
Clin. exp. Immunol. (1980) 41, 81-90.

Direct antiglobulin reactions in Gambian children with P.
fakiparum malaria

III. EXPRESSION OF IgG SUBCLASS DETERMINANTS AND GENETIC
MARKERS AND ASSOCIATION WITH ANAEMIA

CHRISTINE A. FACER Department ofHaematology, The London Hospital Medical College,
London

(Acceptedfor publication 24 January 1980)

SUMMARY

The IgG subclass and Gm allotype distribution of red cell-bound IgG molecules from
Gambian children with past or present falciparum malaria has been determined. The
results show that the antibody is polyclonal with some predominance of the IgG2 and
IgG4 subclasses. A restriction towards IgG2 antibodies may indicate specificity for a
schizont-derived antigen which is carbohydrate in nature. Not all the allotypes normally
carried by the G3m(b) allele could be demonstrated on IgG3-sensitized cells, a finding
which remains unexplained. Expression of G3m( 10), ( 11) and (14) allotypes of the IgG3
molecule was noted. Sensitization of red cells with IgGl molecules correlated with the
presence of anaemia but red cells sensitized with IgG2, IgG3 or IgG4 usually came from
children with haematological findings within the normal range for that population. The
implications of the results are discussed with reference to the few reports on the subclass
and Gm allotype of malaria-specific IgG.

INTRODUCTION

Gambian children with past or present Plasmodiumfalciparum malaria often have a positive direct
antiglobulin test (DAT) with red cells sensitized with IgG with or without complement components
(Facer, Bray & Brown, 1979). In most cases the IgG eluted from the sensitized cells was found to
have specificity for P.falciparum schizont antigens. It was concluded that these positive tests were a
result of a Gell and Coombs Type II or Type III cytotoxicity involving malaria antigen-antibody
complexes (Facer, 1980).

One question, however, still remained unanswered. Although a positive DAT was associated
with the presence ofanaemia in children with acutefalciparum infections, there were many children,
particularly those with chronic low grade parasitaemias, who had sensitized red cells but no
anaemia. Theoretically, IgG-sensitized red cells in the absence ofconcurrent complement sensitiza-
tion might be removed from the circulation by binding to blood, splenic and hepatic mononuclear
phagocytes which possess receptors for the Fc fragment ofIgG (Kay & Douglas, 1977). In addition,
Fc receptors are also present on K cells and activated T cells which may cause antibody-dependent
lysis of sensitized cells (Logue & Rosse, 1976). However, in our study, many Gambian children had
IgG-sensitized red cells persisting in the circulation for up to 6 weeks after initial observation (Facer
etal., 1979).
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The present studies were designed to investigate the IgG component of the immune complex
bound to the red cells in more detail for two main reasons. First, since the IgG subclass is important
in determining the degree of haemolysis of antibody-sensitized cells (Gilliland, 1976; Lalezari,
1976), it would be of interest to define the subclass on in vivo-sensitized cells. Second, since specific
antibodies, including red cell antibodies, often favour a single Gm allotype out of the possible Gm
phenotype of any individual (Litwin, 1973; Le Petit et al., 1976), Gm markers on the antibodies
should also be investigated.

MATERIALS AND METHODS

Patients
Fifty-three children from three areas were investigated. Firstly, twenty-three children presenting
with acute P. falciparum malaria at the MRC Laboratories, Fajara, during the rains of 1976 and
1977. Secondly, ten children with chronic low-grade parasitaemias from the village population of
Brefet having an age range of 1-6 years. The third group consisted of twenty primary school
children with an age range of 7-9 years. All the children had a strongly positive direct antiglobulin
test with anti-IgG. Children younger than 8 months were excluded from the study because
maternally derived IgG might interfere with the Gm phenotyping of the patient (Grubb, 1970;
Morell, Skvaril & Barandun, 1976). Further details of the. three groups of children have been given
in previous communications (Facer et al., 1979; Facer,1980).
Subclass ofIgG on in vivo-sensitized cells
The IgG subclass was determined directly on patients' red cells with specific anti-subclass sera.
Sheep antisera to human IgGI (Nos 244-211), IgG2 (No. Z524R) and IgG4 (No. Z428E) were
obtained from the Department of Experimental Pathology, University of Birmingham. A rabbit
anti-IgG3 was prepared at The London Hospital by injecting rabbits with1 -mg amounts of purified
IgG3 myeloma protein in Freund's complete adjuvant intramuscularly at weekly intervals for 6
weeks. The antiserum was then absorbed three times with 2-mg amounts of purified IgG 1, IgG2 and
IgG4 proteins. All antisera were heat-inactivated at 560C for 30 min and absorbed with blood group

RIR2 erythrocytes forI hr at37°C and4°C. Specificity of antisera was checked by agar
immunodiffusion and by agglutination of red cells sensitized with purified IgG subclass proteins
using the chromic chloride method (Parish & Hayward, 1974). Sensitized cells gave strong 4+
agglutination with titres exceeding 1,024 with the appropriate subclass antisera. There were no
cross-reactions.

