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Nephrotic syndrome of childhood: malaria therapy
reconsidered
In 1952 Gairdnerl and Byrne2 independently
reported that acute infection with malaria could
induce a remission of what was then known as
nephrosis or type-Il nephritis of Ellis.3 Gairdner
was stimulated to investigate this type of treatment
by the long-lasting remissions, amounting to cures,
that occasionally followed measles in the nephrotic
child4, and recently he reported 'a notable case of
nephrosis' illustrating the duration of this effect.5

In his paper in 1952, Gairdner described 4 children
with nephrosis infected with Plasmodium vivax.1
The case reports are interesting: 'On 12 January
1949, malarial mosquitoes were applied.... On 24
January malarial fever began, the temperature
rising to 1020F. Next day diuresis set in and
oedema began to subside rapidly, disappearing
completely by 2 February'. However, albuminuria
persisted, although in another child it cleared
completely. The malarial attacks were terminated by
mepacrine. One ofthe 2 children who did not respond
developed renal failure and was shown at necropsy
to have crescentic nephritis.

Subsequently, Gairdner and Shute collected the
clinical details of the 65 children with nephrosis for
whom the Malarial Reference Laboratory had
supplied infected blood or mosquitoes.6 51 of these
were considered to be cases of 'pure nephrosis', of
whom 14 had a complete remission, although 4 of
them subsequently relapsed and another 4 had
proteinuria at follow-up. There was one death
associated with malaria treatment, and 6 patients
required transfusion.

These trials of malaria therapy were naturally not
controlled, but nevertheless the impression is gained
that in some cases there was a close temporal
relationship between malarial fever and remission
of the nephrotic syndrome. However, these were the
years of excitement after the introduction of corti-
costeroid treatment for the nephrotic syndrome,7
and even alkylating agents were looming on the
horizon8 so that a possible therapeutic effect of
malaria was not pursued. Malaria therapy is con-
sidered in this Annotation in the light of contem-
porary understanding of the immunopathogenesis
of the nephrotic syndrome.

Terminology

The nephrotic syndrome consists of a disturbance of

glomerular permeability resulting in albuminuria,
hypoalbuminaemia, and oedema. Most children
respond to treatment with corticosteroids and have
only slight histological changes in the glomeruli
evident on light microscopical examination. The
condition was called 'lipoid nephrosis' by Munk,9
but the term nephrosis has been attacked by Oliver'0
as etymologically meaningless, and the adjective
lipoid emphasises an aspect of the disease that is of
only secondary importance. Some authors refer to
the condition as the 'idiopathic nephrotic syndrome',
which implies an optimistic assessment of current
understanding of the pathogenesis of other forms of
the nephrotic syndrome. Recently the term 'minimal-
change nephrotic syndrome' has been popular, but
there is a certain illogicality, unfortunately common
in the nosology of renal disease, in the use of a
pathological term to describe a condition essentially
recognised by its clinical features; in many cases a
renal biopsy will not be undertaken, and the histo-
logical appearances will therefore remain a presump-
tion. The expression 'steroid-responsive nephrotic
syndrome' (SRNS) at least has the merit of focusing
on the most important objective characteristic of
the condition, but has the disadvantage of excluding
a few otherwise similar cases which do not respond
to conventional corticosteroid regimens."

Immunological aspects

The pathogenesis of SRNS is not known, but it is
tempting to speculate that immunological mech-
anisms are involved. However, critical laboratory
evidence of immunopathogenesis has not been
forthcoming, and in cases where immunological
abnormalities are observed, it is often difficult to
decide whether they are a secondary effect of the
nephrotic state or an epiphenomenon of the event
that precipitated the relapse rather than an integral
part of the pathogenetic mechanism.

