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"To connect accurate and faithful observations after
death with symptoms displayed during life, must be in
some degree to forward the objects of our noble arts,
and the more extensive the observation, and the more
close the connection which can be traced, the more
likely we are to discover the real analogy and
depepdence which exists both between functional and
organic disease, and between those, and the external
symptoms which are alone submitted to our investigations

during life".

(Richard Bright 10th August, 1827).
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SUMMARY

1. Introduction

There are comprehensive accounts of the nephrotic
syndrome in childhood in temperate countries. Many
of" the important features of this disease have been
known for close on to two decades. The causal

link between malaria and nephrosis in tropical
Africa has also been recognised and documented for

a similar length of time. Very little was known

of the nephrotic syndrome in the sub-tropical zones
of Africa where malaria is not endemic. Anecdotal
evidence in South Africa suggested that African
children with this disease appeared to have steroid-
resistant nephrosis and a more protracted clinical
course than expected from prevailing accéunts in

the literature and that Indian South African

children generally responded to steroids.

This thesis is the result of detailed investigations
in to this disease in African and Indian children

in Durban, South Africa.

2. Preliminary Study

A preliminary study was undertaken in which 53 (12
African and 41 Indian) children with the nephrotic

syndrome defined by clinical and biochemical criteria
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were studied. Renal biopsies were not available
on these patients. The results revealed that
two thirds of the African children were over 5
years of age and 50% were males. Of the Indian
children 50% were under 5 years of age and 50%

were males.

Nine African children were treated with steroids and
8 did not respond whereas 31 of the 39 Indian
children treated clearly responded to steroid
therapy. In addition 5 Indian patients were

treated with cyclophosphamide and 3 responded.

On follow-up 7 of the African children had
persistent proteinuria, 2 experienced remissions
and 3 were lost to follow-up. All the Indian

patients experienced remissions.

The differences between the 2 groups of nephrotic
patients were quite striking and therefore a more
detailed prospective study of this problem was

undertaken.

Prospective Study of Primary Nephrotic Syndrome

One hundred and seventy children of whom 104 were
African and 66 Indian with primary nephrotic
syndrome were studied. In both racial groups the

male sex dominated, Indian children tended to present
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at a younger age group whereas African children

presented at two peak ages, 5 years and between

5 - 10 years.

Histological Differences

The histological types found on light micros-
copic examination of renal tissue were
distinctly different between the African and

the Indian children. The majority (85.6%)

of the African children had 'obvious' glomerular
lesions, the commonest being extramembranous
nephropathy (29.8%). Although the prolifera-
tive group was the single largest group (40%)
none of the subgroups exceeded the extramembranous
type in their number. Minimal change accounted
for only 14.4% of the African children with

nephrotic syndrome.

The majority of Indian children (72.7%) had
minimal change on light microscopy, 2.1% focal
glomerulosclerosis and 12.1% had proliferative

changes.

Immunofluorescence

Immunofluorescent studies also indicated
differences between the two groups of patients.

Generally, heavier deposits of immunoglobulins



iv

and complement components were identified on
renal biopsy specimens of African children.
This occurred even in MCNS where most African
children had heavy IgG, light IgM, IgA and
complement components whereas only a few of
the Indian children had light IgM deposits.
Similar differences were observed in diffuse
mesangial proliferative glomerulonephritis

and focal glomerulcsclerosis where the numbers

of patients were comparable.

Presenting Features

Clinical features at presentation in the two
groups were different, as expected from the
nature of the histological findings in each
group. In the African children (all

histélogical groups) haematuria occurred in

35.5%, hypertension 16.3% and renal failure

in 2.9%.

The clinical features in the Indian children
were not too different from MCNS elsewhere.
Haematuria occurred in a small percentage (3%)
of MCNS but was more frequent (10.7%) in other
groups. Hypertension and renal failure
occurred infrequently in histological categories

other than MCNS where they did not occur at all.



Course and Outcome

In view of the above it was not unexpected to
find that the clinical course and outcome in
the two groups were quite dissimilar.

African patients in certain of the histological
groups fared reasonably well, but none of the
groups had the excellent prognosis of Indian

MCNS.

3.4.1 Minimal Change

One third of the African MCNS patients remitted
and this was unrelated to steroids. The
remainder who were followed for a reasonable
duration of time remained proteinuric. None
developed signs of serious renal impairment
(azotaemia, hypertension). Indian MCNS
experienced an excellent prognosis with 97.8%
achieving remission and 8l.6% being stercid
sensitive. One third of these patients had

a single episode of nephrosis while frequent

relapses occurred in 28.2%.

3.4.2 Extramembranous Nephropathy

Patients with extramembranous nephropathy, the
largest group in the African patients,

experienced hypertension more often (20%)
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and remission less often (30%) than do
children in temperate climates. The clinical
presentation, course and outcome in the
majority of these patients were similar to

adults with extramembranous nephropathy.

3.4.3 Proliferative Glomerulonephritis

The patients in the proliferative group had a
variable outcome depending on the subgroup

to which they belonged.

In diffuse mesangial proliferation, African
patients had a higher incidence of hyper-
tension and fewer remissions and fared less
well than Indian patients. The diffuse
endocapillary glomerulonephritis, membrano-
proliferative and focal proliferative nephritis
groups of patients suffered severe disease
with a failure to remit and progression

to death. In the diffuse exudative group,
remissions occurred or proteinuria persisted
but severe relapse and death did not occur.
The worst prognosis was in the focal prolif-
erative group with the highest incidence of

persistent relapse.

3.4.4 Focal Glomerular Sclerosis

Focal glomerular sclerosis was an unusual
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histological diagnosis in the African child
(3.9%) with a poorer prognosis (persistent
proteinuria or death) when compared to Indian
children in whom one third remitted and the

rest had persistent proteinuria.

3.4.5 Tropical Nephropathies

It is difficult to comment on the course of

the tropical nephropathy (not related to malaria)
and tropical extramembranous groups as the
numbers are small. However, in tropical
extramembranous, none remitted (all African
children) and in tropical nephropathy one

Indian child remitted but one of 2 African
children died and the other had persistent

proteinuria.

Response to Therapy

Perhaps the most important practical aspect of
the nephrotic syndrome in the African child

was the response to steroid therapy. Thirty-

two African children were given steroid therapy.
Thirty (93.7%) did not respond. Five children
deteriorated or died during steroid therapy.

Very few patients (4) were given cyclophosphamide

and none responded.
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Generally intravenous albumen, diuretics and
a high protein dietwere not very effective in
those patients with severe, clinical disease

but were of benefit in milder disease.

Indian children taken as a whole, responded

well to steroid therapy. Seventy-eight percent
of the whole group responded to steroids and
21.4% developed cushingoid features. Of the

19 Indian children (all MCNS) treated with
cyclophosphamide 63.2% responded of whom about

a quarter got toxic side effects (alopecia,
darkened nails and leucopenia). Chlorambucil
therapy in 4 children (all MCNS) was successful

in all.

Complications

Serious infections (septicaemia, peritonitis,
urinary tract infection, meningitis, arthritis,
osteitis, measles, chicken pox) occurred in
8.7% of the African patients. Eighteen

percent had less severe infections.

Just over a quarter of the Indian children
suffered severe infections. The majority
of these patients were MCNS and about 50%

were on steroids or cyclophosphamide at the
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time of their infection.

Renal biopsy complications were minor, these
being abdominal pain and tenderness or trans-
ient haematuria. A few patients developed
renal haematomas which were detected or
monitored by ultrasonography. The single
serious complication was the development of

a renal abscess at the biopsy site requiring

partial nephrectomy.

3.7 Mortality

The overall mortality was 5.8%. Seven of the
10 deaths were African children in the
Proliferative Group and 3 of the 10 deaths

were Indian children.

Secondary Nephrotic Syndrome

The secondary nephrotics formed an interesting

group of patients. Of the 22 patients classified

as secondary nephrotics 11 (50%) were related to
streptococcal infection either as rapidly progressive
glomerulonephritis or transient NS following APSGN.
HB Ag was detected in the blood of 8.6% of the
African patients. However the HBgAg carrier rate

in this age group is 7.4%.The incidence in these



patients probably reflects the high incidence in
this population group. Collagen vascular disease

occurred in 2 patients, both Indian.

Conclusions and Recommendations

The results of this study demonstrates the strikingly
different incidences of the various histological
categories in the two race groups studied with a
less favourable prognosis and fewer remission

rates being achieved in African children. Indian
children had more serious infections more often

than African children. Steroid and immunosuppress-
ive agents were of no value and probably hazardous
in the African child. Some patients deteriorated
on these drugs. Indian children who had an
excellent response to these drugs were however at

significant risk of developing serious infections.

Why African children in Durban develop obvious
glomerular lesions has not been established.

Known or possible aetiological agents such as
malaria, schistosomiasis, streptococcal infections

and collagen diseases have been excluded.

The answer to the above question may in fact lie in
genetic predisposition, host factors and environ-
mental influences, either singly or in combination,

predisposing to the development of obvious
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glomerular lesions. These require more intensive

investigation and judging from the yield of similar
studies in other areas of the world expectations

have to be guarded.



INTRODUCTION
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INTRODUCTION

1.1 Historical Review

The nephrotic syndrome is a well recognised clinical
entity known to have varying histological patterns,
the incidence of which differs in adults and

children.

'Nephrosis' was a term first used by Friedrich
Muller and referred to the degenerative lesions of
the kidney which chiefly involve the tubules (Muller
1905). Volhard & Fahr (1914) emphasised the

distinction between "nephrosis" and "nephritis".

Conversely Ellis (1942) regarded the nephrotic
syndrome as a form of nephritis and called it type
II nephritis. The nephrotic syndrome in children
is now recognised as a primary renal disease
affecting the entire nephron, the characteristic

lesion occurring on the glomerular basement membrane.

"White clouds in the urine" had been noticed by
Hippocrates (Garrison 1960). Probably the earliest
account of chronic nephritis was noted by the
Italian surgeon William de Saliceto of the 13th
Century who pointed out the association of dropsy,
scanty urine and hardened kidneys (Garrison 1960).

Some 500 years later Frederik Dekkers and Domenico
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Cotugno (Major 1939) noted albuminuria without
recognising the possible significance of their
finding. In the early 19th Century William Charles
Wells and John Blackall (Major 1939) established the
correlation between dropsy and albuminous urine.
Morgagni described the clinical and postmortem

findings in renal disease (Castiglione 1947).

However, it was Richard Bright's brilliant clinical
and pathological observations in the 19th Century
that associated diseased kidneys with dropsy and
albuminuria. Bright's disease then entered the
category of renal disease states and the term was
used to describe a heterogeneous group of conditions
outlined by Volhard and Fahr (1914) characterised

by nonsuppurative inflammatory, degenerative or

sclerotic changes in the kidneys.

