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Soluble Seru m Ant igens of P. falciparum in Nigerians 

II. I m m u n o c h e m i c a l Studies

V . H O U B A A N D A . I . O . W I L L I A M S 

World Health Organization, Immunology Research and Training Centre and Department of 
Chemical Pat ho fogy. University of Ibadan, I ha dan, Nigeria 

{Received 1 December 1971) 

Summary. Malar ial soluble serum antigens (MSSA) were studied in live sera ob-
tained from young Nigerian children during acute P. falciparum infection and in one 
scrum from an Aotus monkey artif icially infected with P. falciparum. using 
physicochemical and immunochemical techniques. 

MSSA were detected by precipitation with adult human sera in gel diffusion 
tests. Fractionation o f sera by Sephadex G-200 chromatography, gel diffusion 
tests in 1-5 and 7% agar, absorption tests wi th antisera to human immunoglobu-
lins, and treatment o f sera wi th mercaptoethanol and citric acid demonstrated ihc 
presence o f MSSA in two forms: MSSA free and MSSA bound in a complex with 
immunoglobulin M. 

Resume. Lc serum soluble d'antigenes paludcens (MSSA) a etc etudie dans cinq 
sera obtenus des jcunes enfants Nigerians pendant rinfection grave dc P. falciparum 
et aussi dans un serum d 'un singe du groupe Aotus artiflciellemcnt infccte dc P. 
falciparum en utilisant les techniques physicochimique et immunochimiquc. 

MSSA a ete detecte en precipitant les sera de radulted'hommedans la reaction de 
diffusion du gel. Les sera fractionnes par Sephadex G-200 chromatographic, la 
reaction de diffusion du gel dans 1*5% et 7% d'agar-agar, les reactions d'absorp-
tion avec antisera a Pimmunoglobulines humaines, le traitement de sera avec 
mercaptoethanole et Pacide citr ique ont demontre la presence de MSSA en deux 
formes: MSSA libre et MSSA attache en complcxite avec immunoglobuline M . 

I N T R O D U C T I O N 

The malarial soluble serum antigens (MSSA) released into the circulation during the course 
of acute P. falciparum infection in children were originally described by McGregor and his 
collaborators (McGregor et «/., 1968). They later demonstrated that these serum antigens 
are thermostable and are similar to the %S" class o f malarial antigens extracted from the 

Correspondence: Dr. A . I. C). Wil l iams, Department o f Chemical Pathology, University of Ibadan, 
Ibadan. Nigeria. 
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310 V. Houhct and A. 1. O. Williams

human placenta (Wi lson et a/., 1969). The i r f indings were conf i rmed by the demonstration of 
MSSA in Niger ian chi ldren acutely infected w i th P. falciparum in our previous study, where 
we also investigated the specificity o f P. falciparum antigens in the MSSA (Williams & 
Houba, 1972). 

The fact that the sera o f these chi ldren conta ined both malar ia l soluble antigen as well as 
malar ia l ant ibodies strongly suggests the possibi l i ty o f c i rcu la t ing soluble immune com-
plexes in excess o f antigen. A l t hough Wi lson et al. (1969) found no evidence o f immune 
complexes in the sera o f Gamb ian chi ldren, we decided to investigate their possible presence 
in the sera o f some Niger ian chi ldren w i t h acute P. falciparum infect ion. 

M A T E R I A L S A N D M E T H O D S 

Source of serum antigens 

Five o f the chi ldren's sera known to conta in M S S A , as found in our previous study 
(Wi l l iams & Houba, 1972), were selected for detai led immunochemica l investigation. A l l 
sera were obtained f r om young Niger ian chi ldren w i t h acute P. falciparum infection. The 
details o f these sera (number, age, parasite counts and ant ibody l i tres to P. falciparum 
antigens using conjugates specific to human IgG and I g M ) are given in Table I. 