Clinical observations. A number of clinical observa-
tions have suggested an immunopathogenesis of
SRNS. In the first place, relapses are often precipi-
tated by upper respiratory infections. There is an
increased incidence of atopy, particularly infantile
eczema or hay fever, which was reported in 38%
of the nephrotic children compared with 18% of
age-matched controls,'2 and there are some well-
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documented cases in which relapses of the nephrotic
syndrome were associated with atopic features-such
as grass pollen hypersensitivity13' 14, 15 and possibly
milk allergy.16 The condition is more common in
children who have the second series tissue antigen
HLA-B12.'2 The association with HLA-B12 however
is weak, with a relative risk of 6'3, but has been
confirmed by a further study.'7 There appears to be
an increased incidence of minimal-change nephrotic
syndrome in patients with Hodgkin's disease, but
in only 5 of the 35 reported cases has the condition
been demonstrated to respond to corticosteroids
alone.'8

Pathology. About 80% of nephrotic children
referred to specialist centres respond to treatment
with corticosteroids19' 20; of these 93 % have minimal
histological changes of the glomeruli evident on light
microscopical examination and the others have mild
mesangial proliferative lesions or focal glomerulo-
sclerosis, although the histological frontiers of
'minimal-change' are difficult to define. 5% of
children with minimal-change histology do not
respond to treatment with corticosteroids, although
in some of these deep focal sclerotic lesions may have
been missed in superficial biopsies.
Immunofluorescence studies do not show glome-

rular deposition of immunoglobulins or complement
components.21' 22 However, immunofluorescent
methods may not be sufficiently sensitive, and it is
possible experimentally to produce fatal immune
complex glomerulonephritis without detectable
glomerular deposition of immunoglobulin.23 An
early report that IgE could be detected in the
glomeruli of nephrotic patients24 has not been
confirmed in other studies.25 28
The actual site of the filtration barrier in the

glomerulus which excludes proteins of the size of
albumin from the glomerular filtrate is probably the
split-pore diaphragm between the epithelial foot
processes27 which has a complex electron micro-
scopical ultrastructure in which glomerular poly-
anions containing sialic acid residues play an integral
role.28 Electron microscopical examination generally
shows fusion of epithelial foot processes in SRNS,29
but as similar lesions can be induced in dogs by
plasma infusions sufficient to cause proteinuria,30
and as foot-process fusion persists for several
weeks after remission of proteinuria,31 it is con-
sidered that this abnormality is a consequence rather
than the cause of proteinuria. Interestingly, both
the aminonucleoside puromycin32 and polycations33
cause foot-process fusion, and Brenner and co-
workers have speculated that the primary event in
the nephrotic syndrome is a loss of the glomerular
polyanion structure resulting in a diminished

restriction of filtration of circulating polyanions, and
thus albuminuria, as well as a disturbance of the
foot-process structure with fusion.34 In this context,
the report of a 6-fold increase in serum-free poly-
amines in nephrotic children is of interest.35

Immunoglobulins. The plasma concentrations of IgG,
IgA, and IgM are normal in remission, but IgG
and IgA decrease during relapse and IgM rises.36
It has been suggested that IgM levels remain high in
remission,37' 38 but these observations probably
result from allowing insufficient time for the effects
of the previous relapse to wear off. Plasma IgE is
raised in one-quarter of nephrotic children, inde-
pendent of the state of relapse or remission,12. 39. 40
and there are also raised levels of IgE antibody to
Timothy grass pollen and Dermatophagoides pter-
onyssinus.

Complement. Total haemolytic complement is
normal in these patients21' 41 as is plasma C3,42 and
there is no immunoelectrophoretic evidence of C3
conversion in vivo.43 Plasma C4 and Clq levels are
generally found to be normal,36 38 although there
was an earlier report of reduced plasma Clq in some
patients.44 The low plasma factor B concentration
is due to urinary loss,36 and has been considered
responsible for defective opsonisation of Escherichia
coli by nephrotic sera.45 C3b inactivator (KAF) levels
are reduced as well.46 Immunoconglutinin (IK), an
autoantibody to hidden antigenic determinants in
C3 and C4 is detectable in nephrotic sera during
relapse, suggesting complement activation,41 but
Mallick found a less consistent relationship between
IK peaks and relapse in nephrotic patients.38 Smith
and co-workers reported that sera from SRNS
children in relapse inhibited the formation of EAC-
rosettes by normal human tonsillar B-lymphocytes,
suggesting the presence of free or complexed C3b.47
Taken together, the IK and EAC-rosette data suggest
low grade activation of the complement system.