It then became obvious that a particular clinical
syndrome varied greatly pathologically and that a
pathological entity presented with a number of

clinical expressions. The terms "nephritis"”

then used was limited to those cases in which
inflammatory changes predominated, "nephrosis" to

those associated with degenerative tubular changes

and "nephrotic-nephritis" to a subacute phase

following acute nephritis (Ellis 1942). Samuel Wilks in

1853 suggested that several renal diseases might
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give rise to the nephrotic syndrome and renal

failure.

Early in the 20th Century attempts were made to
categorise the pathologic features of the nephrotic
syndrome. Two broad groups of diseases were
recognised; in one, glomerular lesions predominated,
associated commonly with left ventricular hyper-
trophy, nitrogen retention and uraemia (Schmidt

1906, Widal et al 1912); the other was nephrosis, in
which tubular lesions were predominant (Miller 1905,
Volhard and Fahr 1914). The term "nephrosis" was
used with 2 very different connotations - one was

a descriptive histopathologic term for renal disease
without an inflammatory component and the second

was to describe the clinical picture caused by

heavy urinary protein losses.

Addis considered that all cases of glomerulonephritis
started with an acute stage which in some cases was
inapparent. Those who survived the acute attack
entered the latent stage in which the urinary
sediment was abnormal, with or without significant
proteinuria. Some patients recovered completely
whereas other patients after a period of years
developed renal failure, hypertension and death.

A certain proportion of these passed into a

degenerative phase with the clinical features of
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the nephrotic syndrome. The prognosis for those
in the degenerative stage was poor with 52% dying
within 3 years and only 3% surviving as long as 12

years (Heptinstall, 1966). (Figure 1).

Longcope and Ellis had very similar views. Longcope
noted that nephritis could present as type A or B.

In type A the initial attack followed Streptococcal
infections. Some patients died while the majority
passed into a quiescent stage with persisting
urinary changes which might take up to 2 years to

resolve.

In type B the onset was insiduous with no preceding
infection and with features of the nephrotic

syndrome. During the course of their disease

these patients experienced episodes of hypertension
oedema, haematuria and varying degrees of proteinuria.
Death frequently occurred in a state of hypertension

and renal failure. (Figure 2).

Ellis called his two groups types 1 and 2 (figure 3) which
resembled Longcopes' Types A and B. Type 1 was
acute in onset with haematuria, proteinuria, some

oedema and transient hypertension, preceded in the

oo

majority by an infection of the throat. 60
occurred in the first 2 decades of life. The general

trend was towards recovery and this occurred in 82%



FIGURE 1

ADDIS' THEORY (1949)
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FIGURE 2
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within 2 weeks of the attack. A small percentage
(4%) died in the acute attack from infection,

uraemia and heart failure. A further 4% showed
persistént signs with deterioration of renal function
and death within weeks or months. This was the
rapidly progressive form similar to Volhard's (1918)
subacute form and the progressive ocedematous form

of Longcope.

The type 2 had an insiduous onset with severe
persistent oedema and severe proteinuria. There
was a wider age distribution and a previous history
of infection in fewer than 5%. The clinical course
was generally fatal from infection, hypertension or
renal failure over a period of months or years.

Most died within 5 years. Similarities between

the various concepts were guite striking but a
conflict arose as to whether the two were aetiolog-
ically different diseases or clinical variants of

a single theme, The concepts of Volhard and Addis
favoured the latter. The type B of Longcope and
type 2 of Ellis were considered by both these workers

to be the result of subclinical acute attacks.

Many patients with chronic nephritis did not give
a history of an antecedent attack of glomerulo-
nephritis. It followed that chronic nephritis arose

de novo or followed an inapparent acute attack.



FIGURE 3

ELLIS' THEORY (1942)

Recovery (82%)

Death (4%) from original
infection acute heart
failure and renal failure

Type I : Acute onset

Rapidly progressive 4% with
death from renal failure

Chronic (10%) with death
in uraemia after many years
of asymptomatic proteinuria

Recovery (exceptional)

Type 2 : Insiduous onset

eath from intercurrent
infection or uraemia;
usually in O - 10 years
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At that time it was accepted that most cases of
chronic nephritis were the end result of an acute

post streptococcal glomerulonephritis.

The insiduous onset type B of Longcope and type 2
of Ellis were obviously the nephrotic syndrome in
current terminology. The nephrotic syndrome now
is a term of clinical convenience used to describe
a clinical state of multiple origin and varying
histology. It is clear today that the condition
represents a stage in a variety of disorders in
which increased permeability of the glomerular
basement membrane causes heavy proteinuria
resulting in hypoproteinaemia, excessive retention
of salt and water, along with other metabolic
disturbances. The same diseases may exist in less
severe or subclinical forms for months or years
before ocedema develops or the patient is aware of

any illness with or without haematuria.

1.2 Histological Classification

In King Edward Hospital, Durban, the commonest form
of glomerular disease is acute poststreptococcal
glomerulonephritis followed by the nephrotic syndrome.
In other parts of the world where this disease in no
longer prevalent the nephrotic syndrome is the most

important form of glomerular disease.
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The nephrotic syndrome with or without haematuria

is one of the clinical expressions of glomerular
disease. It is alsoc the commonest presentation of
glomerulopathy. In Habib's (1974a) series of 1368
paediatric cases of glomerular disease, 875 had
nephrotic syndrome. The other clinical presentations
of glomerular disease may be asymptomatic haematuria,
asymptomatic proteinuria, proteinuria and haematuria
(Habib 1974 (a)) and acute nephritic syndrome

(Morel-Maroger 1976).

The nephrotic syndrome is associated with a number
of different histological changes in renal tissue
(Habib 1974d). The problem is complicated by the
fact that histology does not relate directly to
aetiology. The same histological pattern may be
due to different causes. However, certain types
are not seen in systemic disease e.g. infantile
mesangial sclerosis or focal glomerular sclerosis.
Conversely a nephropathy accompanying a particular
disease process may show various types of histological
lesions - the classic example being systemic lupus
erythematosus (Ginzler et al 1980, Churg et al 1970,

Habib 1970).

In recent years the understanding of glomerular lesions
has vastly improved and this has been due to the

advances in the study of kidney tissue obtained by
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biopsy. The greatest value of renal biopsy has
been in the nephrotic syndrome (Muehrcke and Pirani
1975), this being the only way of making an exact
morphological evaluation of renal tissue. Besides
light microscopy, electron and fluorescence
microscopy have aided in diagnosis of glomerular

disease.

It is possible to classify glomerular lesions in a
number of ways - clinically, aetiologically, patho-
genetically and morphologically. As discussed

above, a number of clinical variations are possible
and it is often not possible to detect the aetiolo-
gical agent. Furthermore, although considerable
evidence is available indicating an immunopathological
background for certain types of glomerular disease,
this is not often useful for classification or
management. Although a large number of histological
patterns have been recognised, the most important
basic fact is that each histological group corresponds
roughly to a particular clinical pattern with a
particular course (Habib 1970). The correlation
extends from being exact for some to imprecise for
others. From the practical point of view however

it is the only way presently in which prognosis can

be assessed in the individual patient and may be
independent of aetiological factors and symptomatology

(Habib 19744).
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1.2.1 Classifications

A number of classifications have developed since
renal biopsies became standard practice. Heptin-
stall (1966) reviewed the aetiology and pathological
changes of the nephrotic syndrome. He included
paediatric cases and his own experience. The fol-
lowing tables were taken from his book (Heptinstall

1966) . Table I and Table II.

Churg et al (1970) re-examined the histological
features of a number of paediatric patients studied
prospectively by members of the International Study
of Kidney Diseases in Children (Abramowicz et al
1970). They also examined the.relative frequences
of the histological groups and the clinical course.
Table III from Churg et al (1970) gives their

findings. Table IV is Habib's classification.

Generally excluded from the category of primary
nephrotic syndrome is nephrosis secondary to

systemic diseases or other obvious causes e.g.
systemic lupus erythematosus, anaphyloctoid purpura, -
renal vein thrombosis, diabetes mellitus, amyloidosis

(Habib & Kleinknecht 1971, Rance et al 1976).

All the classifications discussed are firstly
divided into 2 broad groups of specific or secondary
nephrotic syndrome and non-specific, idiopathic or

primary nephrotic syndrome.



TABLE I

HEPTINSTALL'S HISTOLOGICAL DIAGNOSIS OF NEPHROTIC
SYNDROME AT BIOPSY

(1966)
Diagnosis Number
Glomerulonephritis
Proliferative 9
Idiopathic membranous 13
Membrane thickening 3

and proliferative

Lobular

Subacute

Chronic

Focal
© Type 2
Lipoid nephrosis 17

"minimal change" etc. 3%
Increased renal vein pressure 4
Diabetes mellitus 2
Amyloidosis 2

Systemic lupus erythematosus

Nephrosclerosis 3
Other 2
Total 70

*Tubular dilatation in addition to lipoid nephrosis.



TABLE II

HISTOLOGICAL DIAGNOSIS OF NEPHROTIC SYNDROME AT BIOPSY
IN RELATION TO SEX AND AGE
(HEPTINSTALL 1966)

Diagnosis Palzgegis Male Female Age (yr.)
Glomerulonephritis
Proliferative (diffuse) 9 7 2 7, 12, 23, 35, 35,
42, 44, 50, 75
Idiopathic membranous 13 12 1 15, 19, 22, 25, 30,
31, 33, 37, 41, 44,
51, 66, 68.
Combined membrane thick-
ening and proliferative 3 1 2 29, 43, 21.
Chronic 3 2 1 3, 23, 54.
Focal 9 8 1 9, 19, 42, 44, 50,
55, 55, 61, 68.
Lipoid nephrosis 17 9 8 2, 2, 3, 5, 9, 12,
("minimal change" or 14, 16, 19, 19, 26,
"no change" with light 27, 37, 38, 46, 51,
microscope) 53.
Same but with conspicuous 3 2 1 3, 5, 21.
tubular dilatation
Renal vein thrombosis 4 3 1 55, 56, 56, 60.
Diabetes mellitus 2 1 1 28, 35.
Amyloidosis 2 2 0 38, 60.
Miscellaneous
Kidneys with arterio- 3 1 2 53, 69, 81.
sclerosis and arteriolo-
sclerosis only
Mercurial diuretic 1 1 0 71.
Nephrocalcinosis 1 1 0 7.

Total 70 50 20

Source: Heptinstall, R.H., and Joekes, A.M. Unpublished data, 1960.