TABLF 1. Details o f age, parasite count and fluorescent ant ibody litres of the five 
MSSA analysed 

Fluorescent ant ibody test 
against P. falciparum* 

P. falciparum
Number Age parasite count /mm 3 IgG I g M

3 18 months 250,000 80f 80 
4 16 months 200,000 1280 320 

18 3 years 850,000 1280 80 
30 15 months 100,000 160 80 
55 15 motnhs 280,000 1280 1280 

* P. falciparum slide antigens f rom art i f icial ly infected Aotus monkeys were
prepared and kindly supplied by Dr A . Vol ler, Nuff ield Institute o f Comparative 
Medicine, London. 

t Reciprocals of scrum di lut ion. 

One serum f rom an Aotus monkey art i f ic ia l ly infected w i th a Niger ian strain o f P. falci-
parum, collected at the peak o f infect ion, was k ind ly provided by D r A . Vol ler . 

Immune sera from adults 

Four sera f rom adult Nigerians known to be immune to malar ia were chosen f rom a 
panel o f sera known to have posit ive precipi tat ing act iv i ty w i t h MSSA, Nos. 7, 14, 83 and 
384 (Wi l l iams & Houba, 1972). 

Fractionation of MSSA by Sephadex G-200 chromatography 

Four mi l l i lit res o f each chi ld 's serum (1-5 ml. o f Aotus monkey serum) wi th 500 mg 
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Soluble serum antigens of P. falciparum in Nigerians—// 311 

sucrose added, were fractionated separately by passage through a column (2-7 x 100 cm) of 
Sephadex G-200 (Pharmacia, Sweden). The column was equilibrated and eluted with 0-1 ml 
phosphate-buffered saline, pH 7-4 (PBS), containing 0 1% o f sodium azide. The How rate 
was adjusted to 15-20 ml/hr, and 5 ml fractions were collected by means of L K B fraction 
collector equipped with a Uvicord assembly set and recorder ( L K B Producter, Stockholm, 
Sweden). The protein content was determined by optical density at 280 nm. The effluents 
were pooled, labelled alphabetically and concentrated x 20 by negative pressure dialysis to 
about 1 ml. The concentrates were tested for MSSA with relevant immune adult sera, and 
for IgG, IgA, IgM and the C 3 component of complement (beta-l-C^beta-l-A) with specific 
antisera, in Ouchterlony plates. 

Precipitation of MSSA with ammomium sulphate 

One volume of saturated ammonium sulphate was added drop by drop under stirring to 
one volume of serum at 4°C; the mixture was left to precipitate for I hr with occasional 
shaking and centrifuged in refrigerated centrifuge (4°C) for I hr. The precipitate was 
washed with saturated ammonium sulphate, dissolved in a minimal amount o f PBS and 
dialysed against PBS (visking tubing 8/32") at 4°C for 2 days (PBS changed twice a day). 
The supernatants were also dialysed under the same conditions and concentrated by nega-
tive pressure dialysis. Both the precipitate and supernatant were tested lor MSSA aci»\it\ 
by gel diffusion. 

Gel diffusion tests 

The Ouchterlony technique (1953) was applied, using Nobie-agar (Difco L:borc"c 
U.S.A.). Two different concentrations of agar (1-5 and 7%) were used. The agar pia'i. 
were incubated in humid chambers at room temperature in an air-conditioned rooru 
(22°C±2°C) and the results read twice a day up to 4 days. 

Absorption of MSSA with antisera to human immunoglobulins 

For absorption experiments the specific antisera to human immunoglobulins fgG and 
IgM were loaded first into the wells and after their diffusion into agar the wells were filled 
wi th MSSA sera. Different dilutions of antisera to human immunoglobulins were applied in 
order to achieve the optimal proportions for absorption and to avoid the excess of anti-
serum. 