To determine the IgG subclass a 25% suspension of the patients' red cells was added to doubling
dilutions of subclass antisera in microtitre V-plates and left forI hr at 37°C when the presence or
absence of agglutination was recorded (Facer et al., 1979).

Gm allotypes on in vivo-sensitized cells
Typing was carried out for the following antigens: Glm(l), (2), (3) and G3m(5), (10), (11) and (14).
The allotypes determined and the reagents used are shown in Table 1. The numerical nomenclature
for genetic factors as recommended by the WHO is used (WHO, 1976). The control reference sera
with known Gm phenotypes were as follows:

1/K/75: Glm(1, 2, 17): G2m(-23); G3m(21); Km(- 1, -2);
2/J/75: Glm(3); G2m(23); G3m(5, 10, 11, 13, 14); Km(l, 2).
All reagents and reference sera, unless otherwise stated, were kindly provided by Diana Brazier,

MRC Blood Group Reference Laboratory. Anti-Gm sera were first heat-inactivated at 56°C for 30

min and then absorbed with blood group A and B rrerythrocytes at 37°C and 4°C for I hr to remove
any anti-A or anti-B antibodies in the donor sera.

The Gm allotypes of the antibody molecules were determined directly on the patients' red cells.
Doubling dilutions of antisera in saline were made in microtitre V-plates, a 2-5% suspension of
patients' washed red cells added, and plates left for I hr at 4°C then read for agglutination pattern.
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Antiglobulin reactions in malaria
Alternatively, agglutination was read by a tile technique using undiluted antisera. Positive control
cells included blood group 0 RIR2 donor red cells sensitized with incomplete IgG anti-D carrying
known Gm markers.

In all cases where agglutination was obtained with specific antisera (anti-subclass or Gm
allotype), inhibition tests were performed using purified myeloma proteins of the four IgG sub-
classes. Allotypic specificity was also checked by inhibition using sera ofknown phenotype. Results
not confirmed by these inhibitions were ignored.

Gm phenotyping
The serum Gm phenotypes were determined by the classical agglutination inhibition technique
(Ropartz, Rivat & Rousseau, 1963), using blood group0 RIR2 donor red cells for sensitization and
undiluted patients sera for inhibition.

Haematology
Packed cell volume (PCV) and haemoglobin (Hb) were determined as described previously (Facer et
al., 1979).

Statistical analysis
For the association between IgG subclass and anaemia, an adaptation ofthe x2 test generalized for a
five-way contingency table was used.

RESULTS

IgG subclass on the patients' red cells
The IgG subclass distribution of red cell-bound IgG was determined in fifty-one of the fifty-three
children investigated. The results are shown in Tables 2, 3 and 4. There was no overall restriction to
one particular IgG subclass but there did appear to be an association between the age of the child
and the subclass. For example, if the children were classified into two groups according to age, the
first from 8 months to 4 years (which includes the majority with acutefalciparum malaria), and the
second from 5 to 9 years (mainly the primary school children), then more in the latter group had cells
sensitized with IgG2 antibodies. The reverse was true for sensitization with IgGI (Fig. 1). There was
no obvious difference between the two age groups in frequency of IgG3 and IgG4 sensitization.

