
Factors Contributing to the Development 

of Cerebral Malaria * 


Cerebral malaria is one of the most 
:serious manifestations of Plasmo
dium [alciparum infection and 
causes a high mortality rate. Among 
American servicemen in Vietnam 
cerebral involvement occurred in 
cases of falciparum malaria in only 
1.6 per cent;1 but in Thailand,2 se
ven per cent of all hospitalised cases 
of falciparum malaria show cere
bral involvement. At present, the 
important factors contributing to 
the development of cerebral ma
laria are not precisely known. 
Several factors could be respon
sible: for the sake of convenience, 
these could be divided into two 
groups as follows: 

1. Non-immunological factors. 
1.1 Plugging 0 f cerebral 

blood vessels by parasitised cells. 
1.2 Endotoxin. 

2. Immunological factors. 
2.1 Reduced humoral or cell

mediated immune responses. 
2.2 Immune complexes. 
2.3 Defects in non-specific 

immunity. 

1. Non-immunological factors 
1.1 Plugging of cerebral vessels 

by parasitised red blood cells 

It has been commonly observed 
in autopsied cases that cerebral 
malaria patients had plugging of 
cerebral blood vessels by heavily pa
rasitised red blood cells, vascular 
congestion, cerebral oedema, pete
chial haemorrhages and reactive 
gliosis glVlng rise to malarial 

s(Durck) granuloma.3 - These au

topsy findings may not represent 
entirely the actual pathological 
changes that would occur in living 
patients. Cerebral oedema, for ex
ample, was shown by Toro et als 

to be present in 86 per cent of 19 
autopsied cases, but in only two 
out of 10 patients studied by com
puterised tomography.6 Plugging of 
cerebral blood vessels by parasitised 
cells has been reported invariably to 
be present in all of four cerebral 
malaria cases in the Gold Coast of 
Africa,' but in only four of 19 pa
tients in Colombia.s Recent obser
vation by D.A. Warrell, Faculty 
of Tropical Medicine, Bangkok, 
showed that among 4S fatal cases 
of cerebral malaria, all but one had 
infected erythrocytes in the cere
bral vessels (personal communica
tion). Studies in Macaca mulatta 
using P. knowlesi showed that 
obstruction of the cerebral blood 
flow occurred before the "plug
ging" of cerebral blood vessels,S 
which could be interpreted as sug
gesting that the plugging may not 
have been the primary cause of 
cerebral ischaemia. Nevertheless, 
plugging could contribute seconda
rily to greater cerebral damage. 
Vascular plugging by parasitised 
cells is most probably associated 
with some properties unique to 
parasitised erythrocytes thus enables 
them to bind to endothelial cells. 9 

If plugging is an important factor 
contributing to the development of 
cerebral malaria, one should find 
differences among the isolates from 

patients with cerebral malaria (CM) 
and those with non-cerebral (NCM) 
malaria. Isolates from CM pa
tients should bind more strongly 
to endothelial cells than those from 
NCM patients. Alternatively, NCM 
patients should have antibodies in 
their plasma to revert the binding 
of infected erythrocytes to en
dothelial cells; whereas CM patients 
do not have such antibodies. 

1.2 Endotoxin 
The possible role of endotoxin in 

the manifestation of severe malaria 
was suggested by Clark10 who de
monstrated that mice infected by 
P. vinckei and P. berghei were more 
susceptible to endotoxin, the lethal 
dose of which decreased several 
fold. Endotoxin has been demons
trated by Limulus amoebocyte ly
sate (LALn in the plasma of mice in
fected with P. berghei and in the 
plasma of patients with falciparum 
malaria.ll If endotoxin plays a role 
in the development of cerebral ma
laria, it should be possible to pre
dict that significantly larger num
bers of CM patients would be 
LALT-positive compared with NCM 
patients. In fact, this turns out to 
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be the case. In our recent study, 12 
It was shown that on the day of ad
mission, 67 per cent of 15 CM pa
tients were LAL T-positive, whereas 
only 21.4 per cent of NCM patients 
were positive. A follow-up study 
on cerebral malaria patients showed 
some variation in the LALT-posi
tive rate from day to day with 86 
per cent being positive on day 1 
and 53.3 on day 3; all were nega
tive on the day of discharge. 
Among the NCM cases, four out of 
~ight patients with parasitaemia of 
over 90,000/mm3 were LALT
positive whereas only two out of 
20 patients with parasitaemia of 
less than 90,000/mm3 were posi
tive. All 30 controls were negative. 
It is not known from where the en
dotoxin in the plasma of. the LALT
positive patients was derived. It 
could have come from the gut or 
from the parasites themselves, but 
not from the complicating Gram
negative bacteraemia. Our findings 
that endotoxaemia occurred in both 
CM and NCM cases with high 
parasitaemia and that endotoxae
mia was not demonstrated in all 
CM cases suggest that endotoxin 
does not playa central role in the 
pathogenesis of cerebral malaria. 
The question is whether endotoxin 
has any auxiliary role in aggravating 
the symptoms in some CM cases, 
and if so, what is its mode of ac
tion? At present, the mode of 
action of endotoxin is not precisely 
known, but its effects are probably 
mediated by macrophages through 
the activation 'Of their membrane 
receptors leading eventually to the 
release of prostaglandins. I! Among 
the prostaglandins produced, only 
PGG2 and not PGH2 or PGE2 can 
cause damage to the endothelial 
cells of cerebral blood vessels. 14 The 
fact that conversion of PGGz to 
PGH2 causes the release of free 
oxygen radicals IS and superoxide 
dismutase (SOD) reduces the num
ber of PGG2 -mediated lesions14 