Treatment of MSSA with mercaptoethanol and citric acid 

T o nine volumes of MSSA was added one volume of 1 M mercaptoethanol so that the 
final concentration of mercaptoethanol was 0*1 molar. The mixture was left at room 
temperature for 18 hr and tested in gel diffusion test. One volume of 2 M citric acid to nine 
volumes of MSSA sera brought their pH to 2-5-3-0. The mixture was left at room tempera-
ture for 18 hr, neutralized to pH 7-0-7-5 by adding solid TRIS (trishydroxymethylaminome-
thane) and tested in gel diffusion tests. 

Antisera to human immunoglobulins and C3 component of complement 

Sheep and/or goat antisera to human immunoglobulins IgG, IgA and I g M were kindly 
provided by Dr D. S. Rowe, W H O Research Centre for Immunoglobulins, Lausanne, 
Switzerland. The antisera showed single precipitin lines for IgG, IgA or IgM with whole 
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312 V. Houba and A. I. O. Williams 

human scrum and/or monkey serum afier Immunoelectrophoresis. Goa l antiserum 10 
human be ta - l -C /be ta - l -A (Hy land Laborator ies, U.S.A.) was used. 

R E S U L T S 

The MSSA Nos. 3, 4, 18, 30 and 55 varied in their ability to precipitate wi th immune sera 
f rom adults in the Ouchter lony test using (1*5% agar): MSSA No. 18 gave precipitin line 
w i th adult immune serum 83 only, but not w i th the other adult immune sera Nos. 7, 14. 
and 384. Simi lar proper ly was found in MSSA No . 55 which precipitated with adult 
immune serum 384 only. In contrast, MSSA No. 3 precipitated wi th three immune sera 
f rom adults, i.e. Nos. 14, 83, 384 but not wi th No. 7. The Aotus monkey serum precipitated 
w i th adult immune sera Nos. 7 and 83. 

The results of fractionation of the MSSA sera on Sephadex G-200 showed two different 
patterns o f MSSA d is t r ibut ion: The first is represented by MSSA No. 18 illustrated in Fig. 1. 

activity -
IgM 
IgA 
IgG octivityj 
/3ic43iAacfiv)ty| 

FIG. 1. Sephadex G-200 elution pattern of malarial soluble serum antigen (MSSA) No. 18. 
Sample: 4 ml MSSA (No. 18)4-500 mg sucrose; resin: Sephadex G -200 (140x 400 //m mesh): 
column dimension: 2-7X 120 cm: bufTer: 0 1 M n is -HCI in 0-5 M NaCl pH 8 0 : temperature: 
19°C±2 CC: flow rate: 15 m l /h r ; volume: 5 ml fractions collected per tube. 

Note the distribution of MSSA activity in the first peak fractions. 

Three peaks o f proteins were recorded by measuring the opt ical density at 280 m/nn. The 
act ivi ty o f MSSA demonstrated by di f fusing the concentrated fractions in 1-5% agar 
gel w i th the corresponding adult immune serum was found in the first peak and in the 
ascending por t ion o f the second protein peak. The d is t r ibut ion o f immunoglobul ins IgG 
IgA and I g M as well as C 3 component o f complement corresponded to the distr ibution 
found in normal human sera. Simi lar d is t r ibut ion o f MSSA act iv i ty, immunoglobul ins and 
C 3 component o f complement were found in al l human MSSA. Figure 2 represents the 
second type o f d is t r ibu t ion : Aotus monkey MSSA (only 1-5 ml. used for fract ionation and, 
therefore, low peaks o f proteins) in which MSSA precipi t in act iv i ty was found only in the 
second protein peak. 

A l l the MSSA sera were precipitated w i th saturated ammonium sulphate. The MSSA 
precipi t in act iv i ty demonstrated by Ouchter lony test wi th appropr iate immune sera was 
found only in the precipitates; there was no MSSA activi ty in any o f the supernatants. 
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FIG. 2. Scphadcx G-200 clution pattern of Actus monkey MSSA. Sample: 1*5 ml monkey 
M S S A + 200 mg sucrosc; resin: Scphadcx G-200 (140X400 //m mesh); column dimensions: 
2*7 x 100 cm; bulTcr: 0 1 M rris-HC\ in 0-5 M NaCI pH 8 0; temperature: 19 C ± 2 C ; f l ow rate: 
15 m l / h r ; volume: 5 ml fractions collected per tube. 

