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The role of mitogenic factors in the pathogenesis of
certain features of malarial infection

' G. 0. OYEYINKA
Immunology Unit, Department of Medicine, Ahmadu Bello University Hospital, Zaria, Nigeria

Summary

The clinical and pathological features of
malaria have been well recognized for a
long time. Macroglobulinaemia accompanies
malarial infections and these patients have in-
creased susceptibility to secondary infection.
They may also have splenic enlargement. How-
ever, how these changes are brought about is
still not fully explained. For over a decade
many researchers have looked into the possibil-
ity of a parasite-derived mitogen being partly
responsible for some of these features. This
paper appraises, in the light of evidence so far
advanced, the role of mitogenic factors in the
pathogenesis of hypergammaglobulinaemia,
immunosuppression and splenomegaly associ-
ated with malarial infection. The nature of the
stimulatory material in parasite extracts is also
discussed.

Résumé

Depuis longtemps, I'on connait les caractéristi-
ques cliniques et pathologiques du paludisme.
Une quantité élevée de globules dans le sérum
accompagne l'infection paludéenne, et I'on a
observé chez les patients traités une susceptib-
ilité accrue a des infections secondaires. 1l est
possible qu'ils aient souffert d'une dilatation de
la rate. On ne s’explique pas encore exacte-
ment, cependant, la fagon dont ces change-
ments surviennent. Depuis plus de dix ans
maintenant, les chercheurs pensent qu'un
mitogéne provenant d’un parasite cst a I'origine
de certaines caractéristiques du paludisme. A la
lumi¢re de ce que nous savons déja, nous
évaluons dans cette communication le roéle
des facteurs mitogéniques dans la pathogénie
de I'excés de gammaglobuline dans le sérum,
de la suppression du systeme d'immunisation ct
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de la dilatation de la rate associées a I'infection
paludéenne. Nous examinons également la
nature des stimulatants dans des extraits de
parasite.

Hypergammaglobulinaemia

Immunoglobulin M levels in serum increase
rapidly during acute malarial infection [1].
Those exposed to recurrent attacks of malaria
have high serum IgG and IgM levels [2,3]. Only
a small proportion of the serum immunoglobu-
lins in infected individuals contains antibody
activity specific for the malaria parasite [4]; the
remainder are antibodies with heterophile and
autoimmune reactivity [5]. The diversity of the
immune response was believed to suggest
polyclonal B-cell activation, and the possibility
of a malaria mitogen was therefore proposed
[6,7]. Blast transformation of human peripheral
blood lymphocytes [5,8-12] and rodent spleno-
cytes [13-15] have been used to study the activ-
ity of extracts of Plasmodium falciparum- and
Plasmodium berghei-infected red blood cells.
The results ranged from the demonstration of
antigen-specific stimulation of previously sensi-
tized lymphocytes [8,12] to mitogen-like stimu-
lation of both sensitized and non-sensitized
lymphocytes [5,9,11,13].

A more direct evidence for lymphocyte (B
cell) activation by a malaria ‘mitogen’ was pre-
sented by Freeman and Parish [14] who showed
that a water-soluble extract of P. berghei-
infected red blood cells greatly enhances IgM
plaque formation by BALB/c mouse spleen
cells in vivo. Also, it has been possible to in-
duce hypergammaglobulinaemia in uninfected
BALB/c mice with P. berghei culture super-
natants [16]. The active factor in P. falciparum
culture supernatants has been partially charac-
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terized. It was found to be heat resistant,
partially degraded by proteolytic enzymes (sug-
gesting that it might be a glycoprotein) and in
fractions with a molecular weight of about
200,000 daltons on gel filtration [5].

The putative mitogen from P. falciparun sti-
mulated both B and T lymphocytes in experi-
ments reported by Greenwood et al. [5] but
Wyler er al. [11] obtained stimulatory responsc
in T but not B cells. The purification method
for B lymphocytes employed by Greenwood et
al. [5] allowed some contamination with T cells.
The response to the ‘mitogen’ was reduced by
anti-theta serum [13]. supporting the involve-
ment of T lymphocytes. However, depletion of
B and T cells occurs in the lymph nodes of mice
infected with P. berghei [17]. Similar changes
have been observed in the peripheral blood of
children with acute P. falciparum malaria
[18.19). The results obtained by Greenwood
et al. [19] indicate that T lymphocytes are rela-
tively more depleted than B lymphocytes.
T-lymphocyte depletion in acute malaria is
not accompanied by significant impairment
of cell-mediated immunity to skin-test recall
antigens and scnsitization with dinitrochloro-
benzene [20]. However, the response of
patients’ lymphocytes to phytohaemagglut-
inin (PHA) was normal only on maximal
stimulation [20] and was slightly reduced at sub-
optimal concentrations of the mitogen [21].