suggests that endothelial cell damage 
could be brought about by free 
oxygen radicals. It remains to be 
seen whether endothelial cell da

mage caused by free oxygen radi
cals has any role in the pathogenesis 
of cerebral malaria. 

2. Immunological factors 
2.1 Reduced humoral or cell

mediated immune responses. 

2.1.1 Humoral immune re
sponses. 

2.1.1.1 Blood stages. 
The observation that in Africa, 

cerebral malaria occurs most fre
quently in children of pre-school 
age, suggests that a lack of immu
nity favours its development. 16 In 
contrast with Africa, cerebral ma
laria occurs predominantly in adults 
in Chantaburi, eastern Thailand 
(D.A. Warrell, personal communica
tion). The reason for this dif
ference in the age groups affected 
is of interest and deserves further 
investigation. Our recent study 17 
showed that CM patients had histo
ries of fewer attacks of malaria in 
the previous five years than did 
NCM malaria patients. CM pa
tients, on the whole, did not show 
defective humoral immune res
ponses, since the initial seronega
tive rate and the mean initial 
indirect haemagglutinating (lHA) 
and immunofluorescent antibody 
(IFA) titres were not significantly 
different from those of NCM pa
tients and the mean initial ELISA 
titre was even higher than that of 
the NCM cases. However, when 
CM patients were divided into two 
groups, i.e. complicated a nd un
complicated cases of cerebral mala
ria, the complicated CM group 
showed evidence of having reduced 
humoral immune response, as the 
mean IHA titre was lower and the 
IHA seronegative rate was higher 
than those of the NCM patients and 
the uncomplicated CM group. 
Nevertheless, we do not considered 
that the reduced humoral immune 
response is the sole factor associat
ed with the development of compli
cated malaria, as it was demonstr
able only by IHA and not by the 
ELISA or IFA tests. It is also pos
sible that the humoral immune re
sponse in CM patients may be 

EDITORIAL ~I 
directed against antigens which are 
irrelevant to protective immunity. 
To clarify this point, it would be 
desirable that tests allegedly asso
ciated with protective immunity be 
carried out. There are several can
didates for such tests including 
Cohen's growth inhibition test 18 
which acts by preventing re-inva
sion of infected cells by merozoites, 
radioimmunoprecipitation,19 pre
ven tion of binding of infected red 
blood cells to endothelial cells9 or 
melanoma cells20 and clustering of 
ex tracellular m erozoites. 21 Our 
growth inhibition test results 
showed that CM patients even had 
higher serum growth inhibitory 
activity than that of NCM pa
tients.17 This inhibitory activity 
was not mediated by IgG, and was 
associated with increased serum 
level of alpha-l antichymotryspin?2 
Further investigation should be car
ried out comparing the inhibitory 
action of purified IgG from cerebral 
and non-cerebral malaria cases. 

Radioimmunoprecipitation has 
been used to show that sera from 
people living in a highly endemic 
area of Africa exhibited more pre
cipitating bands and/or more in
tense staining bands against the ex
tract of metabolically labelled schi
zonts than did sera from patients 
experiencing their first malaria 
attack. 19 The molecular weights of 
the schizont-derived peptides which 
reacted with these sera were >200, 
140, 105 and 82 kilodaltons. 19 In 
contrast, Brown et aj2z showed that 
IgG from immune Papua New 
Guinean sera with inhibitory activi
ty against parasite growth reacted 
with the 96-kilodalton schizont an
tigen, whereas sera without growth 
inhibitory activity did not. In Thai
land, it is not known which 
schizont antigenic peptides are 
more likely to be associated with 
protective immunity. Nevertheless, 
when this test was performed on 31 
CM patients, 15 NCM patients and 
eight healthy controls, there were 
only minor differences in the num
ber and intensity of the radioim
munoprecipitating bands with re
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gard to these two groups of .pa
tients, especially in the 135-, 103
and 71-kilodalton bands.24 In gen
eral, our results appear to indicatt; 
that this test is inadequate for dis
tinguishing between CM and NCM 
patients. 