Immune complexes. Recently Levinsky and co-
workers reported the detection ofcirculating immune
complexes in the sera of nephrotic children in relapse
by a technique dependent on the inhibition of
agglutination of IgG-coated latex particles by rabbit
IgM antibody to human IgG.48 Complexes were
detected in relapse and persisted for several weeks
after remission; they were thought not to be an
artefact of nephrotic sera as they were not detectable
in congenital nephrotic patients. The complexes were
of moderate size (molecular weight 2-2' 5x 106
daltons), and interestingly did not bind Clq, suggest-
ing that if there is complement activation, it involves
the alternative pathway. Immune complexes were

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.54.11.825 on 1 N

ovem
ber 1979. D

ow
nloaded from

 

http://adc.bmj.com/


Nephrotic syndrome of childhood: malaria therapy reconsidered 827

not however detected in the sera of minimal-change
nephrotic patients by a Raji cell radioimmunoassay
or by a radiolabelled Clq binding assay,49 but it is
not at all unexpected for the various methods of
immune complex testing to give differing results.

Lymphocytes. The absolute number of circulating
T-lymphocytes, recognised by sheep erythrocyte
rosette formation, is normal in nephrotic patients,
as are the numbers of the subpopulations of T-cells
which bind IgM or IgG, although IgG-binding cells
increase in response to corticosteroids.Y0 Theresponse
of SRNS lymphocytes to phytohaemagglutinin
(PHA) is poor,51 and the response to the T-cell
mitogen concanavallin-A is more depressed than
the response to PHA (S. N. Chapman and G.
Williams, 1979, personal communication). Moorthy
and co-workers demonstrated that nephrotic sera
inhibited 3H-thymidine uptake by normal lympho-
cytes in response to PHA or allogeneic mitomycin-
treated lymphocytes.52 However these lymphocyte
systems are susceptible to nonspecific influences
such as anaesthesia.53 Ooi and co-workers described
lymphocytotoxins in minimal-change nephrotic
sera, but in many other diseases as well.54 Leucocyte
migration inhibition by nephrotic lymphocytes
exposed to a crude antigen from neonatal human
kidney cortex has been demonstrated,55 but
sensitisation to glomerular basement membrane
antigens is generally not detectable.56 Eyres and
co-workers have also reported that lymphocytotoxi-
city for epithelial cells cultured from neonatal
human renal cortex is specifically associated with the
minimal-change nephrotic syndrome.57 However,
lymphocytes are not evident histologically in the
kidneys of nephrotic patients, and therefore it is
difficult to imagine that such observations are
relevant to the pathogenesis of the disorder. Lagrue
and co-workers described lymphokine activity in
the supernatant of nephrotic lymphocyte cultures
which increased vascular permeability on intra-
dermal injection in a guinea-pig, and proteinuria on
injection into the renal artery of a rat. They presented
pharmacological evidence suggesting that the
lymphokine stimulated the kinin system,58' 59, 60
and there is some evidence that the kinin system is
indeed activated in nephrotic patients.61 However,
we62 have not been able to detect the differences in
vascular permeability factor between nephrotic
patients and controls as reported by Lagrue and co-
workers.58, 59' 60 The data so far presented on lympho-
cyte function in the nephrotic syndrome are
intriguing but do not yet present a coherent picture;
Shalhoub's suggestion that the syndrome results
from a disorder of T-cell function remains specula-
tive.63

Treatment

Corticosteroids. Corticosteroid treatment of child-
hood nephrotic syndrome was introduced nearly 30
years ago but has not been established by controlled
trial.7 The Medical Research Council conducted a
trial in adult nephrotic patients, in which it was
noted that there was a trend towards a higher
mortality in the prednisone-treated group compared
with controls; in patients with minimal change
histology the disappearance of proteinuria was more
rapid on treatment, but among the controls the
proteinuria had nevertheless fallen to <1 g/24 h in
more than half the patients 2 years after entry into
the trial.64 The same tendency to natural recovery
was evident in nephrotic children before the advent
of corticosteroids.65 However, the risks of the
nephrotic state are such that it would not be justified
to withhold corticosteroids for any significant length
of time from a nephrotic child, and the effect of
corticosteroid treatment in inducing remission is
obvious enough for a controlled trial not to be now
necessary or appropriate. There is, however, an
appreciable need for controlled trials to evaluate
different methods of administration of cortico-
steroids, and many of the recommendations are
a normal adrenal response in maintaining remis-
logists differ.66