More recent evidence indicates that the pro-
liferative response of lymphocytes from malaria
patients to the T-cell mitogen La (leucoaggluti-
nin from PHA) was significantly reduced, com-
pared with that of controls [22]. With pokeweed
mitogen (PWM), which stimulates T cells and
induces a T cell-dependent activation of B cells,
they found no difference in the proliferative re-
sponse  between patients and  controls.
However, Troye-Blomberg ¢f al. [12] observed
that P. falciparum extracts induce significant
stimulation of DNA synthesis (peaking after 3—
4 days of incubation) in malaria patients’ lym-
phocytes. They noted that this response was
specific for P. falciparum since it was not
obtained with lymphocytes from healthy donors
nor with those from patients with acute P. vivax
or P. ovale malaria. In a malaria-endemic re-
gion in Upper Volta, Danicl-Ribeiro er al. [23)
have found an abnormal prevalence of anti-
nuclear antibodies in contrast to the normal fre-
quency of other anti-tissue antibodies.

Oyeyinka

Immunosuppression

McGregor and Barr [24] have shown that chil-
dren on malaria prophylaxis had a greater anti-
body response to tetanus toxoid than children
who had not received prophylaxis. The fact that
immunosuppression accompanics malarial in-
fections is now well documented [20,25-28).
Investigations of malaria-induced immunosup-
pression in animals have shown that humoral
immunity is affected more than cellular immun-
ity [29]. Evidence for suppressor cell activity
could not be found in malaria-infected mice 30,
31]. However, malaria results in a numerical in-
crease [32] and activation [33] of macrophages
in the spleen. Some of these macrophages may
elaborate soluble mediators that inhibit lym-
phocyte proliferation [34]. There is evidence for
disrupted accessory function of adherent
splenic cells in malaria [35-37]. T cell-indepen-
dent responses, like T cell-dependent  re-
sponses, may require macrophage assistance
[38]. Thus, immunosuppression may result
from a defective accessory function of macro-
phages, and perhaps also from an activation of
their suppressor potential [30.34]. Enhanced
immunoglobulin synthesis [16] in the presence
of macrophage-induced immunosuppression in
malaria may be due to the fact that adherent
cells that elaborate suppressor factors are only
obtainable in the later stages of infection [34].
Mitogens were found to be unable to induce im-
munosuppression of the response to primary
stimulus except when administered days before
immunization [39.40]. and it is possible that
macrophage suppressor factors behave alike.

Other factors may also contribute to im-
munosuppression as mitogenic factors have
been found associated with malarial infections
[9,41]. B-cell mitogens have immunosuppress-
ive potentiality [39.40]. Evidence has been pre-
sented to show that mitogenic extracts of
P. berghei induce a depressed immune response
to meningococcal polysaccharide vaccine in
BALB/c mice [15].

Malarial splenomegaly

The spleen undergoes a dramatic increase in
size in malarious animals and could reach up to
fifteen times the size of normal spleen [42].
Untreated malarial infection may lead to the
development of the tropical splenomegaly syn-
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drome (TSS) [43] in some human patients. The
pathogenesis of the splenic enlargement charac-
tenistic of TSS is stll not fully explained.
Ziegler [44] postulated that TSS results from
prolonged stimulation of the reticuloendothe-
lial system (RES) by circulating macromolecu-
lar immune complexes. Indirect evidence for
immune complex formation and deposition in
the RES has been presented [44-46] but corre-
lation between serum immune complex level
and splenic size could not be found [46]. Also,
an attempt to induce splenomegaly in mice by
injection of sera from TSS patients. which
contain high levels of IgM and immune com-
plexes, failed [47].