TABLE TIII

(CHURG & HABIB)

Glomerular Changes

Minimal changes

Focal sclerotic lesions

Proliferative glomerulonephritis

Mesangial
with crescents

Membranoproliferative

Membranous nephropathy

Chronic glomerulonephritis

TOTAL

1970

98

12

ot
\S]
~ [



TABLE IV

CLASSIFICATION OF GLOMERULAR NEPHROPATHY (1368 CASES)
(HABIB 1974)

I GLOMERULAR NEPHROPATHIES ASSOCIATED WITH MINIMAL GLOMERULAR LESIONS

(586 cases)

Pure idiopathic nephrotic syndrome
Idiopathic nephrotic syndrome with hematuria
Idiopathic "proteinuria hematuria" syndrome
Isolated proteinuria

Isolated hematuria

II GLOMERULAR NEPHROPATHIES ASSOCIATED WITH SPECIFIC GLOMERULAR LESIONS

(142 cases)

Thrombotic microangiopathy

Amyloidosis

Diabetic glomerulosclerosis

Malarial 'membranous'" glomerulonephritis
Lupus nephritis (with hematoxylin bodies)

IIT GLOMERULAR NEPHROPATHIES ASSOCIATED WITH NONSPECIFIC GLOMERULAR

LESIONS
(607 cases)

A. Diffuse glomerular lesions

1. Nonproliferative
Extramembranous glomerulonephritis
"Membranous' glomerulonephritis
Infantile mesangial sclerosis

2, Proliferative
Pure endocapillary glomerulonephritis
Endocapillary and extracapillary glomerulonephritis
(with focal crescents)
Endocapillary and extracapillary glomerulonephritis
(with diffuse crescents)
Membranoproliferative and lobular glomerulonephritis

B. Focal glomerular lesions

1. Segmental and focal glomerulonephritis
2. Focal glomerular sclerosis

Segmental hyalinization

Global fibrosis

IV TUNCLASSIFIED GLOMERULAR LESIONS (33 cases)

Alport's syndrome

Focal "membranoproliferative'" glomerulonephritis

Extramembranous glomerulonephritis with mesangial
proliferation

Lesions too advanced for classification

317

110
82
55
22

110
9

2
21
0

50
10
10

86

121

27

106

99

74
24
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The primary group is then divided into

1) the minimal change group (normal glomeruli).

2) the membranous group (thickened GBM with spikes).

3) the proliferative group with a number of subgroups
based on the type of cellular proliferation with
or without BM thickening. With time the
clinical presentation and natural history is
being more clearly defined for each subgroup.

4) focal glomerulosclerosis which appears to be
more defined histologically and clinically.

5) other histological categories that cannot be
classified into any of the above and occur in
the experience of different investigations e.g.
malarial nevhropathy (Hendricks et al 1972)
focal membranoproliferative nephritis (Habib

1974 a).

1.2.2 Definitions of Histological Groups

The definitions used in this study are based on the
classification by Lilian Morel-Maroger, who was a
co-investigator in this project. (See Histo-
pathological Analysis of Glomerular Disease Advanced

Medicine 1976). Table V.

I No obvious lesions

Minimal Change

All the glomeruli appeared normal on light microscbpy



TABLE V

CLASSIFICATION OF GLOMERULAR DISEASE - MOREL MAROGER 1976

IT

11T

Idiopathic Glomerular Disease

1.

O ~ O

Nephrotic syndrome with minimal changes.
Membranous glomerulonephropathy.

Membranoproliferative glomerulonephritis with

(1) subendothelial deposits.

(ii) dense deposits.

Focal hyalinosis or Focal Glomerular Sclerosis.
Focal Proliferative Glomerulonephritis.

Focal Glomerulonephritis with Mesangial IgA.
Other Primary Proliferative Focal Glomerulonephritis.
Diffuse extra capillary or crescentic glomerulo-

nephritis.

Glomerular Diseases Associated with Infections and

Parasitic Disease

1.

Diffuse Proliferative Glomerulonephritis (Acute
Glomerulonephritis mainly Post Streptococcal).
Glomerulonephritis in Subacute Bacterial
Endocarditis and Shunt Nephritis.

Quartan Malarial Nephropathy and Tropical

Nenhropathies (Schistosomiasis, Kala-azar,

filariasis).

Glomerular Lesions in Systemic Diseases

e i
[NCI S @ N Yo TR o JENENS Re ) N § 2 TN SRR OS SR NG Sy W
. . . . . . . B . .

Systemic Lesions Erythematosus (SLE).
Diffuse Glomerulonephritis.

Focal Glomerulonevhritis.
Extramembranous Glomerulonephritis of SLE.
Minimal Changes in SLE.
Henoch-Schonlein Syndrome.
Goodpastures Syndrome.

Polyarteritis nodosa.

Thrombotic Microangiopathy.
Dysproteinaemias.

Amyloidosis.

Diabetes.
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with at most fusion of epithelial foot processers

on electron microscopy.

II Obvious Glomerular Lesions

l. Extramembranous

The glomerular basement membrane is thickened with
spikes arising from the GBM. Deposits which are
separated by the spiky projections arising from the

GBM are located on the epithelial aspect of the GBM

beneath the foot processes. The spikes are detected
using the silver stain. Cellular proliferation is
absent.

2. Proliferative

a) Mesangial Proliferative (see Waldherr et al 1978).

By light microscopy there was generalised diffuse
mesangial - cell hyperplasia. The basement

membrane, tubules and interstitium were normal.

b) Membranoproliferative

The following features on light microscopy were

accepted for this diagnosis.

(1) Diffuse mesangial proliferation.
(ii) Increase in mesangial matrix.

(iii) Diffuse irregular thickening of the walls
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of the glomerular capillaries some showing

distinct double contours.

(iv) Extra capillary proliferation with

epithelial crescents.

Diffuse Proliferative

The criteria for the subgroups of this category

were:

1) Diffuse Exudative (see Turner 1978)

Diffuse endocapillary proliferation polymorph
infiltration with or without epithelial
proliferation and crescent formation in 50% of
the glomeruli. The GBM is normal with sub-

epithelial "lumps" being visible.

2) Diffuse Extracapillary or Crescentic

Glomerulonephritis

There is cellular proliferation of the cells of
Bowman's capsule in more than half the glomeruli.
These crescents later become fibrous obliterating
the urinary space. Mesangial and endothelial
proliferatién may be present with various capillary
wall abnormalities: tram tracks, subendothelial
deposits, dense deposits. Immunofluorescence
demonstrates fibrinogen in the crescents. IgG

may be present on the capillary wall.
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3) Diffuse Endocapillary

Diffuse proliferation of endocapillary cells

with accentuation of lobules and normal GBM.

d) Focal Proliferative Glomerulonephritis

Focal and segmental endothelial or mesangial
cell proliferation. Glomerular sclerosis might

be present in fewer than half the glomeruli.

3. Focal Glomerular Sclerosis (see also Habib and

Gubler 1975)

Focal and segmental shrinkage of glomerular tufts
usually in the juxtamedullary glomeruli with adhesions
to Bowmans capsule. Fibrinoid deposits and fatty
vacuoles on the endothelial side of the glomerular
basement membrane. Diffuse mesangial hyper-
cellularity may be present. Tubular atrophy and
interstitial fibrosis with the presence of foam

cells in the interstitium are almost always present.

4., Tropical Extramembranous

Marked extramembranous thickening with spike formation
and conspicuous cellular proliferation on light
microscopy. On electron microscopy the basement
membrane had both extramembranous and intramembranous

deposits with no lacunae, splitting and intrusion
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into the capillary lumena. Cellular proliferation

is due to mesangial and endothelial cells.

5. Tropical Nephromathy (see also Hendrickse et al 1972).

The histological findings in these patients were as
follows: capillary wall thickening and segmental
glomerular sclerosis which may lead to progressive
glomerular damage and secondary tubular atrophy.
Cellular proliferation is inconspicuous and absent.
The basement membrane has a characteristic splitting
or flaking of the glomerular capillary walls and
intrusion of basement membrane-like material into

the lumen seen on silver stains.

Initially only occasional capillary loops may be
affected with increasing involvement diffuse
capillary wall thickening occurs. The sclerosing
process spreads to involve the mesangium producing
segmental lesions which lead to total obliteration

of the tuft.

Since the broad categories of minimal, membranous

and proliferative were designated, morhpological
classification has progressed considerably with
regular modification as evolution of disease
processes are clarified. However problems still
exist despite the best of efforts to remove prejudice.

For example in quantitating histological change,
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interpretation is still highly subjective. How
important is mesangial prominence in minimal change
nephrotic syndrome? When does the prominence
become proliferative? low important are the focal
glomerular changes with minimal change nephrotic
syndrome. At which point is the disease no longer
minimal change but focal glomerulosclerosis. These

questions cannot be answered with objectivity.

Furthermore, there may be agreement with the histolo-
gical classifications, but outcome for the patient
may be quite different. An example is membrano-
proliferative glomerulonephritis where 2 subtypes
have been recognised - type I characterised by endo-
thelial deposits and type II with dense intramembranous
deposits (Habib & Kleinknecht 1971, Davis et al 1978).
Some reports indicate that the clinical course,

rate of progression to renal insufficiency, complement
levels and presence of nephrotic syndrome vary
between the two types (Cameron et al 1973, Habib et
al 1973b) whereas other observers find these two
clinically indistinguisable (Davis et al 1978,

Antoine and Faye 1972).

One of the major difficulties in this study has been
the interpretation of the histology of renal biopsies.
For uniformity, biopsies were sent to Dr. Morel-

Maroger {(Paris). More recently the Department of
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Pathology has been able to offer a great deal more
assistance with interpretation of histology,
immunoflucrescence and electron microscopy. We
have had to accept certain technical differences
e.g. sections for light microscopy could not be

thinner than 4 um.

The purpose of any classification is to provide a
guide for the clinician. As noted in Tropical
Africa (Hendrickse et al 1972) and South Africa
(Coovadia et al 1979), the incidence of the various
histological categories in the African child with
nephrotic syndrome is very different. In the
majority of cases the idiopathic nephrotic syndrome

is not minimal change but demonstrates obvious

glomerular lesions. Systemic diseases are very
uncommon. Infections and parasitic diseases
therefore assume a more important role. In Tropical

Africa the importance of Malaria as the cause of the
nephrotic syndrome in the African child has been

shown (Hendrickse et al 1972, Kibukomusoke et al 1967).
Whilst in South Africa, no parasite or infection has

been implicated.

1.3 Pathogenesis

1.3.1 Hicstorical Review of Pathogenesis

The first good demonstration of kidney disease

induced by immunological mechanisms was demonstrated
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by Lindemann (1900 a). He injected kidney homo-
genates from rabbits into the peritoneum of guinea
pigs. He then obtained serum from the guinea pigs
and injected the rabbits, inducing proteinuria,
uraemia and death 3-5 days after the injection.
Lindemann suggested that specific substances formed
in the guinea pig serum and that these substances

resulted in damage to the rabbit kidneys.

