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INTRODUCTION

The pathophysiology of malaria is complex
with pathologic changes occurring in almost
all systems of the body. The mechanisms
involved include: (i) direct cell damage. (ii)
nonspecific inflammatory processes; (iii) im-
munological responses.

This paper is a review of the changes in
various systems occurring during acute
infection of malaria with an attempt to
identify the mechanisms of those changes.

Direct cell damage

The only definite evidence of direct host
cell damage by malaria parasite is the intra-
vascular rupture of erythrocytes infected with
nature schizonts.

The phagocytosis of malaria infected
erythrocytes is not just an increase in the
usual nonspecific activity of macrophages
but is due to highly specific opsonization
process. (Taliaferro and Mulligan, 1937;
Coggeshall, 1937; Brown et al., 1970).

Spur shape distortion and multiple knob
protrusion were observed on the membrane
of erythrocytes infected with P. falciparum
and it is proposed that these changes are
associated with the obstruction of cerebral
capillaries and adhesion to venous endothe-
lium. (Luse and Miller, 1971; Miller, 1972).
The mechanism involved is not yet clear.

Miller etal., (1972) reported that erythrocy-
tes infected with P. coatneyi become less
deformable with increased viscosity and
were prevented from rouleaux in plasma
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suspension. They proposed that red cells
infected by P. falciparum in man also have
decreased deformability accounting for cere-
bral capillary trappingof parasitized erythrocy-
tes. The concept that rigidity of parasitized
erythrocytes might be due to ATP depletion
could not be verified in the studies in P.
berghei and P. falciparum malaria (Areekul,
1974; 1975).

Brown (1933) demonstrated a reduction in
electrical charge on the surface of both
parasitized and non parasitized erythrocytes
in bird malaria and Conrad (1969) postulated
that hemolysis of infected erythrocytes is
caused by loss of negative charge from the
surface of erythocytes because the parasite
usurps essential metabolic formation of
the infected erythrocytes.

Nonspecific inflammatory processes

Maegraith (1974, 1977) suggested that
malaria is produced by a chain reaction of
nonspecific inflammatory processes initiated
by the parasites. One of the links between the
parasites and the host seems to be the soluble
cytotoxic factor or factors capable of inhi-
biting mitochondrial phosphorylation. In
the latter stages, pharmacologically active
substances including kallikrein, kinin and
histamine are set free to exert their effects
on small blood vessels. The sympathetic
nervous system becomes hyperstimulated
affecting the circulation of blood in many
organs including liver, kidneys and the intes-
tines. Blood coagulation and complement
systems are activated. A physiological chain
reaction is thus set up leading to local and
general disturbances that are at first reversible
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and with time, become irreversible.

Increased vascular permeability occurs in
acute primate malaria (Maegraith, 1948,
Migasena and Maegraith 1965; Desowitz
and Pavanand, 1967) and this is attributed
partly to the increase in kallkrein, kinin and
histamine in the circulation (Onabanjo and
Maegraith, 1970, 1971; Maegraith and Ona-
banjo, 1970; Srichaikul et al., 1976).

Information regarding blood volume
changes in malaria appears to be contradic-
tary. Feldman and Murphy (1944) reported
a 50 percent reduction in total blood volume
in a case of induced P. falciparum malaria.
Monkeys with severe infections of P. coatneyi
developed hypovolaemia and hypotension
and this was attributed to increased vascular
permeability (Miller et al., 1968). Sitprija
(1967, 1971) reported that in falciparum
malaria patients with renal failure, the
blood volume was found to be within normal
limits. On the other hand Malloy et al., (1967)
reported an expanded blood volume due to
a marked increase in plasma volume in acute
P. falciparum malaria.