The production of mitogenic factors is char-
actenstic of malarial infection [9.41]. Freeman
and Parish [14] found that the numbers of
plaque-forming cells were ten to forty times
clevated in  the spleens of uninfected
BALB/c mice, injected with supernatants of
lysates of P. berghei-infected red blood cells,
when compared with mice injected  with
supernatants  of uninfected red blood cells.
Therefore, the involvement of a malaria ‘mito-
gen’ in the pathogenesis of the splenomegaly of
malarial infection may be a rewarding hypoth-
esis. Available evidence [48] failed to prove this
hypothesis.

Discussion

The observation of depleted T-cell number
(18,19.22] and enhanced immunoglobulin syn-
thesis [1.16] in acute malaria suggests that
there may be a selective depletion or inactiva-
tion of a subpopulation of T lymphocytes in this
discase. These may be suppressor T cells, as
patients with malaria have been observed to
have a loss of functional Con A inducible T sup-
pressor cells [49]. However, Troye-Blomberg ¢t
al. [22] observed a relatively clevated level of
T8* T cells (expressed as percentage of total
T3* cells) in P. falciparum patients. Also,
Troye-Blomberg et al. [12] noted significant sti-
mulation of DNA synthesis in patients’ lympho-
cytes in response to parasite extracts and the
responding cells may be mainly T8* suppressor
T cells. However, these cells may be defective
functionally. In a study of the relationship be-
tween H-2 expression and the induction of T
cell-dependent immunity to plasmodia in mice,
the T cells active in this system were shown to

be ‘contrasuppressor’ cells [SO]. These are a
subset of Lyt-1* cells exerting their effects by
inactivating T suppressor cells of Lyt-2* pheno-
type.

Lymphocyte activation by extracts derived
from malaria parasites has been showntobea T
cell-dependent phenomenon [51] and the ex-
tract has been demonstrated to be a T-cell
‘mitogen” [11]. T-cell mitogens can secondarily
induce a functional B-cell response [52]. It is
hereby suggested that a parasite-derived ‘mito-
gen® is involved in the induction of hyper-
gammaglobulinaecmia in  malarial infection;
that the ‘mitogen’ operates through the acti-
vation of ‘contrasuppressor’ cells (or their func-
tional cquivalent in man). which inactivate
suppressor T lymphocytes, thus resulting in ex-
cessive immunoglobulin production by B cells
through unrestricted helper T-cell function.
Wyler et al. [11] could not find increased num-
bers of spontancously proliferating B cells in
the circulation of patients with malaria but they
examined only three patients. However, the
possibility also exists that malaria preparations
may be able to stimulate antibody secretion
without inducing B-cell proliferation [11].

If *contrasuppressor’ cells (or their human
equivalent) are active in malarial infections,
suppressor lymphocytes will be hampered func-
tionally and cannot be the explanation for
immunosuppression associated with this con-
dition. Tanabe e¢r al. [31] and McBride and
Micklem [30] failed to detect suppressor-cell
activity in the response of infected mice to
polyvinylpyrolidone and dextran, respectively.
Immunosuppression in malaria seems associ-
ated with a temporary blockage of B-cell differ-
entiation rather than destruction or permanent
inactivation of responsive clones [30]. Thus,
stimulation of antigen-sensitive cells by mito-
genice factors may lead to emergence of a cell
population that has temporarily lost its ability
to react with antigen especially as the prolifera-
tive potential of B-cell clones is limited [S3].

A possible mechanism of malaria *mitogen’
involvement in the production of splenomegaly
may be through the polyclonal stimulation and
consequent proliferation of splenocytes [48].
However, it is not everybody with malaria who
develops splenomegaly. Why some develop
splenomegaly and others do not may be due to
genetic reasons as B-cell activity is regulated by
the T-cell system. The efficient induction of a
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specific T-cell response requires that the foreign
antigen is presented to the T cells in the context
of the major histocompatibility antigens (MHC-
antigens) [50]. Meanwhile, there is no evidence
of an excessive response to the polyclonal B-cell
activation of malaria in subjects with TSS [50].
The fact that spleen cell proliferation may
be induced in the presence of concomitant
immunosuppression in malaria [14] may be
explained by the fact that splenocytes may
have been activated before macrophage sup-
pressor factors were generated. Mitogens fail to
induce suppression of the primary immune
response except when administered  before
immunization [39,40]; it is possible that macro-
phage suppressor factors behave similarly.