Association ofsubclass with anaemia
Children were considered anaemic if they presented with a PCV of < 30% (Hb < 10 0 g%). Table 5
shows the distribution of subclasses in relation to anaemia. Statistical analysis indicated no
significant association between red cells sensitized with IgG2, IgG3 and IgG4 alone or in combina-
tion, and anaemia (P> 0I1). However, a positive correlation was found between anaemia and

Table 1. Reagents used to detect immunoglobulin allotypes

Coating antigen Antiglobulin
Chain Genetic marker (anti-Rh) (anti-Gm)

yl GIlm(a) or (1) G106 & Biotest 111 1 16 GD27 human
Glm(x) or (2) GIOI & Biotest 114066 GD49 human
Glm(f) or (3) G35 GD52 human

y3 G3m(bO) or ( 11) G91 GD I 10 human
G3m(bl) or (5) G30 GD33 human
G3m(b4) or (14) G18 GD31 human
G3m(b5) or (10) G104 GDI 10 human

& Biotest 128038 human

83



84 Christine A. Facer
Table 2. Fajara 1976/77: genetic markers and serological data in Gambian children with acute falciparum
malaria and a positive DAT

DAT
titre Isotype on Allotype on

in vivo-coated in vivo-coated
Patient IgG C3d red cells red cells

C5 128 32 IgGl, IgG3, IgG4 n.t.
C6 128 16 IgG4 n.t.
C30 256 32 IgGl, IgG3, IgG4 Glm(l); G3m(l 1, 14)
C49 256 16 IgGI, IgG3 n.d.
C53 256 32 IgGI, IgG3 Glm(l); G3m(10)
C66 64 16 IgGl, IgG3 G3m(10)
C71 32 8 IgG I n.d.
C76 64 32t IgG I n.d.
C81 1,024 32t IgGI, IgG3 G3m(l0)
C86 32 16 n.t. G3m(l0)
C87 > 2048 0 IgGI n.d.
C981 1,024 128 IgG2, IgG4 0
C116 256 128 IgG2, IgG4 0
C120t 512 128 IgGl, IgG4 Glm(l)
C130t 64 0 IgG2 0
C148 512 256 IgGI, IgG4 Glm(l)
C151 >2,048 >2,048* IgG2, IgG4 0
C153t 1,024 128 IgG4 0
C154 1,024 256 IgG2, IgG4 0
C157$ >2,048 512t IgG3, IgG4 n.t.
C162 128 0 IgG4 0
C167 1,024 64 IgG2, IgG4 0
C171 >2,048 256 IgG3, IgG4 G3m(10, 11)

All patients had a Gm(l, -2, -3, 5, 10, 11, 14) phenotype.
0= No marker yet discovered for negroid IgG2 and IgG4.
n.t. =Not tested.
n.d. = Not detected using antisera available.
* C3b found in addition to C3d but without concurrent C4b sensitiza-

tion.
t C3b and C4b also found membrane bound.
T Red cell eluates made from these patients had specificity for falci-

parum schizont antigens.
For details on antisera used in the DAT see Facer et al., 1979.

sensitization with IgGI molecules (X2= 7 52; P < 001; 1 degree freedom). In addition there was a

greater chance of finding a child anaemic if IgGI was present and IgG4 absent (P< 0 01). Children

found with red cells sensitized with IgG2 or IgG4 alone or in combination (and without concomi-
tant complement fixation) were never found to be anaemic.

Gm allotype on in vivo-coated red cells
Results for individuals are shown in Tables 2, 3 and 4. Allotyping was restricted to patients with red

cells sensitized with IgGI or IgG3 since, as yet, no markers for the Fc or Fd of negroid IgG2 and

IgG4 have been described (van Loghem et al., 1978). The distribution ofIgG antibody molecules in

relation to their subclass and Gm type is shown in Fig. 2. Of seventeen children with IgG1
antibodies, six showed the Glm(l) allotype and one the Glm(4). The majority of children with

IgG3 antibodies showed a preferential expression of particular Gm allotypes. Seven individuals
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Table 3. Brefet 1976: genetic markers and serological data in Gambian children with chronic low-grade
parasitaemias and a positive DAT

DAT
titre Isotype on Allotype on

in vivo-coated in vivo-coated
Patient IgG C3d red cells red cells

707 64 32 IgG3 n.d.
772 > 2,048 8 IgG3 G I m(l); G3m(10)
717 32 0 IgG2, IgG3, IgG4 Glm(l); G3m(l 1, 14)
744 32 0 IgG4 0
745 32 8 IgG3 n.d.
751 64 0 IgG4 0
799 512 32 IgG2, IgG3, IgG4 G3m(14)
807 1,024 32 n.t. Glm(l); G3m(1)
812 64 64* IgGI, IgG3, IgG4 n.t.
837 512 16 IgG3 G3m(11, 14)

All patients had a Gm(l, -2, -3, 5, 10, 11, 14) phenotype with
the exception of 837 who had a Gm(l, -2, -3, -5, -10, 11, 14)
phenotype.

