Cauca) 0.9 

17 15 Huila 13.0 4 Allantico 12.5 14 Guajira 0.8 

18 7 Caldas 12.9 7 Caldas 12.2 4 Atlantico 0.6 

19 14 Guajlira 12.5 12 Cundinamarca 9.2 16 Magdalna 0.6 

20 23 Tolima 12.5 16 Magdalena 4.9 8 Caqueta 0.5 

21 12 Cundinamarca 11.1 15 Huila 2.1 15 Huila 0.2 

22 4 Atlantico 9.3 1 Amazonas 0.0 1 Amazonas 0.0 

" States from which both data were available. States are rankd from highest to awoest prevalence rates. 

TABLE 12 TABLE 13 
COLOMBIA: DISTRIBUTION OF POSITIVE SEROLOGICAL DISTRIBUTION OF POSITIVE SEROLOGICAL REACTORS 

REACTORS BY ALTITUDE BY BLOOD GROUPS FOR COLOM,?!A 

Cumulative
AltItude No. No. o, percentage Blood Serolioicallo, pLsiHi e D.sltihlh,:on of vlnl~d 
(m) 	 positive examined positive oftotal no'.up
 

positive No. ,,;18 N ,.
 

0-200 174 16 33.7 28.3 A 152 21.1 711 2j.1 
200-500 112 404 27.7 46.6 B 62 0.0 25) 8.1 
500-1000 49 254 19.3 54.0 

1000-1500 j 105 527 19.9 71.7 0 405 61.3 1 905 61.3 

1500-2009 85 595 14.4 85.5 AB 11 1.7 55 1' 
2000-3000 84 575 14.6 99.2 
3000-4000 5 32 15.6 100.0 Total 630 2V3j 

Total 
 614 i 2898 - 21.2 , _ 0.80 
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DISCUSSION 

The indirect haernagglutination test using P. know-

esi antigen has been shown to be a sensitive and 

reproducible method for demonstrating antibody to 

human malaria (Rogers, Fried & Kagan, 1968). 
Desowitz & Saave (1965) used an IHA test employ-
ing fOrmoli7ed tanned sheep cells sensitized with 

P. et'nonioli and P. coane)i antigens to study 

areas of different malaria endemicity. Their results 
sho ved reduced antibody levels in protected popula-
tions over the antibody levels in populations exposed 
to malaria. 

The serological data obtained in this study could 

not be related directly to the malarial history of the 

donor. For this reason alepiderniological approach 
%%asmade to the caluation of the data. Except for 
Argentina, serological data on the distribution of 
nalaria illthe 4 countries sampled compare %%ell 
with data obtained by active surveillance. One would 
normally expect the seroptsitivity rate to exceed the 
slide-positivity rate several-fold, since the former may 
be measurilrg lifelong experience with the parasite, 
Mhereas the latter measures active infection at the 
ionlent of eailinltion. In the states of Chaco, 

Formosa. aind] Santiago del lstero in Argentina. 
the slide-positivitv rates \were higher than the sero-
positivity rates. These differences may be due, in 
part, to differences in sampling, since recruits are 

restricted ages, and the people in the surveillance 
;ur\veys are of aIl ages. The extremely large differ-
ence bet\wcen the scrologically positive samples 
(28' ,,) anld the slide-positi\e (0.02 ,,) figures inthe 

state of Tucunnin is pu//ling. These data suggest 
either that the microscopical techniques were inade-

quate in this area or that the scropositivity index is 
erroleo is. The lack of rcacti\ity in the serological 
tests with the USA sample suggest.,; that the test 
used did not yield ithigh rate of false positivity. 
A comparison of dalit obtained by scrology and by 
actic and passi\e surveillance in Brazil and Colom-
bia strongly suggest,; 'hIat both methods are measur-
ing prevalence of mailaria, since with a few excep-
lions, states with the highest slide-positive rates also 

If1 
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ranked high in serological reactivity. Discrepancy 
in the 2 sets of data for Tucuman isprobably due to 
the fact that the IHA test for malaria detects anti
body from experience with malaria as far back as 

5 years or more. Active surveillance detects only 

the cases of malaria present at the time of sampling. 
One would logically expect much higher levels by the 
serological method. Years ago, Tucumlin anwas 
area of high endemicity, and this may be reflected 
in the serological data. 

The over-all distribution of serological reactors 
in Argentina obtained in this study is plausible. 
Bejarano (1962) reviewed the epidemiology of 

malaria in Argentina for the years 1897-1960, and 
recorded 9 cases of malaria in the State of Mendoza 
in 1959 (the last year reviewed). In our study we 
found i seropositivity rate of 10.7%, among the 
84 samples from Mendoza. In San ILuis. 5',', of the 
60 samples were serol,.siti\e. Malaria was common 
in this state in the 1940s and 1950s. The last case 

was reported in 1958. The geographical distribution 
in Argentina of the 3 anopheline vectors, Anophel's 
pse'udopiincipennis, A1. alhitarsis, and /f.darlhlji, 
coincides \cry closely with the serological range of 
reactors obtained in this study (Bejarano, 1959). 