Note the distr ibut ion o f MSSA activity in the second peak fractions. 

T h e absorption experiments showed distinct differences among the MSSA sera wi th 
regard to their ab i l i ty to precipitate w i th the corresponding immune sera in 1*5% agar 
d i f fus ion tests. The precipi t in lines of MSSA sera Nos. 4, 18 and Aotus monkey did not dis-
appear af ter absorpt ion o f sera wi th antisera to IgG and I g M — and the precipitin lines 
wh ich developed after absorpt ion gave lines o f identity when compared to the lines devel-
oped by non-absorbed MSSA. The MSSA activity o f serum No. 55 was also not absorbed by 
ant iserum to IgG and was only part ial ly absorbed by antiserum to IgM (faint precipitin 
line appeared after 70 hr o f incubation). The precipitin activity o f sera MSSA No. 3 and 30 
was completely abolished after absorption wi th antiserum to IgM but remained after 
absorpt ion w i th ant iserum to IgG. 

The absorp t ion experiments suggested that MSSA Nos. 4, 18 and Aotus monkey serum 
contained MSSA not bound to immunoglobul ins but MSSA sera Nos. 3 and 30 (and per-
haps serum 55) contained MSSA bound to IgM. In order to confirm this difference, 7% 
agar was used for d i f fusion tests (low molecular substances not more than 7S wi l l diffuse 
in 1% agar, but higher molecular particles such as I9S arc not able to diffuse— Houba, 
unpubl ished observation). The MSSA were also clcaved by treatment with mercaptoethanol 
and ci t r ic ac id : the products o f the cleavage were also diffused in 1% agar. 

MSSA sera Nos. 4 and 18 gave faint precipit in lines in 1% agar after 70 hr incubation 
when tested w i th corresponding adult immune sera in all instances, that is MSSA before 
treatment as well as after treatment wi th mercaptoethanol and/or cit ir ic acid. The capacity o f 
these MSSA (treated or untreated) to form precipitin lines was not influenced by absorp-
t ion w i th antisera to IgG and/or IgM. Aotus monkey scrum showed similar properties but 
the precipi t in lines were much stronger. 

In contrast MSSA sera Nos. 3 and 30 showed no precipitin lines when tested against 
corresponding adult immune sera in 7% agar even after 90 hr of incubation. However, after 
treatment w i th mercaptoethanol and/or citr ic acid these MSSA sera produced precipit in 
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TABLE 2. Immunochemical properties of the various MSSA studied 

Precipitin reaction of MSSA sera 

Products used for testing and their treatment 18 4 3 30 55 Aotus 
monkey 

Gel diffusion test Sera precipitated with ammonium 
in 1-5% agar sulphate: 

Precipitate + + + + + -t-
Supernatant — — — - - -

Unabsorbed original sera + + + + + + 

Sera absorbed wi th : 
Ant i - IgG + + + + + + 
Ant i - IgM + + - - + + 

Gel diffusion test Sera non-treated unabsorbed ± + - - - + 
in 7% agar Sera treated wi th: 

(a) Mercaptoethanol 
Unabsorbed ± ± ± + + 
Absorbed with: 

anti-IgG ± ± + + + + 
anti-IgM ± ± ± + nd* + 

(b) Citric acid 
Unabsorbed ± ± + + + 4-
Absorbed with: 

Anti-IgG + + + + nd nd 
Ant i - IgM + ± + + nd nd 

* nd, Not done. 

/ • 
© 

0 

FIG. 3. Agar double diffusion test of MSSA No. 30 and corresponding adult immune serum 
No. 7. Central well, adult immune serum No. 7; I , MSSA No. 30 absorbed with anti-IgG 
diluted 1 : 3; 3, MSSA No. 30 absorbed with ant i - IgM diluted I : 3; 5, MSSA No. 30 absorbed 
with anti-IgM diluted I : 5; 2, 4 and 6; MSSA No. 30 unabsorbed. 