During the last decade of the 19th Century, heter-
ologous serum was used as a therapeutic agent in
infectious diseases. For example serum was
administered for the neutralisation of diphtheria
toxin (von Behring and Kitasato 1890, von Behring
1892). The side effects of this therapy were
urticarial rashes, joint pain, enlargement of lymph
nodes, fever and occasionally proteinuria. Rarely,
there was an anaphylactic reaction. This syndrome
was termed "serum sickness" by Clemen von Pirquet.
The first monograph on serum sickness was published

by Francioni (1904).

Von Pirquet (1911) suggested that in serum sickness
the combination of antibodies with the foreign
protein may lead to a "new toxic agent" capable of
causing tissue injury. Thus the concept of immune

complexes was formulated in theory.
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The kidney pathology in serum sickness was noted by
Longcope (1913). He injected animals repeatedly
with foreign proteins, following which these animals
developed proteinuria, had renal interstitial
mononuclear cell infiltrates and marked changes in
the glomeruli - crescent formation, proliferation

of endothelial cells, fibrosis and glomerular
sclerosis. This was explained by Loncope as being
due to increased toxicity of the proteins repeatedly
injected. This was similar to the explanation given
for Arthus phenomenon. "Arthuslike" lesions were
demonstrated in the kidneys of rabbits sensitised

to horse serum or egg albumen and then injected with

the specific antigens directly into the kidney.

It was thought that the changes which occurred in

the kidney were the result in some way of micro
organisms. Negative results were obtained by most
workers when injecting bacteria in animals. Two
groups of workers obtained results which could not

be reproduced. One group (Bell et al 1925) induced
glomerulonephritis in monkeys by repeated intravenous
injections of streptococci. A second group of
workers (Duval & Hibbard 1926, 1927) sensitised
rabbits to streptococci, then injected streptococci
into the peritoneal cavity, or incubated streptococci

in vitro with specific antiserum and injected these
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intravenously. The glomerulonephritis that these
workers produced were probably the result of

immune complex formation. Before immune complexes
were understood to play a role in the development

of glomerulonephritis toxic substances were shown

to cause lesions in the kidneys. Lindemann (1900 b)
showed that serum from a dog treated with potassium
trichromate could induce proteinuria when injected
into a normal dog. Many toxic agents have been
implicated in the triggering of autoimmune phenomena.
Recently, inhalation of hydrocarbons has been
associated with Goodpastures disease. New Zealand
mice and their hybrids may develop immune complex
nephritis resembling human lupus nephritis. The
role of viruses (Oldstone & Dixon 1971) in kidney
diseases may add to the understanding of the aetiology
of nephropathies. Mice persistently infected with
lactic dehydrogenase virus were shown to have a

mild glomerulonephritis with granular deposits of
IgG,C3 and viral antigen in the glomeruli and it was
thought that the renal lesion resulted from the

trapping of virus antibody complexes in the glomeruli.

Masugi (1934) and his group studied the histopathology
of nephrotoxic serum nephritis and immune complex
glomerulonephritis. In their study of immune

complex nephritis they found varying results in
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rabbits in that chronic serum sickness could not

be produced by repeated injections with egg albumen
but could result following intraperitoneal injection
of rat organ homogenates and intravenous administra-
tion of horse serum. He stressed that the reaction
to protein injections differed among individual

rabbits.

Radio-labelled antigens and antibodies became
available in the 1950's. It was then demonstrated
that the acute lesions of serum sickness developed
during the phase of immune elimination of the
antigen (Germuth 1953). Germuth proposed that the
serum sickness pathology was induced by immune

complexes formed in the circulation.

Two models of autocimmune diseases, the autoimmune
antiglomerular basement membrane nephritis in sheep
(Steblay 1962) and autoimmune complex nephritis in
rats (Heymann et al 1959) established the link between

experimental models and human disease of the kidneys.

The induction of tissue injury by immune mechanisms
was studied from the early 1900's. Complement, white
cells and coagulation were studied. Low complement
levels were noted in rabbits injected with foreign
antigens (Moreschi - cited in von Pirquet 1911).

A similar result was obtained on patients with serum
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serum sickness (Francioni 1908). Francioni (1904)
had previously suggested that antibodies and white
cells were important in serum sicknes. Marked
neutropenia in the active phase of serum sickness
was noted by (Bienenfeld, 1907) and abnormal phagocytic
function in serum sickness was noted by Menabouni.
Decreased coagulation time (Biedl and Kraus 1909)
(cited in Francioni 1908) and the presence of fibrin
(Vaubel 1932) in animals with glomerulonephritis
suggested coagulation factors played a role in the
pathogenesis of immune complex disease. This was
later confirmed in animals (Vassalli and McCluskey

19643) and in humans (Kincaid-Smith 1972).

The role of cell mediated immunity was only established
in 1976 when the first experimental model for the
inducation of lesions characteristic of delayed
hypersensitivity was described (van Zwieten et al
1977). It was found that a cellular response

occurred when lymph node cells and not serum was

injected into the kidney of guinea pigs.

Developments in the technique of renal biopsy and
improved immunohistological techniques lead to the
classification of clinicopathological syndromes.

These aspects will be discussed later.
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OUTLINE OF APPROACH TO PATHOGENESIS
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Mediators of Glomerular Injury

Immunity and Pathogenesis of Nephritis
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1.3 Pathogenesis of Glomerular Lesions

General

It is important from the clinical point of view to
approach renal disease from the standpoint of

primary site of injury or disturbed physiology.

Site of damage may be the glomerulus, proximal or
distal tubule, interstitial tissue or vasculature.
As there, obviously, is a close relationship between
these sites, injury of one component may result in

altered structure or function in other parts.

This as previously discussed, although in understanding
glomerular disease, a knowledge of clinical present-
ation, laboratory results, histopathologic changes,
natural history and treatment is essential. It is
equally important to try to identify aetiology and

pathogenesis.

Furthermore, glomerulonephritis is the commonest
cause of chronic renal failure and it is therefore
extremely important to understand the basic
mechanism of glomerular injury in order to prevent
serious renal disease. The following is a summary

of some aspects of glomerular injury.

In order to appreciate the pathogenesis of glomerular

lesions one has to consider certain aspects of
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experimental nephritis.

1.3.3 Immune Complex Glomerulonephritis

I This is the most common form of glomerular injury.

(i) Experimental Immune Complex Nephritis

1. Acute Immune Complex Nephritis

This is most easily induced in the rabbit.

A single large injection of foreign serum protein
(usually bovine serum albumen - BSA) resulted in
"Acute serum sickness" manifested as transient
vasculitis, arthritis and glomerulonephritis.
Manifestations lasted as long as the soluble
complexes of antigen and antibody occur with
antigen excess in the circulation (Germuth 1953,
Dixon et al 1958). This is an acute self-
limiting illness and recovery occurs when all
circulating antigen is eliminated. Histological
changes in the glomeruli were swelling and
proliferation of endothelial, mesangial cells

and hypertrophy of epithelial cells. Immuno-
fluorescence shows discrete granular deposits of
antigen (BSA) antibody (rabbit IgG) and

complement on the GBM.

2. Chronic Immune Complex Nephritis (see figure 4)

Repeated injections of smaller doses of BSA can
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give rise to subacute or chronic glomerulo-
nephritis. Histologically a wide variety of
changes occurred varying from isolated mesangial
cell proliferation, membranous changes together
with proliferation or fulminating necrotising
crescentic glomerulonephritis. In some

animals interstitial nephritis with tubular
damage infiltration of the interstitium with

mononuclear cells and polymorphs may occur.

Immunofluorescent studies show granular, coarse,
confluent deposits of immunoglobulin, antigen
and complement, on the GBM or the mesangium
(only in mesangial proliferative nephritis)
unlike the fine discrete deposits of acute
disease. The occurrence of chronic nephritis
was recognised as being related to the antibody
response of the animal (Dixon et al 1961).

Those animals (rabbits) that produced anitbodies
in amounts barely sufficient to neutralise the
injected antigen developed subacute or chronic
glomerulonephritis. Whereas those who developed
large amounts of antibody developed an acute,

self-limiting glomerulonephritis.

Factors determining renal involvement by circulating

Immune Complexes (see figure 5)




FIGURE 5

SUMMARY OF FACTOR AFFECTING IMMUNE COMPLEX FORMATION

AND REMOVAL FROM CIRCULATION

- quantity - site
- affinity - rate of release
Antibody - subclass Antigen - replicating
- duration - structure
Circulating complexes varying
in size and rate of formation
RES capacity Local anatomy
and function permeability factors
tissue receptors
Removal by RES Tissue deposition

From Sissons 1976
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1. Size and Structure

Important factors responsible for the rate of
removal of the complexes and their nephro-
toxicity are the size, structure and the
proportions of antigen and antibody of the

complexes.

The complex size is affected by the nature of
the antigen, the subclass of antibody and it's

affinity and the binding of complement.

The extent of the "lattice" structure formed by
the antigen (Ag) and antibody (Ab) determines

the rate of removal of the complexes (Mannik

et al 1974). Complexes formed in antibody
excess with a lattice Ag) Abs and larger than

195 in size are rapidly taken up by the reticulo-
endothelial system (RES), and deposited in the
mesangium with mesangial cell proliferation. Small
and intermediate size complexes with a lattice

of Agp Ab, or less formed at equivalence or
antigen excess, and 11-19S in size tend to
persist longer in the circulation. They tend

to localise in the GBM and result in diffuse

proliferative or membranous nephritis.

Diffuse glomerulonephritis is brought about by

complexes found in moderate antigen excess and
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these are typically localised in a subepithelial
position. The smallest complexes formed in
gross antigen excess do not cause glomerular
damage. Complexes formed in moderate antibody
excess localise in the glomerular mesangium and
on the endothelial aspect of the GBM. These
complexes give rise to less severe focal
glomerular disease (Germuth & Rodriguez 1973).
Animals making a high level of antibody tend
not to develop nephritis as large complexes

are formed and the antigen rapidly cleared.
Those with very low antibody response show

nephritis (Figure 4).

2. Renticuloendothelial System (RES)

In the kidney the mesangial cell is regarded
as part of the RES. The RES is obviously
important in the rate of removal of immune
complexes from the circulation. In animals
with chronic immune complexes, decreased
clearance of complexes and macromolecules has
been shown (Wilson & Dixon 1971, Mannik et al

1974).

Increased RES clearance capacity was present in
patients with proliferative, membranous, mesangial

IgA and active Henoch-Schonlein nephritides.
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These patients demonstrated increased RES

phagocytosis. (Drivas et al 1976).

3. Glomerular C3b and Cyb Receptors

A cellular receptor for C3b has been demonstrated
within the human glomerulus (Gelfand et al 1975).
This receptor is sited on the epithelial cells

of the glomerulus and there is an inverse
correlation between the amount of C; detectable
on immunofluorescence and the number of
demonstrable receptors. It may be possible

that this receptor plays a role in localising

the immune complexes in the subepithelial site.