It has recently been found that this dis-
crepancy is due to the difference in stages of
blood volume determination. In induced
P. falciparum malaria, there was initially
hypovolaemia, followed by hypervolaemia
and normovolaemia (Chongsuphajaisiddhi
etal., 1971). Sitprija et al., (1977) also found
that the blood volume in selected P. falciparum
malaria patients who had not previously
received intravenous fluid, was decreased
on admission, then rose following hydration
on the 3rd day and finally returned to normal
on the 7th-9th day. The hypovolaemia is
attributed to increased sensible loss and
sweating from pyrexia, decreased fluid intake
and increased vascular permeability.

It has been shown that during acute malaria
the autonomic nervous system became
hyperactive, leading to vasoconstriction and
sometimes vasodilatation in various organs.
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By portal angiography, constriction of
portal venous tree of P. knowlesi infected
monkeys has been shown. The constriction
could be relieved immediately by the admi-
nistration of phenoxybenzamine, an alpha
adrenergic blocking agent (Skirrow et al.,
1964).

By heated-thermocouple technique, it has
been found that there was a reduction in
liver blood flow in the animals with slight
anaemia in “early shock” and “prolonged
shock™ infections. In very anaemic animals
of “lytic infection”, the liver blood flow was
increased despite the portal vasoconstriction,
However by portal angiography the livers in
the latter cases were poorly perfused due to
the opening of the vascular shunts. (Chongsu-
phajaisiddhi, 1966).

Acute renal failure is a severe manifesta-
tions of P. falciparum malaria. Maegraith
(1948) proposed that the phenomenon is
caused by the development of corticalischemia
and reduction in glomerular blood flow, and
consequently in glomerular filtration.

It was later demonstrated by renal angio-
graphy that there was also constriction of the
renal arteries and arterioles, especially in the
cortical area, during the last 48 hours of
P. knowlesi infection. The vasoconstriction
within the kidney could be relieved by pheno-
xybenzamine (Chongsuphajaisiddhi, 1966).

These findings were later confirmed in
P. falciparum malaria by renal function
studies (Sitprija et al., 1967; 1971), selective
renal angiograhy (Arthachinta et al., 1974)
and by radio active Xenon (Sitprija, et al.,
1977).

The absorption of 14C-tagged amino
butyric acid and D-xylose was greatly
reduced in P. knowlesiinfection and phenoxy-
benzamine restored the absorption curve
toward normal (Migasena and Maegraith,
1969; 1970a, b).
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In P. falciparum malaria, it was found that
absorption of D-xylose and Vitamin B,, was
decreased. There were low serum carotene
levels in the acute phase; which returned
toward normal during the convalescent
period (Karney and Tong, 1972). These
changes were attributed to reduced blood
flow to the intestinal mucosa due to vasocon-
striction.

Increase in blood viscosity was observed
in the acute phase of P. falciparum malaria
(Reid and Nkrumah, 1972; Srichaikul et al.,
1975; Sitprija et al., 1977). Maegraith (1948)
considered it to be due to fluid loss through
functionally damaged capillaries. This was
later attributed to the increase in plasma
fibrinogen (Sitprija et al., 1977). Increased
blood viscosity has also been associated with
decreased deformability of parasitized red
blood cell in experimental malaria (Miller
et al., 1972).

Devakul et al.,(1966)found that in severely
ill P. falciparum malaria patients fibrinogen
was removed rapidly from the circulation.
They suggested that this finding might indicate
widely disseminated intravascular coagula-
tion. Dennis et al., (1967)found adecrease in
several coagulation factors and decreased
plasminogen activation with an accumulation
of fibrin degradation products (FDP) in
P. falciparum malaria and suggested that
heparin might be of some value in treatment.
The increase in FDP, the degree of throm-
bocytopenia and the changes in coagulation
factors were related with the severity of the
disease (Reid and Nkrumah, 1972; Jaroon-
vesama, 1972; Sucharit et al., 1975; Jaroon-
vesama et al., 1975). Heparin has been sugges-
ted be included in the treatment of severe
P. falciparum malaria (Smithkamp and
Wolthuis, 1971; Punyagupta et al., 1974).
However, thrombocytopenia in uncomplicat-
ed P. falciparum malaria may be the result
of splenic pooling of platelets (Skudowitz
et al., 1973).
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Intravascular coagulation is considered to
be a secondary phenomenon resulting from
slow flow in the microcirculation rather than
the cause of pathogenic processes in P.