Note that the anti-IgM completely absorbed the MSSA activity whereas anti-IgG has no such 
effect. 
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Soluble serum antigens of P. falciparum in Nigerians—// 315 
lines w i th cor respond ing adu l t i m m u n e sera in 7 % agar af ter 48 -70 hr. The precipi t in 
act ivi ty o f bo th M S S A Nos . 3 and 30 t reated w i t h mercaptoethano l and /or c i t r ic acid was 
not inf luenced by abso rp t i on w i t h e i ther an t i se rum to I g M . 

MSSA serum N o . 55 presented f ind ings pa r t i a l l y d i f ferent f r o m the previous groups: this 
scrum gave no prec ip i t in l ine w i t h co r respond ing adu l t scrum in 7 % agar and after the 
treatment w i th mercap toe thano l o r c i t r i c ac id a very fa in t l ine appeared after 90 hr incuba-
tion. The absorp t ion exper iments w i t h ant isera to immunog lobu l i ns were not done due to 
shortage o f the M S S A N o . 55. 

The propert ies o f M S S A sera descr ibed above are summar ized in Table 2, and the typical 
results o f absorp t ion exper iment is g iven in Fig. 3. 

D I S C U S S I O N 

Our observat ions have shown some o f the d i f ferent propert ies o f MSSA released in to the 
c i rcu lat ion d u r i n g acute a t tack o f P. falciparum in fec t ion in young Niger ian chi ldren and 
their heterogeneity w i t h regard t o p rec ip i t i n f o r m a t i o n when diffused against immune sera 
f rom immune adul ts. 

Some o f the phys icochemica l p roper t ies were c o m m o n to al l MSSA inc lud ing the Aotus 
monkey M S S A : M S S A ac t i v i t y in a l l o f these sera was thermostable at IOO°C for 5 m in . 
stable at low p H (c i t r ic ac id p H 2-5 f o r 18 h r at r o o m temperature) and precipitable w i t h 
hal f-saturated a m m o n i u m sulphate. These propert ies are consistent w i th physicochemical 
properties o f P. falciparum %S" ant igens descr ibed by W i l son et al. (1969). 

A dist inct d i f ference a m o n g M S S A sera was demonst ra ted by absorpt ion experin»cni> 
w i th antisera to human i m m u n o g l o b u l i n s . T h e ab i l i t y o f MSSA Nos. 4 and 18 as wel] a* 
Aotus monkey M S S A to prec ip i ta te w i t h co r respond ing adul t immune sera was not inf lu-
enced by previous abso rp t i on w i t h the ant isera t o human IgG or I g M whereas the act iv i ty 
of MSSA Nos. 3, 30 and pa r t i a l l y 55 was abol ished by absorpt ion w i th ant iserum to I g M . 
The absorp t ion effect m igh t be exp la ined by cross-react iv i ty , e.g. that MSSA in the latter 
sera have had some c o m m o n or s im i la r ant igenic determinants w i th heavy chains o f I g M . 
However, the exper iments w i t h 7 % agar a f ter t rea tment o f the sera w i th mercaptoethanol 
and c i t r ic acid d i d not suppor t th is poss ib i l i t y . 

The increased concen t ra t ion o f agar in gel d i f fus ion test rcduces d i f fus ion o f high mole-
cular weight substances to such an extent that 19S molecules such as I g M cannot diffuse 
through 7 % agar under the cond i t i ons descr ibed but the l ow molecular substances o f 7S or 
lower (sub-units o f I g M ) do d i f f u s e — ( H o u b a , unpubl ished data). Th is experiment in 
combinat ion w i t h the reduct ive cleavage technique by mercaptoethanol and the dissociat ion 
of immune complexes at ac id p H by c i t r i c ac id has been appl ied in our studies in order to 
conf irm the differences f o u n d i n a b s o r p t i o n tests. M S S A Nos. 4, 18 and Aotus monkey 
MSSA diffused th rough 7 % agar regardless o f the i r t reatment w i th mercaptoethanol and /o r 
citr ic acid but M S S A Nos. 3, 30 and 55 d i d not d i f fuse th rough 7 % agar unless treated. 