The glomeruli of the human kidney have also been
shown to possess receptors for Cyb (Matre and
Tonder 1980). These receptors are present on
all glomeruli and can also be found in the

foetal kidney.

Both these receptors probably play a role in
the binding of complement containing immune

complexes onto the GBM in glomerulonephritis.

Fc gamma receptors for IgG could not be demon-
strated on human glomeruli (Matre et al 1980).
From the available evidence it appears that the

antigen C3b, or Cyb have to be deposited on the
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GBM before the remaining components of the immune

complexes are attached to the GBM.

4. Local Formation of Immune Complexes in the

Kidney
Ag - Ab reactions can take place locally in the
glomerulus. The deposited immune complexes
are in equilibrium with Ag and Ab in the
Circulation (Wilson and Dixon 1971) and can fix
further antibody and complement after deposition.
Massive amounts of infected antigen can accelerate
the removal of complexes from the glomeruli
probably by altering antigen - antibody ratios
(Valdes et al 1969, Wilson & Dixon 1971). The
progression of the renal disease is stopped and
the glomerular pattern of immune deposits is
altered. Eventually fluorescent deposits disappear
and glomerular lesions heal with improved renal

function (Valdes et al 1969).

An experimental model has been described in
which antigen previously localised in mesangial
cells reacted with subsequently injected anti-
body to produce glomerular damage (Mauer et al

1973).

In the rat, antigen (ferritin) was bound to the

glomerular basement membrane. (Batsfordet al 1980).
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This was followed by an injection of the anti-
body (antiferritin). Glomerulonephritis with
significant proteinuria was induced. Histology
revealed GBM spike formation with hypercellularity.
Immunofluorescence showed fine granular deposition
of antigen, antibody and C3 along the glomerular
capillaries. Electron microscopy demonstrated
fused foot processes and subepithelial deposits
(containing ferritin). This neat experiment
demonstrated the role of in situ antigens in

the pathogenesis of immune complex nephritis.

Therefore the antigenic load, quality and
quantity of antibody, size and structure of
complex and RES function determine the rate of
deposition, removal and production of immune

complexes.

5. Factors Determining Tissue Injury

Although there was definite evidence of tissue
injury in serum sickness due to the deposition
of circulating antigen-antibody complexes, it
was noted that it was not always possible to
reproduce consistently the same lesions. Some
workers (McCluskey et al 1960, Benacerraf et al
1960) were able to produce glomerular and

vascular lesions in mice and rats following an



injection of immune complexes in antigen

excess whereas others (Fish et al 1966,

Cochrane and Koffler 1973) were unable to
reproduce similar results in mice or rabbits.
Fish et al (1966) stated that it was not only
the elimination of the antigen and the formation
of antigen antibody complexes that were
important factors in the pathogenesis of serum
sickness. Additional parameters such as
kinetics of antibody production, the specific
nature of the complexes formed, glomerular
localisation of macromolecules and the individual
vulnerability of difficient animals to tissue
injury by immune complexes had to be considered.
An explanation for the failure to produce

tissue injury was given by Henson and Cochrane
(1971) who showed that in order to produce
tissue injury in rabbits 2 requirements had to

be met.

a) Complexes greater in size than 19S must

circulate.

b) Increased capillary permeability is necessary
to allow localisation. Any factor affecting
an increased permeability will facilitate
complex deposition e.g. turbulent blood flow

at bifurcations of vessels. Immune complexes
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when localised cause increased permeability

and allow further localisation of complexes.

In rabbits vasocactive amines (Cochrane &
Koffler 1973) are released from platelets,
facilitating localisation of complexes.

As human platelets conﬁain much less
vasoactive substances the relevance of this

mechanism is not clear.

ITII Immune Complex Nephritis in Man

The study of large numbers of human renal biopsy
material has demonstrated deposits of immuno-
globulin and complement in the glomerulus. This
has been taken as evidence of immune complex
disease, this mechanism accounting for the
majority of human nephritides (McCluskey 1971,
Berger et al 1971). The antigen resulting
in nephritis has been identified in a minority
of conditions. More often straightforward
immunofluorescent techniques will not reveal

the antigen and the antigen and antibody have
had to be eluted from renal tissue. Resolution
of nephritis after elimination of a suspected
antigen and detection of circulating immune
complexes are indirect evidence of immune complex

disease.
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The antigen is more often identified when the
nephritis is part of a systemic disease for
example Hepatitis B viraemia, the exeptions
being acute post streptococcal nephritis and

quartan malarial nephrotic syndrome.

Table VI gives a list of nephritides in which
the antigen has been proven or is strongly

suspected (from Sissons 1976).

Most patients with nephritis do not have
evidence of systemic disease. A blind search
for antigens is almost impossible and quite
impractical. The finding of circulating

immune complex lead to the conclusion that these
complexes are the cause of the nephritis.
Cryoglobulins are often taken as an index of
circulating immune complexes and their prevalence
in human nephritis has been demonstrated (Adam
et al 1973, Druet et al 1973, McIntosh et al
1975). Cryoglobulins are generally detected

in patients with nephritis of known aetiology
e.g. SLE and rarely in idiopathic nephritis,
usually proliferative rather than membranous

(Adam et al 1973).

The difficulty in demonstrating immune complexes

in idiopathic nephritis may be due to the fact



TABLE VI

ANTIGENS IMPLICATED IN THE PATHOGENESIS OF HUMAN IMMUNE
COMPLEX GLOMERULONEPHRITIS

Infectious agents

Streptococci Post-streptococcal nephritis/SBE
Staphylococci 'Shunt' nephritis/SBE

M.leprae Leprosy

T.pallidum Syphilis

Pl.malaria
(Pl.falciparum)

Schistosoma

Hepatitis B antigen
Measles antigen
EB virus

Oncorna virus antigen

Endogenous

Nuclear antigens
Thyroglobulin

Renal tubular antigens

IgG

Carcinoembryonic antigen

Drugs

Penicillamine and others

Quartan malaria

Schistosomiasis

Hepatitis B antigenaemia
SSPE

Burkitt lymphoma
Lymphoma/leukaemia

SLE

Autoimmune thyroiditis
Membranous GN

Sickle cell disease
Renal carcinoma

'Mixed cryoglobulinaemia'

Colonic carcinoma

Antigen/antibody system not specifically identified.

Other infections, neoplasia, Guillain-Barre syndrome, sarcoidosis.
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that the complex load is small. The presence
of immune complexes in proliferative nephritis
correlates with activity on renal biopsy. The
cryoglobulins associated with nephritis contain
IgG and IgM, but the antigen is rarely
demonstrated. However, it has not been shown

that these represent the complexes causing damage.

A wide gap therefore exists between suspected
mechanisms and proven pathogenetic mechanisms

in human nephritis.

1.3.4 Anti GBM Nephritis

(1) Experimental (Unanue & Dixon 1967).

The injection of heterologous antibody to

glomerular basement membrane causes glomerulo-
nephritis and immunofluorescence demonstrates.
The antibody fixed in a characteristic linear

pattern along the GBM.

Two phases of injury are produced:

a) The heterologous phase

The heterologous phase is characterised by
proteinuria lasting 24 - 48 hours and is the
direct result of the fixation of the antibody
on the GBM, Early on morphological changes
are inconspicuous. When a complement-fixing
antibody is used polymorphs infiltrate within

2 - 3 hours of the antibody administration.
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The only other early change is the deposition
of poorly defined electron-dense material on
the capillary side of the GBM within 6 - 12

hours following injection.

b) The autologous phase

The autologous phase develops 5 - 8 days later,
manifesting clinically as renal failure in 10 -
20 days. This phase is the result of the prod-
uction of host antibody to the administered
antibody. Severe nephritis develops with
endothelial and epithelial cell proliferation,
and fresh subendothelial deposition which is
dense and abundant occurs for up to 4 weeks

after injection.

(ii) Human Anti-GBM Nephritis

Anti-GBM antibody is of prime pathogenetic importance.
As has been shown in primates (Lerner, Glassock and
Dixon 1967), antibody to GBM can be eluted from the
diseased kidney. The eluted antibody will induce
nephritis in the normal recipient monkeys and the
anti-GBM antibody can be demonstrated in the circula-

tion after bilateral nephrectomy.

Patients with anti-GBM antibody induced nephritis

(Good-pasture's Syndrome) usually have rapidly
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progressive crescentic nephritis, and the majority

have associated intra-alveolar lung haemorrhage.

The association of lung and kidney disease in
Goodpastures syndrome is likely to be based on the
antigenic similarity of the glomerular and lung
basement membranes. In sheep an autoimmune
nephritis (Steblay 1962) can be induced by immuni-
sation with lung basement membrane (Rudofsky and
Steblay 1965). The cause of pulmonary haemorrhage
in Goodpasture's syndrome is uncertain. In some
patients, antibody is fixed on lung basement
membrane. In rats, large doses of nephrotoxic
antibody have been shown to cause haemorrhagic
pheumonitis (Willoughby and Dixon 1970). This
does not necessarily establish that the lung disease
is the result of such an antibody. Under some
circumstances, pulmonary damage might result in
the formation of antibody reacting with both lung
and glomerular basement membranes. This is
supported by reports of Goodpasture's syndrome
following exposure to hydrocarbonsolvents (Beirne
& Brennan 1972). It is postulated that in this
situation chemical damage of the lung had resulted
in the release of basement membrane antigens with
an antibody response and basement membrane damage

ensuing in the kidneys and the lungs.
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Autoimmune nephritis was produced in rabbits by
Lerner & Dixon (1968). A proportion of these
rabbits (about 15%) developed a predominantly
tubular lesion with linear deposition of antibody
on the tubular basement membrane (TBM). Similarly
some 60 - 70% of patients with anti-~GBM glomerulo-
nephritis produce antibody to TBM with linear
deposits of IgG occuring on the TBM. Globulin
eluted from human kidneys containing anti-GBM
antibodies reacted in vitro in 9 of 10 instances
with the GBM, TBM and Bowman's capsule (Lerner.et

al 1967).

Rarely, nephritides associated with deposits along

the TBM (McPhaul & Dixon 1970) have been observed

in other situations in man, for example, in
allotransplanted kidneys, (Klassen et al 1973),
following immune complex nephritis in a patient with
post streptococcal nephritis, (Morel-Maroger et al 1974),
in a patient with Fanconi's syndrome (Levy 1974)

and in patients with acute renal failure associated

with methicillin sensitivity (Baldwin et al 1968,

Border et al 1974).

More recently antibodies to renal tubular antigen
could not be demonstrated in the serum or the eluates
of renal tissue of some patients with membranous

glomerulonephritis (Collins et al 1981).
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The role of renal tubular antigen, if any, in
glomerulonephritis is not clear. The available
evidence is conflicting. It may be that the
causative agents in the variocus forms of glomerulo-
nephritis may be responsible for the presence or

absence of renal tubular antibodies.