The issue can be raised whether the stimula-
tory material in malaria parasite extracts is
actually a mitogen. A close look at the litera-
ture and careful attention to results obtained
indicate that the active factor demonstrates
antigen specificity. If they exhibit mitogenic
properties at all, this is not likely to be signifi-
cant. The points that have been put forward
for a mitogenic nature of the active factor
in malaria include: (i) its ability to stimulate
non-immune lymphocytes [5,9,14,15] and cord
blood lymphocytes [5.8]; and (ii) the observa-
tion that a large number of autoantibodies is
involved in malaria-induced auto-immunity
[54-60].

Weinbaum er al. [13] have obtained results
consistent with the possibility that the response
by normal spleen cells to malaria extracts rep-
resents primary in-vitro sensitization, as this
response exhibited delayed kinetics and re-
duced magnitude compared with the response
by immune cells. The intense activity of the
reticuloendothelial system during malarial in-
fection [4] may result from stimulation by
highly potent antigens from the parasite. This
high potency of antigenic materials from plas-
modia may be responsible for the response of
cord blood lymphocytes, as evidence (i) against
a functional immaturity, and (ii) for a lack of
adequate triggering surface receptors on cord B
lymphocytes, has been presented [61]. Also,
the human foetus is able to respond immu-
nologically to intrauterine infections [62-65].
While auto-antibodies directed against a num-
ber of auto-antigens have been described in
malaria, Daniel-Ribeiro er al. [23] have found
an abnormal frequency of only anti-nuclear
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antibodies (and not of 13 other auto-antibodies)
in sera of 173 individuals living in a malaria-
endemic region in Upper Volta. This selective
increase in the frequency of one auto-antibody
cannot result from a non-specific polyclonal
mitogenic activation [23]. However, Phanu-
phak et al. [66] reported results associating
acute malarial infection with high incidence of
auto-antibodies to both nuclear and smooth
muscle antigens. Another factor that may oper-
ate in the pathogenesis of auto-immunity could
be repeated stimulation of the reticuloendo-
thelial system with parasite antigens cross-
reactive with normal tissue antigens [67].
Although there is evidence to show that only
a fraction (6-11%) of the high serum immuno-
globulin levels in malaria is specific malaria
antibody [4], there seems to be no report indi-
cating what proportion of the total immuno-
globulin produced in response to malarial infec-
tion this fraction represents [68]. The results of
Troye-Blomberg et al. [22] show that classical
mitogens La and PWM induce proliferative re-
sponses in lymphocytes obtained from malaria-
infected and uninfected individuals from
Sweden — a malaria non-endemic area. Their
observation [12] that P. falciparum extracts in-
duced significant stimulation of DNA synthesis
in patients’ lymphocytes but not in those from
the same group of healthy controls (as those
studied with La and PWM) argues against a
mitogenic nature for the active factor in malaria
parasite extracts. Also, lymphocytes from
patients with acute P. vivax or P. ovale malaria
did not respond to stimulation with the same P.
falciparum extract. The delayed proliferative
responses (days 5-6) of lymphocytes from
patients and healthy controls, obtained by
Troye-Blomberg et al. [12] with Plasmodium
extracts, were not significantly different from
those obtained with control red blood cell ex-
tracts. This suggests that their parasite prepara-
tions do not contain mitogenic substances
except if normal human erythrocytes elaborate
mitogenic factors as they have suggested.

References

1. Abele DC, Tobie JE, Hill GJ, Contacos PG,
Evans CB. Alterations in scrum protecins and
19S antibody production during the course of in-
duced malaria infections in man. Am J Trop
Med Hyg 1965;14:191-7.



w

16.

17.

Mitogenic factors in malaria — a review

Turner MW, Voller A. Studics on immuno-
globulins of Nigerians. 1. The immunoglobulin
level of a Nigerian population. J Trop Med Hyg
1966;69:99-103.

Rowe DS, McGregor A, Smith SJ, Hall P, Wil-
liams K. Plasma immunoglobulin concentrations
in a West African (Gambian) community and in
a group of healthy British adults. Clin Exp Im-
munol 1968:3:63-79.