Jalciparum malaria (Jaroonvesama et al.,

1975; Sitprija et al., 1977).

Serum from P. knowlesi and P. berghei
infected animals has been shown to contain
factors capable of inhibiting mitochondrial
respiration (Thurnham et al., 1971 a, b, ¢).
The factors could be resolved into several
components by ultrafiltration and had been
found to be small molecules with molecular
weight less than 1000.

Immunological responses

Evidence of complement activation has been
shown in P. faliciparum malaria in children
(Greenwood and Brueton, 1974) and adults
(Srichaikul et al., 1975). Both classical and
alternate pathways of complement activation
were involved (Petchlai et al., 1977). It has
been suggested that complement activation
as a result of the formation of immune com-
plexes may play a part in activation the com-
plicated series of changes leading to certain
serious clinical complications (Greenwood
and Brueton, 1975; Srichaikul et al., 1976).

It is generally accepted that in malaria both
parasitized and non-parasitized erythrocytes
are destroyed (Maegraith, 1948). It has been
shown that the destruction of erythrocytes
in monkeys infected with either P. coatneyi or
P. knowlesi occurred mainly extravascularly,
in the reticulo-endothelial system (Areekul
etal., 1972a,b).

Zuckerman (1964) suggested that an autoim-
mune hemolysis or opsonization of non-
infected erythrocytes occurs in malaria.
However it is difficult to demonstrate the
presence of anti-erythrocyte antibodies in
the plasma of malaria infected people (Voller,
1974). Rosenberg et al., (1973) pointed out
that Coomb’s test was rarely positive in
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malaria because Coomb’s antibody was
detecting IgG and not IgM. They have
shown that IgM class anti-erythrocyte anti-
bodies occurs in P. falciparum malaria and
can be detected by immunofluorescence
technique.

Recently, Woodruff et al., (1979) showed
after complete eradication of malaria parasites
that erythrocyte life-span is reduced by 4-5
weeks and that the reduction is associated
with the presence of complement containing
immune complexes on the erythrocyte
surface.

Osmotic fragility of both parasitized and
non parasitized erythrocytes is increased,
possibly as a result of sensitization of erythro-
cytes with antibody (Fogel et al., 1966).

Hemolysis of non parasitized erythrocyte
in P. falciparum malaria was observed to be
associated with alteration of erythrocyte
solutes, an increase in red blood cell sodium
and decrease in potassium (Varavithya and
Chongsuphajaisiddhi, 1972). The mechanism
of such change is not known yet.

Spleen

During malaria infection, splenomegaly
develops rapidly and the spleen volume
regress rapidly during latency as immunity
develops (Voller, 1974). Stimulation with
Plasmodium leads to splenomegaly, which is
largely associated with lymphoidmacrophage
hyperplasia (Brown, 1969). Both parasitized
and nonparasitized red blood cells are phago-
cytosed in the spleen (Maegraith, 1948).

The Tropical Splenomegaly Syndrome
(TSS) is a disease associated with chronic
malaria. It has been reported from areas of
East and West Africa, India and New Guinea
(Pitney, 1968). It is characterized by extensive
chronic splenomegaly with intense lympho-
reticular proliferation in the spleen and liver
sinusoids and high serum levels of IgM
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malarial antibodies anemia and reduced

survival times of circulating erythrocytes
(Zuckerman, 1977).

Ziegler et al., (1973) suggested that a con-
genital predisposition of certain individuals
to the overproduction of IgM on repeated
exposure to malaria antigen may be involved
in TSS.

Kidney

Hendrickse and Gilles (1963) suggested
that nephrotic syndrome associated with
P. malariae infection might be due to glome-
rular damage caused by deposition of circu-
lating immune complexes. This hypothesis
was later supported by a series of other
studies (Dixon, 1966; Ward and Conran,
1969; Allison et al., 1969; Houba et al., 1971;
Hendrickse, et al., 1972).