Two-thirds of the responders will relapse. Leisti
and co-workers reported an association between
early relapse and a poor cortisol response to ACTH
after the first course of corticosteroids, and have
demonstrated that 7'5-15 mg daily of prophylactic
cortisol prevents relapse, emphasising the role of
a normal adrenal response in maintaining remis-
sion.67, 68

Immunosuppressives. It is paradoxical that the major
role of immunosuppressive agents in the treatment of
the nephrotic syndrome of childhood is in that
group with the least convincing evidence of immuno-
pathogenesis-that is the corticosteroid-responders
and the minimal change corticosteroid-resistant
patients. Alkylating agents were first used in 19528
and the first report of the use of cyclophosphamide
appeared 16 years ago.69 It is well established that
cyclophosphamide can prevent relapse of the cortico-
steroid-responsive nephrotic syndrome.70' 71 An 8-
week course of cyclophosphamide in a dosage of
3 mg/kg per 24 hours results in about 75% of patients
remaining in remission for one year and 50% for 5
years.72 Results are better in older children, but
children with HLA-B12 do not fare so well.'2' 17
There is no benefit to be gained from longer courses
or higher doses, but shorter courses are less effec-
tive. 73' 74' 75 Cyclophosphamide is an immuno-
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suppressive drug acting principally on B-cells,76 but
there is no rigorous evidence to support the general
assumption that its effect in SRNS is mediated by its
immunosuppressive properties. Chlorambucil in a
dosage rising to 0* 3 mg/kg per 24 hours is as effective
as cyclophosphamide in inducing a sustained
remission.77 Azathioprine is not effective in pre-
venting relapse.78 79

Malaria. In the light of this rather fragmentary
evidence on the pathogenesis of SRNS, how can we
view the possible effect of malaria described by
Gairdner? The first explanation to be considered is
that malarial fever, like measles, stimulates the
pituitary-adrenal axis, and that the remissions are a
consequence of this. However, this is not a very
satisfying explanation: why should some infections
induce remission, while others, particularly viral
upper respiratory infections, characteristically pre-
cipitate a relapse?
The interaction between malaria and the immune

system is complex.80 There are the immunological
consequences or side effects of the acute infection,
for example, the immune-complex deposition
responsible for the nephrotic syndrome in African
children infected with Plasmodium malariae.
However, of greater relevance is the immuno-
suppressive effect of malaria. Children infected with
Plasmodium falciparum have a diminished response
to the 0 antigen of Salmonella typhi, to tetanus
toxoid, and to meningococcal vaccine, but have
normal cellular immune responses.82' 83 The immune
response of BALB/c mice to type-r pneumococcal
polysaccharide is abolished by infection with the
murine Plasmodium yoelii,84 and the antibody
response to sheep red cells is blunted by Plasmodium
bergei infection without detectable effect on cellular
immune responses.85 The mechanism of this immune
paresis is still a matter for discussion and may
involve macrophage function, but it seems that
malaria, like cyclophosphamide, has a more pro-
found effect on B-cell than on T-cell function. It is
ofconsiderable interest that both P. bergei infection86
and cyclophosphamide87 ameliorate the nephritis
accompanying the autoimmune disease of New
Zealand black/white F1 hybrid mice.
The effect of measles on the immune system is

however different, and, as with corticosteroids, there
is a more profound effect on T-cell function, reflected
in the observation ofVon Pirquet who first described
depression of the tuberculin response during acute
measles infection.88 Although the theoretical immu-
nologist would have no difficulty in constructing
several hypotheses to encompass the described
phenomena, we sadly agree, 25 years later, with
Gairdner: 'it is tempting to speculate further on the

mechanism of malaria-induced remissions; but, in
view of our fundamental ignorance of the cause of
nephrosis, such speculations would be nugatory'.6
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