Curtain CC, Kidson C, Champness DL, Gor-
man JG. Malaria antibody content of gammas,-
7S globulin in tropical populations. Nature
1964;203:1366-7.

Greenwood BM, Oduloju AJ, Platts-Mills
TAE. Partial characterization of a malaria mito-
gen. Trans R Soc Trop Med Hyg 1979;73:
178-82.

Greenwood BM. Possible role of a B-cell mito-
gen in hypergammaglobulinaemia in malaria
and trypanosomiasis. Lancet 1974;i:435-6.
Wyler DJ. B-cell mitogen in hypergamma-
globulinacmia in malaria and trypanosomiasis.
Lancet 1974:i:742.

Wyler DJ, Oppenheim JJ. Lymphocyte trans-
formation in human Plasmodium falciparum
malaria. J Immunol 1974;113:449-54.
Greenwood BM, Vick RM. Evidence for a
malaria mitogen in human malaria. Nature
1975;257:592-4.

Wyler DJ, Brown J. Malaria antigen-specific
T-cell responsiveness during infection  with
Plasmodium falciparum. Clin Exp Immunol
1977,29:401-7.

Wyler DJ, Herrod HG, Weinbaum FI. Re-
sponse of sensitized and unsensitized human
lymphocyte subpopulations to  Plasmodium
falciparum antigens. Infect Immun 1979;24:
106-10.

Troye-Blomberg M, Perlmann H, Patarroyo
ME, Perlmann P. Regulation of the immune re-
sponse in Plasmodium falciparum malaria. 11.
Antigen specific proliferative responscs in vitro.
Clin Exp Immunol 1983:53:345-53.
Weinbaum FI, Evans CB, Tigelaar RE. An in
vitro assay for T-cell immunity to malaria in
mice. J Immunol 1976;116:1280-3.

Freeman RR, Parish CR. Polyclonal B-cell acti-
vation during rodent malarial infections. Clin
Exp Immunol 1978;32:41-5.

Oyeyinka GO. A malaria ‘mitogen’-induced de-
pressed immune response to meningococcal
polysaccharide vaccine in BALB/c mice. Im-
munol Lett 1982;5:301-3.

Oyeyinka GO, Hassan-King M, Fakunle YM.
Induction of hypergammaglobulinacmia in
BALB/c mice using a rodent malaria mitogen.
West Afr J Med 1984:3:207-14.

Krettli AU, Nussenzweig R. Depletion of T and

20).

21;

22.

24.

29:

30.

31.

205

B lymphocytes during acute malaria infection.
Cell Immunol 1974;13:440-6.

Wyler DIJ. Peripheral lymphocyte sub-popu-
lations in human falciparum malaria. Clin Exp
Immunol 1976;23:471-6.

Greenwood BM, Oduloju AJ, Stratton D. Lym-
phocyte changes in acute malaria. Trans R Soc
Trop Med Hyg 1977:71:408-10.

Greenwood BM, Bradley-Moore AM, Palit A,
Bryceson ADM. Immunosuppression in chil-
dren with malaria. Lancet 1972;i:169-72.
Moore DL, Heyworth B, Brown J. PHA in-
duced lymphocyte transformation in leucocyte
cultures from malarious, malnourished and con-
trol Gambian children. Clin Exp Immunol
1974;17:647-56.

Troye-Blomberg M, Sjololm PE, Perlmann H,
Patarroyo ME, Perlmann P. Regulation of the
immune response in Plasmodium  falciparum
malaria. I. Non-specific proliferative responses
in vitro and characterization of lymphocytes.
Clin Exp Immunol 1983;53:335-44.
Danicl-Ribeiro C, Druilhe P, Monjour L, Hom-
berg J. Gentilini M. Specificity of auto-
antibodies in malaria and the role of polyclonal
activation. Trans R Soc Trop Med Hyg
1983;77:185-8.

McGregor 1A, Barr M. Antibody response to
tetanus toxoid inoculation in malarious and non-
malarious Gambian children. Trans R Soc Trop
Med Hyg 1962:56:364-7.

Salaman M, Wedderburn N, Bruce-Chwatt
LJ. The immunodepressive cffect of a murine
Plasmodium and its anteraction with murnine
oncogenic viruses. J Gen Microbiol 1969:59:
383-91.