Berger et al., (1967), reported 3 cases of
nephrotic syndrome secondary to acute glom-
erulonephtitis during P. falciparum malaria
and Hartenbower et al, (1972) reported
renal failure due to acute glomerulonephritis
in a case of P. falciparum malaria.

Bhamarapravati et al., (1973) studied
kindney tissue of ten cases of P. falciparum
malaria with varying degrees of urinary
abnormalities, including the presence of al-
bumin or red blood cells. Immunoglobulins
and complement were localized in the base-
ment membrane and in the mesangium.
Malarial antigen was also detected. It was
concluded that immune complex nephritis
may occur in acute P. falciparum malaria and
the immune complex is cleared from the
glomeruli relatively fast and the injury is thus
reversible in falciparum malaria.

Futrakul er al, (1974) reported acute
glomerulonephritis, manifested by transient
hypertension, microscopic hematuria and
slight proteinuria complicating P. falciparum
malaria in a 3%-year-old boy. Renal biopsy
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showed entargement of renal glomeruli with
proliferation of the mesangials areas and
endothelial proliforation in some glomemlar
capillary tuffs.

Brain

Wright (1968) described cerebral malaria
in golden hamsters infected with P. berghei.
These animals became comatose and died at
a time when the parasitaemia was low and
before severe anaemia developed. The cere-
bral lesions seen in these animal resembled
the ring haemorrhages found in humans who
died of cerebral malaria. Acute deaths
could be prevented in hamsters by neonatal
thymectomy ( Wright, 1968), or the adminis-
tration of antithymocyte surum(Wright et al.,
1971). Using electron microscopy, Rest and
Wright (1979) showed that in hamster cerebral
malaria, hemorrhages occurred following ves-
sels nacrosis, without concurrent thrombosis
nor packing of capillaries with parasitized
erythrocytes. Small vessels contained nu-
merous monocytes which had phagocytosed
erythrocytes. Irregular dense deposits were
present in the basement membrane of some
animals 14 days after infection. They pro-
posed a hypothesis that the pathogenesis of
cerebral lesion in hamsters infected with P.
berghei and probably of cerebral malaria in
man relates to immune complex formation.

Based on the examination of the clinical
and pathological features of 19 fatal cases of
cerebral malaria in Colombia and from the
review of the available epidemiologic and
experimental evidence, Toro and Roman
(1978) consider cerebral malaria as a form
of disseminated vasculomyelinopathy. This
term, proposed by Poser in 1969, includes the
different clinical and pathologic forms of
hyperallergic reaction of the nervous system
to various infections and vaccinations and
to other exogeneous or endogenous antigenic
stimuli. The sequence of events following
this nueroallergic reactions are damage of
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the vascular endothelium with subsequent
ischemia, perivascular edema, inflammation,
perivascular hemorrhage, and myelinoclasia
with reactive gliosis.

Lungs

Acuts pulmonary edema in malaria usually
occurs in the later stage of severe infection.
In certain cases, evidence suggested that
the condition was primarily in the lung not
secondary to heart failure (Brooks et al.,
1968; Deaton, 1970; Punyagupta et al.,
1974, Marks et al., 1977; Leelarasamee
et al., 1978). Inthese cases immune complex
formation might be one important factor in
the pathogenesis of the condition.

SUMMARY

The pathophysiology of malaria infection
is presented from animal studies and the
various manifestations occurring in human
cases.

Maegraith (1974) proposed the concept of
a chain reaction of physiological processes
that leads to the disease following malarial
infection.

It may be seen that the malaria parasites
first damage the infected red blood cells
directly and then initiate a chain reaction of
nonspecific inflammatory processes and later
on immunological responses aggravating
further the inflammatory reactions. Because
of the interdependence in nature of these
changes as suggested by Maegraith in 1977
it is usually difficult to clearly identify these
three mechanisms.
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