1.3.5 The Mediators of Glomerular Injury (Figure 6).

The deposition of immune complexes or the fixation

of anti-GBM antibody may result in sufficient damage

to cause proteinuria. It appears that these

events alone will not produce progressive glomerular
damage, but that other factors that participate

in the inflammatory response such as complement,

the coagulation system and polymorphonuclear leucocytes
may also contribute to renal damage. (Sissons

1976) .

(i) Complement

This is the best understood mediator of allergic
tissue injury. The early complement components
are also important in the defence against infection.
Activation of the full classical or alternate
pathway is required for cell damage. The major
immunopathological effects of complement activation

depend on C3b which causes immune adherence of



FIGURE 6

SUMMARY OF FACTORS INVOLVED IN THE MEDIATION OF GLOMERULAR

DAMAGE

Immune Complex Deposition/

Anti GBM Antibody Fixation

Complement Activation and Polymorph Infiltration

Liberation of Polymorph, Lysosomal Constituents

Basement Membrane Damage Procoagulant Material

(tissue thromboplastin)

Macromolecular Protein Activation of Factor XII

Leak
Proteinuria Fibrinogen » Fibrin Deposition

Extracapillary Cell Proliferation

From Sissons 1976
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polymorphs and platelets at the site of complement
fixation. C3b is also responsible for opsonisation.
The smaller breakdown fragments of C3 and Cg, namely
C3a and Cga, have anaphylotoxic properties. In
addition, B lymphocytes have receptors for the

large fragment of C3 and Cjsb. These facts have
suggested that complement may have a role in the
cellular interactions involved in antibody formation

(Peters & Williams 1975).

Tissue damage from complement generally appears to
have no requirement for the late complement components,
since C6 deficient rabbits are not protected from the
damaging effects of antibodies to GBM. (Rother et

al 1966).

Complement is not always required to induce tissue
injury. Approximately 20 - 25% of patients with
Goodpasture's syndrome have no detectable C3 deposited
in the glomeruli (Wilson and Dixon 1973, Sissons et

al 1974). Complement independent injury has also
been demonstrated in sheep (Henson 1971) using the

%2 fraction of anti-GBM antibody.

In most patients with membranous and proliferative
nephritis Cs is detected by immunofluorescence.
Classically reduced plasma levels of Cy are found

in poststreptococcal glomerulonephritis, the
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nephritis of systemic lupus erythematosus and in
subacute infective endocarditis. Persistently
low plasma levels of complement may be found in

membrano proliferative glomerulonephritis.

(ii) Coagulation Factors

a) Fibrin deposition is a feature in more severe
grades of proliferative nephritis in association
with crescent formation and is the stimulus to

proliferation.

b) Factor VIII antigen is not detectable by
immunofluorescence in crescents but is present
in the intraglomerular fibrin deposits suggest-
ing that fibrin deposition occurs as a result
of activation of extrinsic and intrinsic limbs

of coagulation system (Hoyer et al 1972).

In rabbits with anti-GBM nephritis anticoagulants
such as heparin or dicoumarol markedly decrease
crescent formation and protection of function

is provided (Vassalli and McCluskey 1964Db).

Hence this supports the suggestion that fibrin
stimulates proliferation. The exact mechanisms

of fibrin deposition are not understood.

c) Platelets

In man, platelets and polymorphs may release
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procoagulant substances. (Peters & Williams
1975). In addition, tissue injury resulting
in exposure of the GBM to plasma might lead to

direct activation of the coagulation system.

(iii) Polymorphs

Polymorphs are frequently seen in active proliferative
nephritis, but migrate in and out of the tuft.

Their absence therefore, does not mean that they

were not involved in the tissue injury at some

earlier stage.

Immunity and the Pathogenesis of Nephritis

The association of immune complex disease and
nephritis suggests that the development of these
diseases can be related to a failure of defence
mechanisms. Overt infection is not apparent but
the immune deficiency results in pasistence of

organisms and predisposes to immune complex disease.

(i) Complement Deficiency

As mentioned previously early complement components
are important in the defence against infection. The

failure of synthesis and deficiency of C, activator

3
are both associated with recurrent, life - threatening
infections. Hypocomplementaemia is associated with

mesangiocapillary glomerulonephritis (MCGN). This



TABLE VII

COMPLEMENT COMPONENT DEFICIENCIES AND GLOMERULAR LESIONS

Complement Component

Deficiency

Clr

C4

cz

Cl Inhibitor

Glomerular Lesion

Reference

Chronic glomerulo-

nephritis

Diffuse prolifer-

ative nephritis

Membranoprolifera-
tive glomerulo-

nephritis

Glomerulonephritis

(? type)

Pickering et al
1970

Jackson et al
1976

Holland et al
1972a

Peters & Lachman
1979
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is not simply due to the immune complex process

in the kidney, because hypocomplementaemia persists
after bilateral nephrectomy. Low complement,
partial lipodystrophy (PLD) (Peters et al 1973,
Peters and Williams 1974) and MCGN may occur in

the same patient, the PLD preceding the nephritis.
It is thought that the low complement precedes the
nephritis (Peters and Williams 1976) and there is
probably a group of apparently healthy individuals
with the same complement deficiency. A possible
explanation for the relationship between MCGN and
hypocomplementaemia is the increased susceptibility
to infection leading to immune complex nephritis.
Deficiencies of other complement components may

be associated with renal diseases. Table VII lists
the complement component deficiency and the glomerular

lesions.

(ii) Deficient Antibody Response

Certain strains of mice tend to produce antibody

of low affinity when immunised with antigens such
as human albumen (Soothill and Steward 1971).

These antigen-antibody complexes are poorly elim-
inated and would set the environment for the
development of immune complex disease (Alpers et al

1972).
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(iii) Deficient Cell Mediated Immunity

Deficient T cell function as a result of infection,
malnutrition or immunosuppressive drugs would allow
persistence of infections. There are T lymphocyte
suppressor cells which modulate and control anti-

body synthesis (Barthold et al 1974). Failure

of suppressor function could lead to overactivity

of antibody forming cells and hyperglobulinaemia.

Given above are some possible explanations for

the development of immune complex disease. Howevef,
what is really required is finer detailed studies

of immune mechanisms in nephritis in order to isolate
the crucial defect in immunity which may be subtle
and not detectable by present relatively crude

methods.

HLA typing may be important as genetic markers of
susceptibility or resistance to disease in the
nephrotic syndrome. A recent study (Alfiler et
al 1980) showed that the incidence of HLA - DRw7
was significently greater in steroid responsive

nephrotic than controls.

The most intriguing glomerulonephropathy is that of
minimal change. In this category are three types
of histological change accepted as part of the

diagnosis.
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1) fusion of foot processes only a feature of all
glomeruli that lose protein (Churg et al 1962,

Spiro 1959).

2) focal glomerular sclerosis of juxtamedullary

glomeruli initially but which can progress.
3) mesangial proliferation.

The significance of these changes is not understood
although circulating immune complexes have been
demonstrated in minimal change disease, (Levinsky
et al 1978) immunoglobulin and complement are not
usually demonstrated and in the focal-sclerosis

or mesangial-proliferative variations IgM, IgG and

C,; may be found (Folli et al 1958).

In spite of these very slender immunological
factors steroids and cyclophosphamide alter the
course of the severe proteinuria and induce
remission. Cyclophosphamide has been éhown to
alter the ultra-structural fusion of foot processes
to normal ultrastructure (Rathi et al 1979).

There may be several possible explanations for this

effect of cyclophosphamide. There is evidence of
T cell dysfunction in MCNS. (Shalhoub 1974,
Moorthy et al 1976). Altered cell mediated immunity

to kidney - derived antigens using the leucocyte -
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migration - inhibition test was demonstrated in

one study (Mallick et al 1972). Further support
for disturbance in cell mediated immunity came

from the demonstration of greater lymphotoxicity

of lymphocytes from those with minimal change than
either proliferative nephritis or controls (Eyres
et al 1976). Inhibition of lymphocyte blasto-
genesis by plasma of patients with minimal change
has also been shown (Moorthy et al 1976). Lymphocytes
cultured from patients with nephrotic syndrome
release a lymphokine factor which results in an
inflammatory response and enhances vascular permea-
bility so affecting GBM permeability (Larque et

al 1975).

Cyclophosphamide appears to be capable of controlling
all these aspects effectively; it has powerful
anti-inflammatory, immunosuppressive and lympho-
lytic action. It therefore may inhibit the
immunological reaction or suppress the release

of mediators of inflammation (Moncrief et al 1969).

A very important aspect of the use of cyclophos-
phamide in MCNS was the effect observed on suppressor
T cell function (Taube et al 1981). Patients
treated with cyclophosphamide and who had not
relapsed had significantly less suppressor T cell

function than controls or patients not treated with
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cyclophosphamide. Those not treated with
cyclophosphamide had suppressor T cells not very
different from normals. This implies that either
suppressor T cell disturbance is important in

the pathogenesis of MCNS or it is an effect of
cyclophosphamide therapy. Factors determining
improvement or progression of nephritis remain
unsolved. Why do some patients with APSGN
develop progressive renal disease? What induces
spontaneous remissions, in for example, membranous
nephropathy? Antimalarials do not result in
remission in patients with quartan malarial
nephrotic syndrome but control of infection in
bacterial endocarditis and syphilis results in

clinical improvement and remission.

1.4 Renal Biopsy

1.4.1 Introduction

In the early 1950's renal biopsy was reported as

a safe and relatively simple clinical procedure.
(Perez 1950, Iversen and Brun 1951). The first
report of the use in nephrotic children was in

1957 (Galan & Masd). The safety and value in both
clinical and research purposes has been firmly

established. (Dodge et al 1962). The safety
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of the procedure depends on careful selection of
pratients, pre and post-biopsy care and skill and
experience on the part of the doctor (Muehrcke &
Pirani 1975). It is a technique not to be recomm-

ended for general use (Dodge et al 1962).

Examination of renal tissue is the only certain way
of making an exact morphological evaluation of
diffuse renal disease in life. The information
obtained is then correlated with the clinical and
laboratory findings leading to a better under-
standing of the natural history and pathological
progression of disease. Insight into the
prognosis is gained along with an improvement in
management of renal diseases. Renal biopsies
therefore, play a major role in the diagnosis,

management and prognosis of renal disease.

The histological classification and definitions

used in this study have been discussed on page 24.