Malaria may not exist in these areas today. but it 
did exist in the not too distant past, and the sero
logical method may be detecting this event. 

Athrea & Coriell (1967: discussed the significance 
of high B-gene ficquency in population groups in 
various parts of the world in relation to endemic 
malaria. They postulated that the presence of blood 
group-A substance in malaria may be responsible 
for increased pathogenicity and mortality in individ
uals in group A thus causing a shift in the gene fre
quency in the population. Raper (1968) analysed 
data from 35(0 patients experimentally infected with 
malaria inlthe treatment of neurosyphilis and other 
disorders. Raper could not find any correlation 
between parasitaemia and the presence of anti-A or 
anti-B in the blood of the patients. Our inability to 
find any correlation between serological reactivity 
and the ABt) status of the 6038 young men sampled 
in Argentina and Colombia confirms this finding. 
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R1-SUMI'-

3'ruDIIS SI RO-I'I)IDI11OI,)IIOLJIQ S I)1 I'A.LUI)ISMI: PAR .'II'TIaEU\I I)'flI-IAGGI-LUlINATION 
INI)IIICTI-: III4I'LIVII NTS DE SIRUJMS CIIIZ I)IS I.ECRUI S I)'AR(ENITINIF. )J I3RIaSII. 

I)I (7().OiILII 1:1 i)I:S I"TAIS-UNIS I)'AII ,IQE 1I 

On a eul recou r, 'I l'6prcLiue LIli'emagglulination glutination Inele l 6idence des dilicorps rsidtL els dhuInS 
indirecte, uLii sant CoIII tllligllte Phismodium/,,, /imvIi iLe poptuLa.ItiOll pILtisicli'S ailees apis I' adication dI
 
adsorb stir des r'viliroc)3tes hunuains dui gioultpe 0. paIutidkine. Au lhsil, on a reles tline cOtI-latiolln sdt sfa
 
pour titrer lks aftnicorps antipaluidens dains I0 956 SanlI en Ire ic.s rSuha tse-0 e.\ll enxs rrltogiqt Les et la
 
serLins pr' vesstir des IcrLies Lie quaLie p.'ile, Ielii'h i- i-pIarlitit dLI paidiiile Liteini iniie par hs evnl:iens
 

,sph&e occilental. Un titre Le IN ou PILL a Chloii paraiilogiq-cs diiectLs. C'est en (olonhmic itli les tIlx 
comnne ,clil (ie po, iti''iit dans cclle enqu¢te lpiliniolo- te poti)iC ont etces h:ps 1es&. h.s tili . de 1 16 &aIIt 
giqtLe. Su la hase Lie cc cri~eteic. prl'a\alce ies rictionsw es, LI1ti honllicl.. alors qie Lidns Ie. trwis a I tICs Ic 
serologitites posili'e a et.c la suixjIUIC: lutdA -n is tilre de 18 CL8liiI pill, frlLIIiin.cIt Iohscr\,. Dans cc 
d'Amriquc: 21) ,. il's posilifs sur 2237 (0.9",d: Argen- pays ghelment. oil : 110, LineiC c0LOI:ei salisfhiianteIiCe 
line: 142 stir 3077 34,6",.): h sil: 558 sur 2681 320,8",.j: entie Ia piealcnce du IMiuIIkdiin+ tahlie par I'enquiite
Coloiibie: 629 stir 2961 I21,3"j. sCllilogittLe ct i pr\al ence aItel,e. par is itsLI lats des 

Aux EI is-UTnis, i'anaI c die litprCinance des strumis cuimcnC pmirioilogitlties. Pil, ie 50"., tlie, ,lms poitils 
posilils a IllIIIL Il ic igin1L I.bse pil li.Lt tie leCLi' esdicrsite cui llr ei ,ce i\e colilhieil ,esltaionLLs tI;., Lie',
 
ie ltILL fo\ e., cc qui d inne il pellser (Itil i poillrrait callip' Silues I lll isi de 1( 0 Ill d'IIltl L .
 

ICictiolls sp&iique.I-n En
s'agir Lie non1 Ar.tingeitini, a;li Aig.il.l ell ( oonlihlc. aLUCtiIiC corIlati'll nest 
,d&cl, la prNc.nce ti'anlicoIps C.le I1llL Li, e(d id, 5 S : ppMiL ie cilliC la p e 1,Clc d ., aillic r ,, aslilpalLIdCIIS 

regions oil atheLl n cas tie paludisme ii a a it ' L igna& l tIr p1 ari IeII Ce .i I'tl il I'aiit re grotipe SdlgUiln (ilt
deptik i In all loim,: il scit!e LiLie ep1"preui\e dimia g- systnc A130. 
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