Steward MW, Voller A. The eflect of malaria on
the relative affinity of mouse antiprotein anti-
body. Br J Exp Pathol 1973:54:198-202.
McBride JS, Micklem, HS. Immunosuppression
in murine malaria. 1. The primary response to
bovine scrum albumin. Immunology 1977:
33:253-9.

Williamson WA, Greenwood BM. Impairment
of the immune response to vaccination after
acute malaria. Lancet 1978;i:1328-9.
Greenwood BM, Playfair JHL, Torrigiani G.
Immunosuppression  in murine malaria. 1.
General characteristics. Clin Exp Immunol
1971:8:467-78.

McBride JS, Micklem HS. Immunodcepression
of thymus-independent response to dextran in
mouse malaria. Clin Exp Immunol 1981;44:
74-81.

Tanabe K, Waki S, Takada S, Suzuki M. Plas-
modium berghei: Suppressed response  of
antibody-forming cells in infected mice. Exp
Parasitol 1977;43:143-52.



200

w
(]

w
w

40.

41.

43.

44.

45.

46.

G. O.

Wyler DJ, Gallin JI. Spleen-derived mono-
nuclear cell  chemotactic  factor in - malaria
infections: a possible mechanism for splenic
macrophage accumulation. J Immunol 1977:118:
478-84.

Greenwood BM, Brown JC, Dejesus DG, Hol-
borow, EJ. Immunosuppression in  murine
malaria. 1. The effect on reticuloendothelial
and germinal centre function. Clin Exp Im-
munol 1971:9:345-54.

Wyler DJ, Oppenheim JJ. Koontz LC. Inllu-
ence of malaria infection on the claboration of
soluble mediators by adherent mononuclear
cells. Infect Immun 1979:24:151-9.

Loose LD, Cook JA, Diluzio NR. Malaria im-
munosuppression — a macrophage mediated de-
fect. Proc Helm Soc Wash 1972:39:484-91.
Warren HS. Weidanz WP. Malarial immuno-
depression in vitro: adherent spleen cells are
functionally defective as accessory cells in the re-
sponse to horse erythrocytes. Eur J Immunol
1976:6:816-9.

Brown IN, Watson SR, Sljivic VS. Antibody re-
sponse in vitro of spleen cells from Plasmodium
voelii-infected mice. Infect Immun 1977;16:456—
60.

Lee KC. Schiozawa C. Shaw A, Dicner E. Re-
quirement for accessory cells in the antibody re-
sponse to T cell independent antigens i vitro.
Eur J Immunol 1976:6:63-8.

Diamantstein T, Keppler W, Blitstein-Willinger
E. Ben-Efraim S. Suppression of the primary
mmmune response i vivo to sheep red blood
cells by B-cell mitogens. Immunology 1976:30:
401-7.

Nakashima I, Nagase F. Yokochi T, Kojima T,
Ohta M. Kato N. Comparative studics on the
actions of antigen and polyclonal B-cell activator
in differentiation and proliferation of B cells and
B memory cells. Immunology 1976:31:649-58.
Gabriclsen AA, Jensen JB. Mitogenic activity
of extracts from continuous cultures of Plas-
modium  falciparum. Am J Trop Mecd Hyg
1982;31:441-8.

Golenser J, Shmuel Z, Spira DT. Aspects of im-
munosuppression during  Plasmodium  berghei
infection in rats. Trop Geogr Med 1981;33:
347-54.

David-West, AS. Relapse after withdrawal of
proguanil in Tropical Splenomegaly Syndrome.
Br Med J 1974;3:499-501.

Zicgler JL. Cryoglobulinacmia in tropical
splenomegaly syndrome. Clin Exp Immunol
1973;15:65-78.

Bryceson ADM, Fleming AF, Edington GM.
Splenomegaly in northern Nigeria. Acta Trop
1976;33:185-214.

Fakunle YM, Onycwotu II, Greenwood BM,

Oyeyimka

47.

49.

50.

2=

N
v

'h
4

i
N

60.

Mohammed 1, Holborow EJ. Cryoglobulin-
acmia and carculating immunc complexes in
tropical splenomegaly syndrome. Clin Exp Im-
munol 1978:31:55-8.