2.1.1.2 Sporozoites 
Because of the non-cyclical 

nature of sporoloites, measurement 
of antibodies against them is con
sidered to be a better indicator for 
the assessment of previous malaria 

~ 	 exposure than is the measurement 
of antibodies against the blood 
stage. Cerebral malaria patients 
were shown to have mean anti
sporozoite antibody titre lower 
than that of NCM patients. 22 This 
finding indicates that CM patients 
had been exposed to malaria less 
frequently than NCM patients and 
thus should be less immune to 
malaria than NCM patients. 

2.1.2 Cell-mediated immune 
response. 

The role of cell-mediated immu-
J 	 nity in CM and NCM patients has 

recently been reported. 26 It was 
shown that most CM patients 
have an impairment of the initial 
delayed cutaneous response to 
phytohaemagglutinin and soluble 
protein antigens, whereas in NCM 
cases this impairment was related 
directly to the degree of parasitae
mia. On the other hand, lympho
cyte proliferative responses to 
lectins in cerebral and non-cerebral 
cases were within the normal range. 
After successful anti-malaria 

.) 	 therapy, rapid restoration of cell
mediated functions ensued. These 
results do not support any evidence 
in favour of a pre-existing cellular 
immune deficiency in relation to 
the development of cerebral mala
ria. l6 

2.2 Immune complexes. 

There has been no direct evid
ence to incriminate immune com
plexes as the factor responsible for 
cerebral malaria. There is, however, 
indirect evidence suggesting that 

.,. 	 their role in the pathogenesis of 
cerebral malaria is as follows: 

2.2.1 Cerebral malaria patients 
had more circulating immune com
plexes as detected by Ciq-binding 
assay than did NCM patients.27 

2.2.2 Raised plasma level of 
C3d and decreased serum level of 
C3 and C4 in CM patients.27 

2.2.3 Cerebral involvement is 
rare in malaria patients with protein 
calorie malnutrition (PCM),28 and 
complement is low in malnourished 
children.29 It could be possible that, 
in PCM patients, the immune com
plexes formed c'ould not bring 
about a cascade reaction in the pre
sence of a low complemel'\t level so 
as to produce the symptoms of 
cerebral malaria. 

In an attempt to demonstrate 
the presence of immune complexes 
in patients who died of cerebral ma
laria, an immunoperoxidase staining 
of brain tissue for IgG, IgM and IgA 
was made, but no positive reaction 
could be demonstrated (M.J. War
rell, Department of Clinical Tropi
cal Medicine and Hospital for Tro
pical Diseases, Faculty of Tropical 
Medicine, personal communica
tion). 

In our study, immune complexes 
were also determined (S. Khusmith, 
Faculty of Tropical Medicine, 
Bangkok, unpublished observation). 
Our results using Ciq-binding assay 
confirmed the findings of Adam26 

that immune complexes were de
monstrated in CM patients more 
frequently than in NCM patients. 
However, it remains to be seen 
whether such complexes have any 
malaria antigen and whether they 
have any role in the pathogenesis 
of cerebral malaria. 

2.3 Defects in non-specific im
munity 

There have been no reports re
garding the study of changes in 
non-specific factors involving host 
defence against malaria in cerebral 
malaria patients. Factors that 
should be studied include the re
sponse of leukocytes to chemotac
tic stimuli, the phagocytic and mic
robicidal functions of peripheral 
blood leukocytes, interferons, 

natural killer cell and K-cell func
tions. 

In conclusion, it appears tha~ 
several factors could be involved 
in the development of cerebral 
malaria, and it is not known 
whether the basis of pathogenic 
mechanism of cerebral malaria in 
different cerebral malaria patients 
are the same or different. There is 
more to be learned from an experi
ment of this nature; a thorough un
derstanding of the pathogenesis of 
cerebral malaria will help in the ma
nagement of this severe form of 
malaria. 

Sa"anat Tharavanij, M.D., Ph.D. 
Department ofMicrobiology and 

Immunology, Faculty of Tropical 
Medicine, Mahidol UniverSity, 

Bangkok. Thailand. 
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