Reductive cleavage by mercap toe thano l spl i t the molecules o f immunog lobu l ins , e.g. 
IgM in our case, in to smal l un i ts and p robab l y released the M S S A which di f fused th rough 
7% agar. Th is observat ion is consistent w i t h the loss o f serological act iv i ty o f I g M af ter 
treatment w i th mercaptoethano l ( H o u b a & A l l i s o n , 1966). The direct effect o f mercapto-
ethanol on M S S A seems un l ike ly . 

The treatment o f M S S A Nos . 3 a n d 30 w i t h c i t r i c acid at low p H split the an t i gen -
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316 V. Houba and A. I. O. Williams 

ant ibody complex, the antigen diffused through 7 % agar and their precipi tat ing abil i ty with 
immune sera was no longer influenced by absorpt ion w i th antisera to I gM . We have not 
experienced any recombinat ion effect du r ing neutral izat ion o f acid-treated MSSA sera and, 
therefore, the special techniques for separation o f antigen or ant ibody were not used. The 
f indings described have shown that MSSA may exist in free fo rm (Sera Nos. 4, 18 and 
Aotus monkey) or bound wi th I g M in the fo rm o f soluble immune complex (sera Nos. 3, 30. 
part ia l ly 55). This wou ld suggest that the free fo rm o f MSSA should have smaller molecular 
size than the bound MSSA, but as shown by f rac t ionat ion o f sera by Sephadex G-200 
chromatography, on ly Aotus monkey MSSA wou ld fit in to this hyphothesis. This monkey 
serum antigen differed f r om the MSSA found in the chi ldren in one aspect: non-immune 
Aotus monkey was art i f ic ia l ly infected w i th P. falciparum and the serum was collected in 
relatively short period before product ion o f ant ibodies. On the other hand, al l the children 
sera examined were f r om natural infections and had shown a certain level of humoral 
immun i t y (ant ibody titres to P. falciparum). 

MSSA f rom al l the chi ldren sera were eluted in earl ier fract ions o f Sephadex G-200 but 
only some o f them demonstrated MSSA bound in f o rm o f immune complex. This discrep-
ancy is di f f icult to explain as the exact nature and structure o f MSSA is not known (glyco-
proteins) and similar discrepancy o f MSSA molecular size estimated by two different 
techniques has been reported (Wi lson et al., 1969). The possibi l i ty exists that MSSA from 
the chi ldren sera are bound in immune complexes w i t h dif ferent degree o f dissociation 
which may depend on avid i ty o f ant ibody or on mult ivalency o f antigens. Complexes with 
very low avid antibodies may dissociate in gel d i f fus ion test at p H 8-6 whereas complexes 
w i th higher avidi ty o f antibodies may be stable. The impor tance o f differences between low 
and high avid i ty malar ial antibodies in fo rmat ion o f immune complexes and their biological 
significance has been recently discussed ( W H O , 1971). Un fo r tuna te ly , the l imi ted quantities 
o f sera available f rom very young chi ldren as wel l as some technical dif f icult ies d id not al low 
he further study o f these possibilities. 

The act iv i ty o f C 3 component o f complement in MSSA was found in the second protein 
peak in Sephadex G-200 chromatography which corresponds to the posi t ion found in 
normal human sera. This is evidence that complement has not been bound in the immune 
complex because i f it were, its act iv i ty wou ld be located in the first peak together w i th antigen 
(Soothi l l & Hendrickse, 1967). 

In conclusion, our observations have shown that MSSA may be detected in sera o f 
young Niger ian chi ldren dur ing acute P. falciparum infect ion in two fo rms: free and bound 
in complex w i th I g M . 
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