Fakunle YM. Climcal and immunological
aspects of the tropical splenomegaly syndrome
MD thesis, University of Ibadan, Nigena, 1978
Oycyinka GO, Fakunle YM. Failure to induce
splenomegaly in BALB/c mice using rodent
malaria culture supernatants. Immunol Leu
1983;7:7-9.

MacDermott RP. Wells RA, Zolyonu S er al.
Examination of peripheral blood mononuclear
cells and sera from Than adults naturally infected
with malaria in assays of blastogenic responsive-
ness to mitogenic lectin and allogeneic cell sur-
face antigen. Infect Immun 1980:30-781-5
Scientific Working Group. Scientific working
group on the immunology of malaria. In: Report
of the steering committees of the scientific work-
ing groups on malana. Junc 1980-Junc 1983 —
UNDP/World Bank/WHO Special Programme
for Rescarch and Training in Tropical Discases.
TDR/MAL/SC-SWG (80-83)/83 1983:3:58-83
Rosenberg YJ. Autoimmune and polyclonal B-
cell responses during murine malaria. Nature
1978:274:170-2.

Bird AG. Hammarstrom L, Smith CIE. Britton
S. Polyclonal human T lymphocyte activation re-
sults in the sccondary functional activation of
the human B lymphocyte. Clin Exp Immunol
1981:43:165-73.

Williamson AR. Askonas BA. Senescence of
an antibody-forming cell clone. Nature 1972
238:337-9.

Houba V. Allison AC. M-antglobulins
(rheumatoid-factor-like globulins) and other
gammaglobulins in relation to tropical parasitic
infections. Lancet 1966:1:848-52.

Greenwood BM. Herrick EM, Holborow EJ.
Speckled antinuclear factor in African sera. Clin
Exp Immunol 1970:7:75-83.

Greenwood BM, Muller AS. Valkenburg HA.
Rheumatoid factor in Nigeria sera. Clin Exp Im-
munol 1971:8:161-73.

Voller A, O'Neill P, Humphrey D. Serological
indices in Tanzania. 11. Antinuclear factor and
malarial indices in populations living at different
altitudes. J Trop Med Hyg 1972;75:136-9.
Poels LG, Vannickerk CC. Jerusalem C.
Glomerulopathy in mice infected with Plas-
modium berghei. Induction of an autoimmune
process. Isracl J Med Sci 1978;14:651-4.
Quakyi IA, Voller A, Hall AP, Johnson GD,
Holborow EJ, Moody AH. Immunological
abnormalitics in Caucasians with malaria. Im-
munol Lett 1979;1:153-4.

Pocels LG, Vannickerk CC, Vandersterren-Reti




Muogenie factors in

V. Jerusalem C. Plasmodium berghei: T cell de-
pendent autoimmunity. Exp Parasitol 1980
49:97-105.

Unander AM. Hammarstrom L, Smith CIE.
Functional maturity of cord blood B lympho-
cytes: Staphylococcus aureus Cowan 1 induces
IgG sceretion in the human neonate. Clin Exp
Immunol 1983:53:703-8.

VanFurth R, Schuit HRE, Hijmans W. The im-
munological development of the human fetus. J
Exp Med 1965:122:1173.

Stichm ER. Ammann AJ, Cherry JD. Elevated
cord macroglobulins in the diagnosis of intra-
uterine infections. N Engl J Med 1966:275:
971-7.
Alford CA, Schacler I,

Blankenship W,

malaria — a review 207

66.

67.

68.

Straumfljord JV. Cassady G. A correlative im-
munologic, microbiologic and clinical approach
to the diagnosis of acute and chronic infections
in newborn infants. N Engl J Med 1967:277:
437-49.

Hayward AR, Lydyard PM. B cell function in
the newborn. Pediatrics 1979:64:suppl:758-64.
Phanuphak P, Tirawatnpong S, Hanvanich M et
al. Autoantibodics in falciparum malaria: a
scquential study in 183 Thai patients. Clin Exp
Immunol 1983:53:627-33.

Rowley D, Jenkin CR. Antigenic cross reactions
between host and parasite as a possible cause of
pathogenicity. Nature 1972;193:151-4.
Oyceyinka GO. Malaria — mitogens or super
antigens? Nature 1986:319:543—4.

(Accepted 22 June 1987)