1.4.2 Immunofluorescence

The use of immunofluorescence (IF) has resulted
in considerable expansion of our understanding of
human glomerular diseases. Generally a diagnosis
of immune-complex disease is inferred by immuno-
fluorescent studies of kidney tissue (Berger et al

1971, McCluskey 1971, Michael et al 1971, Morel-
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Maroger et al 1972). Immunofluorescence depends
on the use of fluorochrome 1labelled antibodies
for detecting immunoglobulins, complement,
fibrinogen and specific antigens (e.g. Plasmodium
malarial) within the renal biopsy specimen.
Experimental studies indicate that about 5 ug of
diffuse linear IgG or 0.25 ug of discrete granular
antigen /g of renal tissue can be detected by the
immunofluorescence technique (Wilson and Dixon
1974) . The same technique can be used to detect
cell types such as T cells in the cellular
infiltrates seen in rejecting renal allografts.

It is possible to generalise with regard to the
quantities and pattern of deposition of immuno-
globulin classes, complement and fibrinogen on

the GBM or in the mesangium of the more frequently
observed histological forms of glomerulonephritis

(see table VvIII).

Besides providing evidence of immunoclogic mechanisms
the finding of fibrin suggests that coagulation is
involved in the pathogenesis of glomerular disease.
Correlation of histology and immunofluorescence is
useful as it provides a guide to prognosis and
evaluation of therapy. In certain conditions the

IF findings are highly characteristic if not entirely

pathognomonic (McCluskey, 1971). The technique is



TABLE VIII

GENERALISATIONS REGARDING IMMUNOFLUORESCENCE FINDINGS
IN PRESUMED IMMUNE COMPLEX AND MINIMAL CHANGE FORMS
OF GLOMERULONEPHRITIS (GN)

Morphologic classification

Immunofluorescence findings

Proliferative GN
Diffuse proliferative GN,
including PSGN.

Diffuse proliferative GN
with crescent formation.

Focal proliferative GN

Membranous GN

Membranoproliferative GN

Focal sclerosing GN

Chronic GN

Minimal change GN

IgG, C3 with variable amounts of
IgA and IgM in diffuse granular
deposits. FRA variable, IgA
and Clq unusually abundant in
SLE. In PSGN, C3 is prominent,
sometimes without Ig.

As above, with prominent FRA in
areas of crescents.

IgG and often striking IgA or
IgM and C3 along segments of
GBM and/or in the mesangium.
FRA"prominent in Henoch-
Schonlein purpura.

Prominent IgG, C3 with variable
amounts of IgA, IgM in a diffuse
granular pattern outlining the
GBM. FRA variable. IgA, Clg
prominent in SLE.

Granular deposits of IgG, variable
IgM, 1IgA in two-thirds with
heavy C3 in the GBM of expanded
glomerular capillary loops.

FRA variable.

IgG, IgM, C3 may be present in
granular deposits in areas of
sclerosis.,

IgG, IgA, IgM variably present in
remnants of GBM and mesangium.
C3 often present even in absence
of Ig. FRA variable.

Negative immunofluorescence findings.

Abbreviations: FRA = fibrinogen-related antigens

SLE
PSGN

systemic lupus erythematosus
poststreptococcal glomerulonephritis
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not essential but an important supporting
investigation, particularly if electron micro-
scopy 1s not available. For example, the
difference between MCNS and early membranous
nephropathy may not be easily distinguishable on
light microscopy. Membranous nephropathy will
demonstrate granular deposits of IgG whereas in
MCNS there will be no deposits as a general rule.
The major importance of differentiating between
these 2 diagnoses is from the point of view of
management. MCNS is sensitive to steroids, while
membranous nephropathy is not. Other diseases
which have consistent patterns on immunofluorescence
are IgA glomerulonephritis, (Berger 1969) mesangial
proliferation with mainly IgM deposition, focal
glomerular sclerosis (IgM, C3) (Morel-Maroger et

al 1972) and fibrinogen in rapidly progressive
glomerulonephritis with epithelial crescents

(Morel-Maroger et al 1972).

More recently interest in immune processes which
may result in injury to tubular and interstitial
structures has developed (Mcéluskey and Klaasen
1973). This may be associated with anti-GBM
disease (Lerner et al 1967) or as a primary
disease (McCluskey and Klaasen 1973). Tubular

damage and interstitial inflammation or fibrosis
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may be associated with glomerular lesions. However,
there are cases of unexplained, tubulointerstitial
disease without glomerular disease which are often
diagnosed as chronic pyelonephritis. Evidence

for bacterial infection is often lacking (McCluskey
& Klaasen 1973). It is thought that some of

these lesions may be immunologically mediated.

In about 75% of patients with SLE their biopsies
demonstrate granular deposits of immunoglobulin
and complement in the TBM, peritubular capillaries
and/or interstitium (Wilson and Dixon 1973). In
experimental serum sickness antigen antibody and
complement have been detected in similar sites

suggesting immune complex disease.

The technique of immunofluorescence was established
in 1974 at Natal University Medical School and
almost all renal biopsies since that time have

been examined by this technique.

1l.4.3 Electron Microscopy

As discussed previously, the safety of percutaneous
renal biopsy has provided a means of classifying
renal disease, improving our understanding of
underlying disease processes, elucidating the
natural history of kidney disease and providing a

guide to management. The histopathological
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features on biopsy remain the single most important
criterion for classification. Electron microscopy
(EM) provides for more precise evaluation of histo-
patholotical change that is not possible by light
microscopy alone. Initially there was some doubt
as to the value of electron microscopy as a routine
procedure. In one study (Muehrcke et al 1969) it
was thought that ultrastructural evaluation assisted
in only 6% of cases studied. Electron microscopy
was not regarded as important in the confirmation

of the histological diagnosis.

However, in 1957 Farqgquhar described the usefulness
of EM in children. 1In children with familial
nephrosis the clinical, histological and EM
features were examined. Although there was marked
variation on clinical presentation and differing
histological changes EM examination clarified the

basic pathological changes.

Later another study demonstrated that routine electron
microscopy proved to be of greatest value in the
differential diagnosis of the nephrotic syndrome
(Tighe and Jones, 1970). Four of the 12 patients
diagnosed as membranous on EM were diagnosed as
minimal change on LM. These children had failed

to respond to steroids. Whereas only 1 of the 9

children diagnosed as minimal change on EM failed
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to respond to steroids and had less selectiVe
proteinuria. Another study (Seigel et al 1973)
found that the additional information obtained by
ultrastructural studies was of value in nearly 50%
of cases examined by light and electron microscopy.
These workers also pointed out as it is not possible
to predict in which patients electron microscopic
examination of renal tissue would be of most benefit,
it should be used as a routine procedure. The
risk of examining inadequate and unrepresentative
samples of the biopsy is greater than with light
microscopy. However, the greater precision
obtained by EM in the classification of renal
disease and the fine structural changes observed

in repeat biopsies outweigh this disadvantage.

The question of cost and time involved could be
partly overcome by centralising, such a service
having well trained personnel and strict criteria

for the procedure.

There is no question as to the role electron
microscopy has to play in glomerular disease. It
has, along with improvements in histological tech-
niques and immunofluorescence, contributed to
histopathological classification, pathogenesis of

disease processes and changes following therapy.
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Electron microscopy is therefore a vital part of

the study of renal tissue.

In certain histological categories of nephrotic
syndrome classical changes are observed on ultra-
structural examination of renal tissue. A brief
description of these changes in relevant histological

groups are given below: (Spargo & Seymour 1979).

Electron Microscopic Changes in the Nephrotic Syndrome

Minimal Change

Foot process obliteration, coalescence of epithelial
cytoplasm over basement membrane. No cellular

proliferation except mild mesangial excess.

Focal Glomerular Sclerosis

Folding, collapse, coalescence of capillary loops,
masses of acellular and convoluted basement membrane
results. Masses of granular deposits may be seen
in these segments (correspond to hyalinosis on LM
and presence of IgM C3 on IF (Jenis et al 1974)
obliteration of foot process, focal degeneration

of epithelial cells (Grishman and Churg 1975).

Membranous Neohropathy

Discrete deposits between membrane and epithelial

cell. Epithelial foot processes obliterated.
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Spikes of new membrane are formed between the
deposits. Larger spikes fuse over the surface of
the deposits incorporating them into the greatly
thickened membrane. The membrane then appears
moth-eaten. Progressive sclerosis decreasing
vascularity occurs producing an avascular mass of
wrinkled and thickened basement membrane.

(Ehrenreich and Churg 1968).

Rapidly Progressive Glomerulonephritis

The fibrin identified on immunofluorescence appears
between large, active cells which often contain
dense lyzosomes and ingested fibrin. Crescentic
cells have been thought to originate from parietal
epithelium but apparent continuity between both
parietal and visceral epithelium and the crescents
can often be seen. Breaks can be demonstrated
in the glomerular basement membrane (Stejskal et al
1973) and probably provide the source of entry for
the white cells and fibrin. Granular deposits
may or may not be seen depending on the cause of

the nephritis.

Mesangiocapillary Glomerulonephritis

This is essentially a morphological diagnosis (West

1976) . On light microscopy there is mesangial
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proliferation and sclerosis associated with
thickening of the capillary walls. This
thickening may be clearly divided into 2 groups
(Habib et al 1973b). The first group is the
"double contour" easily recognised on L.M.

The thickening is due to the interpositions of
mesangial cytoplasm and matrix between endothelium
and basement membrane. The "double contour" is
the result of staining of both the original membrane
and the interposed material. This group is always
associated with subendothelial deposits. In the
second group the capillary wall is thickened by
abnormal dense material within the basement
membrane. Mesangial interposition is not always
present. The nature of this dense material is
thought to be a modification of membrane structure
rather than extraneous deposits (Galle and Mahieu
1975). Other less well defined patterns may be
observed on EM such as subepithelial humps and

crescents in both forms.

OBJECTIVES AND PILOT STUDY

2.1 Objectives of Study

Clinicians in the late 1960's and early 1970's who
looked after children with the nephrotic syndrome
in Durban observed that the African child did not

appear to respond to steroids. This was quite
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unlike the experience of steroid-sensitive nephrotic
syndrome in Caucasian children. Little was known
about the nephrotic syndrome in Indian South
African children. The most interesting aspect of
childhood nephrotic syndrome in Africa at that time
was the association of malaria with this disease in
Uganda (Kibukamusoke et al 1967). There was little
documented evidence of the features of nephrotic
syndrome in childhood in Africa outside of the
tropical and malarial infested zones. It there-
fore became necessary to establish the histological
picture, treatment responses and natural history

of the nephrotic syndrome among African and Indian

children in South Africa.

Accordingly I have undertaken to investigate as
fully as possible, within the constraints of the
facilities available, African and Indian children
admitted to the Department of Paediatrics and
Child Health with the nephrotic syndrome. In
particular I have recorded clinical details, made
an attempt to determine aetiology, performed renal
biopsies and tried to follow-up patients after

discharge.

2.2 Pilot Study

Nonbiopsied Nephrotics

A total of 53 patients were diagnosed as nephrotic
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syndrome clinically and biochemically.