For abbreviations see footnote to Table 2.
* C3b and C4b also found membrane-bound.

showed the G3m(l0) allotype alone or in combination with G3m( 11) and the remainder had
molecules marked by the G3m(14) allotype.

Gm phenotyping
All sera taken from children included in this investigation were tested for Glm(l), (2), (3) and
G3m(5), (10), (11) and (14). Gm(l, -2, -3, 5, 10, 11, 14) was the common phenotype (Table 2).
However, patient 837 had a Gm( 1, -2, -3, -5, - 10, 11, 14) phenotype (Table 3), and patient 487
a Gm(l, -2, 3, 5,10,11, 14) phenotype with probable Gm(l, 5, 10,11,13,14, 17) and Gm(3, 5, 13,
14, 23) haplotypes indicating mixed Caucasiaw ,ncestry (Table 4). IgG anti-IgG autoantibodies
were present in many ofthe sera, occasionally complicating Gm typing, further details ofwhich will
be presented in a subsequent communication.

DISCUSSION

In previous papers it has been shown that Gambian children often have a positive direct antiglobu-
lin test and that the IgG bound to the red cell has P. falciparwm schizont specificity (Facer, 1980).
Frequently, we found children without evidence ofhaemolysis at presentation, in whom IgG-sensit-
ized red cells persisted in the circulation for periods of up to 6 weeks (Facer et al., 1979).

The present investigations demonstrate that these observations can be partly explained by the
immunochemical characteristics of the individual IgG molecules sensitizing the red cells. In
agreement with Gilliland (1976), the IgG subclass appears to be an important factor in determining
destruction of the red cells and subsequent anaemia. In the autoimmune haemolytic anaemias it is
now evident that the red cell-bound IgG subclass has a decisive effect on both the severity and the
site of in vivo red cell destruction (Lalezari, 1976). The in vivo effects have been attributed to two
independent properties. The first is the efficiency with which IgG antibodies fix complement. In this
function IgG3 is efficient, IgG I has moderate activity, IgG2 slight activity and IgG4 does not bind
Clq at all but may activate the alternate pathway (Hobart & McConnell, 1975). Another property
influencing the in vivo fate of red cells coated with IgG, is related to the interaction between the Fc
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Table 4. Primary school children: genetic markers and serological data on children with low-grade parasitaemias
and a positive DAT

DAT
titre Isotype on Allotype on

in vivo-coated in vivo-coated
Patient IgG C3d red cells red cells

401 256 512 IgGl, IgG2 n.d.
403 512 512 IgGl, IgG3 G3m(14)
418 >2,048 0 IgG4 0
421 256 0 IgG4 0
428 128 0 IgG2, IgG4 0
436* >2,048 0 IgG2, IgG4 0
441 512 64 IgGI n.d.
444 128 0 IgG2 0
447* 512 0 IgG2 0
454 128 128 IgG3 n.d.
483 512 256 IgG4 0
486* >2,048 32 IgGl, IgG2, IgG4 Glm(l)
487 128 128 IgGI, IgG4 Glm(l, 3)
499 512 64 IgG3 n.d.
509 >2,048 0 IgG2, IgG4 0
942 >2,048 0 IgG2, IgG4 0
944 512 0 IgG2 0
957 256 0 IgG2. IgG4 0
968 512 0 IgG2 0
1002 512 0 IgG2 0

All children had a Gm(l,-2, -3, 5, 10, 11, 14) pheno-
type with the exception of487 who had a Gm(l, -2,3,5, 10,
11, 14) phenotype.

For abbreviations see footnote to Table 2.
* Red cell eluates made from these patients had speci-

ficity for schizont antigens.
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Fig. 1. Distribution of red-cell bound IgG subclass antibodies in Gambian children as related to age. (o) 1-4
years, ( ) 5-9 years.
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Table 5. Distribution of IgG isotypes sensitizing erythrocytes from fifty-one Gambian children with past or
present P. falciparum malaria. Association with anaemia

IgG isotype sensitizing red cells

1+ 1+ 2+
1 2* 3 4* 1+2 1+3 1+4 2+3 2+4* 3+4 2+4 3+4 3+4

Number of
children 4 6 6 8 1 4 3 1 10 2 1 3 2
Percenttotal 78 117 117 157 19 78 58 19 20 39 19 5-8 39
Percent anaemic 75 0 0 0 100 75 33 100 40 100 0 33 0

* Patients with red cells sensitized with subclasses IgG2 or IgG4 (or together) wiithout concomitant
sensitization with C' did not present with anaemia.
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Fig. 2. Distribution of red cell-bound IgG molecules in relation to subclass and Gm allotype in children with
DAT-positive red cells.

region of the cell-bound antibody and specific receptors on phagocytic and cytotoxic cells. Mono-
cytes and tissue macrophages have receptors only for the Fc ofIgG3 and IgG I (Lobuglio, Cotran &
Jandl, 1967; Abramson & Schur, 1972; Engelfriet et al., 1974). The Fc receptor-mediated adherence
to these cells in vivo plays an essential role in the destruction ofIgG-sensitized red cells in the absence
of complement fixation (Borne, Beckers & Engelfriet, 1977a). Thus IgGl and IgG3 would be
expected to exert a greater destructive effect on red cells than IgG2 or IgG4. Indeed, IgG3
autoantibodies invariably cause a haemolytic anaemia, while about half the patients with IgGl
alone have evidence of haemolysis (Bakemeier & Leddy, 1967; Engelfriet et al., 1974; Gilliland,
1976). Conversely, the few patients with red cell-bound IgG2 antibodies do not manifest haemolytic
anaemia (Bakemeier & Leddy, 1967).

The majority ofGambian children investigated had red cells sensitized with IgG2 or IgG4 alone
or in combination. Only a small percentage of these children were found to be anaemic and then
only if there was evidence ofconcurrent complement fixation on the cell membrane, possibly via the
alternate pathway with IgG4 molecules (Hobart & McConnell, 1975). Evidence for this was
demonstrated in one patient (C 151 ) who had a positive DAT for IgG and C3b but was negative for
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C4b. An anti-C4d antiserum might have provided further evidence for activation of the alternate
pathway in many other children with red cells coated with C3d (Facer et al., 1979). These results
may be compared with the results from patients with autoimmune haemolytic anaemia (Borne et al.,
1977b) and IgG2a anti-erythrocyte antibodies in mice (Cox & Koh, 1977). The binding of
antibodies per se does not lead to damage to the red cell, nor does it have any influence on its
metabolism (Borne et al., 1971).

Children with red cells sensitized with IgGI alone were anaemic and the association between the
two was found to be statistically significant. This probably relates to complement fixation by the
IgGl molecules and the interaction of IgG1 with phagocytic cells as described above. Statistical
analysis also indicated that there was less chance of red cell destruction if a mixture of IgG1 and
IgG4 antibodies were found. There is no obvious explanation for this, although the presence of
IgG4 molecules may in some way interfere with the interaction of the Fc of IgGI with Fc receptors
on phagocytic cells.

Occasionally we found children withfalciparum parasitaemias who had red cells sensitized with
IgG3 alone, or in combination with other subclasses, who did not present with anaemia. Again the
persistence of these cells in the circulation requires explanation. The Fc receptor sites for IgG3
molecules on phagocytic and mononuclear lymphoid cells may become blocked by increased
circulating unbound immune complexes found in children withfalciparum malaria (Greenwood &
Mohammed, personal communication). The presence of separate cell membrane receptors for
eitherIgM or IgG molecules distinguishes two distinct T cell populations (TM and TG respectively).
It has recently been demonstrated that suppressor TG cells which had reacted with IgG-containing
immune complexes were not able to re-express their IgG receptors, and the lymphocytes subse-
quently lost most of their cytotoxic activity. Thus contact with IgG immune complexes could act as

a 'switch off' signal for synthesis and/or membrane insertion of the IgG receptors by TG (Moretta,
Mingari & Romanzi, 1978). A 'switch off' mechanism of this type might not only explain the
persistence of sensitized red cells in children with malaria but also might explain the high immuno-
globulin levels that are characteristic of falciparum malaria infections (Greenwood, Odoloju &
Stratton, 1977).

Each IgG subclass is determined at a separate gene locus and can be analysed genetically by
means of the Gm markers, which are genetic determinants localized to different positions on the
constant region of the 7-heavy chain of IgG (Litwin & Balaban, 1972). In rabbits, mice and man,

specific antibodies often show a predominance of one or more allotypes in heterozygous subjects.
For example, predominance of Gm(l) in Rh antibodies (Litwin, 1973; Le Petit et al., 1976),
allotypic restriction of autoantibodies in thyroid disease (Farid et al., 1977), uncommon Gm
phenotypes of neuroblastoma patients (Morell et al., 1977), and certain allotypic restrictions of
malarial IgG antibody (Curtain & Baumgarten, 1965), have all been reported.

The present investigations have similarly shown a preferential expression ofcertain Gm markers
on the IgG sensitizing the red cells. Gm phenotyping of serum IgG, carried out to determine
heterozygosity for Gm allotypes, showed the common haplotype was Gm (1, 5, 10, 11, 13, 14, 17)
confirming the earlier reports of Gm phenotyping of the Gambian population (Johnson, Kohn &
Steinberg, 1977). Our results demonstrated a molecular heterogeneity and probably polyclonal
origin of these antibodies. There was a predominant expression of the Glm(l) allotype in children
with red cells sensitized with IgG1, although it is impossible to say whether this represented
preferential allotypic expression, since the negroid IgGl molecule does not carry the Glm(2) or (4)
antigens ofIgG I as in Caucasians, and the lack ofanti-Gm(17) antisera prevented us typing for this
IgG1 allotype. However, only G3m(10), (11) or (14) allotypes or subfactors were found expressed
on IgG3 molecules sensitizing the erythrocytes. This does not represent any form of allelic exclusion
since the G3m factors are not antithetic and the G3m(5),(10),(11) and(14) allotypes are all carried
by the same G3m(b) allele. However, it is known that in negroes, other G3m alleles can occur when
one or more of the G3m(b) allotype markers is replaced by another marker (van Loghem, personal
communication). If a patient was heterozygous for such an allele and the normal G3m(b) allele, it
may be that all G3m(b) subfactors were not found on sensitized cells when that particular antibody
was produced by the less common allele. Recently Johnson et al. (1977) have provided evidence
which shows that the less common Negro G3m(b) alleles do occur in the Gambian population.
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The results on Gm allotypes differ from those of the earlier work of Curtain & Baumgarten

(1965) who found that malaria antibody against P.falciparum schizonts in twenty-four Melanesian
patients had G3m(5) specificity. However, this particular study was restricted in that the authors
only typed for the G3m(5) and Glm(l) markers.

The results of subclassing the IgG on the same cells leads to speculation on the nature of the
antigen component ofthe immune complex sensitizing the red cells. A variety ofstudies have shown
that many antigens elicit antibody responses restricted to certain IgG subclasses. Subclass predomi-
nance has been reported in human IgG antibodies to diphtheria and tetanus toxin (IgG1; Yount et
al., 1968), measles virus (IgG 1; Vandvik, Natvig & Norrby, 1977), coagulation Factor VIII (IgG4;
Robboy et al., 1970) and antibodies to the Rh D antigen (IgGI and IgG3; Devey & Voak, 1974).
The present study demonstrating a predominance of IgG2 and IgG4 subclasses may have certain
implications. First, the predominance of IgG2 could indicate that these antibodies are directed
against schizont antigens which are carbohydrate in nature. Most antibodies to carbohydrate
antigens produced in man (Yount et al., 1968; Riesen, Skvaril & Braun, 1976) are confined
predominantly to the IgG2 subclass, one which appears by antigenic criteria to be the most
primitive human subclass (van Loghem & Litwin, 1972). Wilson & McGregor (1973) have
demonstrated a predominance of IgG2 antibodies to malarial 'S' antigens in adult Gambian sera.
However, the 'S' antigens are thought to be proteins, although it has yet to be proved that they are
parasitic in origin (Wilson, 1974; Wilson, McGregor & Williams, 1975). The other feature found in
our study, namely the frequency of IgG4 antibodies, is unusual since IgG4 is normally found in low
concentrations-only 0-2 mg/ml at the age of 2 years (about one-half ofthe adult concentration) in
normal Caucasian serum (Morell et al., 1976). The levels in West African negro children have not
been investigated. However, IgG4 antibodies do not represent maternally derived IgG4 since all
children in our study were of the age when maternally derived IgG would have been catabolized.

The existence ofmore than one IgG subclass on the red cells ofour patients suggests a number of
different schizont-derived antigens are involved in the immune complexes. To confirm this one
would need to elute the bound immune complex and investigate the nature and origin of the
antigens in the eluate. It is proposed to continue investigations along this line particularly since
defining plasmodial antigens has importance not only in the immunopathology of falciparum
malaria, but also in the development of an effective malaria vaccine.
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