Renal

biopsies could not be obtained on these patients.

a) Race, Number, Age, Sex
Race N Peak Age M
African - 12 >5 (66.6%) 6
Indian - 41 <5 (48.8%) 22
b) Follow-up Duration
African patients 1 to 20 months
Indian patients 5 to 144 months
c) Therapy
(1) Steroid Therapy
Number Treated Response
+ - *
African 1 (11.1%) 8 0
Indian 39 31 (79.4%) 1 7
+ = good response
- = no response
+ = equivocal response
(11) Cyclophosphamide

5 Indian patients:

3 frequent relapsers,

1 with severe steroid toxicity and 1 steroid

insensitive patient were given cyclophosphamide.

4 patients responded
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d) Outcome
(i) African

7 persistent proteinuria

1 remission with steroids

1 spontaneous remission (failed steroid
therapy)

3 lost to follow-up

(1i) Indian

single episodes in 13 patients
two episodes in 13 patients
multiple (infrequent episodes in 4 patients

frequent relapses in 3 patients

The patient who did not respond to steroids and

cyclophosphamide remitted spontaneously.

Those patients (7) described as having a doubtful
response to steroids fluctuated between remission

and persistent proteinuria.

Conclusion

This study of unbiopsied children with nephrotic
syndrome confirms the general findings described
for biopsied patients. The majority of African
children treated did not respond to steroids whereas

the majority of Indian children responded to steroids.
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Most of the African children remained proteinuric
while the majority of Indian children achieved
remissions. Those Indian children who were

frequent relapsers responded well to cyclophosphamide

therapy.

PATIENTS AND METHODS

Between 1966 and 1980, 243 children with the

nephrotic syndrome attended King Edward VIII Hospital,
Durban. One hundred and seventy had renal biopsies
performed. The majority of these patients were
admitted directly to the hospital from the out-
patient department. Others were referred for

biopsy from peripheral hospitals.

1. Diagnostic Criteria

The diagnostic criteria for the nephrotic syndrome

were:

1. Oedema

2. Hypoalbuminaemia (<30 gms/L)

3. Heavy proteinuria ( 2 gm/m2/24 hrs or >3
gm/L on repeated random samples) (Drummond
1979)

4, Additional criteria: hyperlipidaemia and

raised alpha 2 globulin.
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2. Investigations

Investigations were undertaken to confirm the
biochemical profile of nephrotic syndrome and to
exclude possible secondary causes of the disease.
The following investigations were undertaken in all

patients on admission and later when indicated.

urinalysis and culture - 24 hour urinary protein excretion
stools for microscopy and culture - urea and electrolytes
serum protein electrophresis - serum cholesterol

full blood count including - a smear for malarial parasites
complement components - antistreptolysin "O" titre

chest x-ray - excretory urogram

renal biopsy

Excretory urograms are done routinely to demonstrate
two functioning kidneys and to exclude any congenital

anomalies prior to performing a renal biopsy.

Many patients had the following investigations
undertaken as well: Wasserman reaction, selectivity
of proteinuria either as selective excretion of IgG
and transferrin expressed as a ratio (Cameron &
Blandford, 1966) or IgG/albumin clearance percentage
(Barratt & McCaulay 1972). Glomerular filtration
rate (Cr (51) EDTA), antinuclear factor, LE cells,
hepatitis B surface antigen, bilharzia complement

fixation test.
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Methods

1. IgG and Transferrin

Serum and urine levels of IgG, and transferrin
were determined by radial immuno-diffusion

(Behringwerke) .

2. Complement

Haemolytic complement was assayed by the method
of Mayer (1964) using sheep red blood cells
stored at 4°C and rabbit haemolytic serum.
Complement components C3, C4 were estimated in
plasma by radial immuno-diffusion (Mancini et

al 1965).

3. Selectivity of Proteinuria

Selectivity of proteinuria was determined by

the method of Cameron and Blandford (1966).

The selective excretion of albumin and transferrin
is expressed as a ratio. Selective proteinuria
is the slight clearance of proteins of high
molecular weight but increased clearance of
protein of low molecular weight. In non-
selective proteinuria the clearance of high
molecular weight approaches that of low mole-
cular weight proteins. Selective proteinuria
is a ratio <0.2 and non-selective proteinuria

a ratio >0.2.
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The ratio is of the two clearances and is

calculated as follows:

= IgG x P Transferrin
P u
u - urine P - plasma

Actual volumes of urine are not necessary.

4, Glomerular Filtration Rate (GFR)

The GFR is determined by the single injection
Chromium (5lCcr)-EDTA technique (Chantler et

al 1969). This method depends upon the
clearance rate of the injected substance and
does not depend on complete urine collection
which is always difficult and often impossible
in children. The blood samples are collected
2 hours apart commencing 1 hour after the
intravenous injection. The difference in the
radio-activity counts between the samples
enables the determination of the fractional

clearance rate.

The actual GFR in children is calculated by
2 methods; firstly a simple weight ratio or

secondly the surface area.

5. Renal Biopsy

Technique of Renal Biopsy
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There are two difficulties associated with

renal biopsy.

a) Locating the kidney
b) Obtaining an adequate representative sample

from a narrow cortex.

Initially we localised the kidney by using a
grid overlying an excretory urogram. The
lower outer pole of the left kidney usually

was marked. More recently ultrasonogram
localised the outer lower pole and the depth

of the kidney from the surface of the patient's

back.

In addition landmarks used were the lumbar
vertebral spinous processes, the iliac crest,
twelfth rib, the guadratus lumborum and the

spinal extensor muscles.

A complete aseptic technique with gowns, masks
and gloves was used to obtain biopsy material.
The skin was disinfected using chlorhexidine

in alcohol and savlon. A 6 inch long 16 gauge
needle was first used to locate the kidney
depth after local anaesthetic was infiltrated
or the general anaesthetic had been induced.

The patient inspired or was held in inspiration

by the anaesthetist while the exploring needle
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was advanced through the soft tissues of the
back till resistance of the renal capsule was
encountered. The patient was requested to
breathe in and out. The kidney depth was
recognised when the needle oscillated with
respiration. The needle was then withdrawn
and the depth of the kidney noted on the needle
at the skin surface. This distance was marked
on the biopsy needle. The biopsy needle used
was the modified Vim Silverman disposable needle,
the Tru-cut biopsy needle (Kaplan et al 1970).
Any difficulty encountered while localising

the kidney was overcome by using direct
fluoroscopy. The biopsy material was removed
by sterile forceps and cut on dental wax into

3 sections for:

a) 1light microscopy and placed in Bouin's solution
b) electron microscopy in 4% glutaraldehyde
c¢) immunofluorescence on a glass slide in a

petri dish and snap frozen within 15-30

mins in liquid nitrogen.

If necessary a second biopsy specimen was

obtained.

The biopsy area was cleaned and covered with

collodion and a pressure dressing applied.
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The patient was kept in bed for 24 hours after
the procedure. The blood pressure and pulse
monitored, the urine checked for haematuria,
and the abdomen observed for tenderness,

guarding or a mass.

Indications for Biopsy

All African patients with nephrotic syndrome were
biopsied. All Indian children with nephrotic
syndrome were biopsied in the early part of

the study until it became clear that the
majority had minimal change and were steroid
sensitive. Indian patients presenting with
pure nephrotic syndrome or nephrotic syndrome
and haematuria were thereafter not biopsied
until the effects of course of steroids and/or
cyclophosphamide could be assessed. Failure
to respond to specific drug therapy, persistent
haematuria, uraemia and the development of
hypertension were regarded as indications for

biopsy in Indian children.

Informed consent was obtained from all parents.
Biopsies were performed if the urea was under
10 m.mol/L, the blood pressure was controlled
or normal, bleeding and clotting times within
normal values. Excretory urograms were

performed on all patients to exclude congenital
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anomalies in particular the solitary kidney
and to examine the size and morphology of the

kidneys.

The procedure was explained to the older child
and deep breathing with holding of the breath
at the height of inspiration encouraged. The
patient was placed prone with a firm pillow
under the abdomen to fix the kidney against
the back tissue. Initially local anaesthetic
(10 = 20 mls 1% lignocaine) was injected in
the area chosen for biopsy. Pethidine 1 mg/
kg i.m. was given half hour before the
procedure because many patients were very
apprehensive and unco-operative. More
recently general anaesthesia was found to be
more satisfactory. Muscle relaxants were not

used (White 1963).

Handling of Biopsy Tissue

Interpretation of light microscopic findings
proved initially to be a great problem. The
specimens were therefore sent to Dr. Lillian
Morel-Maroger in Paris. Currently the Depart-
ment of Pathology, under a new head, has been
able to provide a reasonably good service with

regard to interpretation of renal biopsies.
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Light microscopy sections 3-4 u thick were stained
with haematoxylin and eosin, silver methanamine,
Masson's trichrome and Periodic Acid Schiff.
Tissue for immunofluorescence study was snap
frozen in liquid nitrogen and sectioned at 4 u.
Sections were incubated with commercially obtained
FITC (Hoechst) antiserum to complement (C3) and
fibrin/fibrinogen and FITC (Burroughs Wellcome)
antiserum to IgG, IgM, IgA and IgE for 30 minutes
at room temperature. Sections were screened in

a Leitz Ortholux microscope employing an HBO 200
lamp with a BG 38 primary filter and K530 barrier

filter.

Immunofluorescent techniques have been available
for the past 5 years only. Interpretation of
immunofluorescent findings has been limited to the
findings on the GBM and not much attention has been
paid to tubular and vascular immunofluorescence.

This is to be done.

Specimens for electron microscopy were fixed in
cold 4% gluteraldehyde in 0,2 m cacodylate
buffer (pH 7,2) for 6 hours at 4°C. The tissue
was then washed 3 times in cacodylate buffer
followed by a Palade's buffer, dehydrated
through graded alcohols and placed in araldyte

epoxy resin overnight. The next day the tissue
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was placed in the oven at 50°C for two hours
then embedded in B.E.E.M. capsules. The
tissue was stained with 2% uronyl acetate for
4 minutes and 2% lead citrate for 4 minutes.
Sections were read on a J.E.O.L. 1005 electron

microscope.

Facilities for this service became available

only very recently.

6. Definitions

The following definitions for the clinical
outcome of the nephrotic syndrome were used:
'relapse' was defined as the presence of the
three diagnostic features of the nephrotic
syndrome; ‘'remission' was the absence of all
criteria while not on any specific drug therapy
and 'persistent proteinuria' was the loss of
oedema with proteinuria >1 gm/1/24 hours.
'Frequent relapsers' were those patients who
experienced 3 or more relapses in 1 year or 2
such episodes in 6 months (Abramowicz et al

1970).
Drugs
7. The following drugs were used where

indicated.



83

1) Diuretics

(1) Chlorothiazide 20 mgs/day in 2 doses

(11) Cyclopenthiazide 1-2 tabs daily

(iii) Furosemide 1 mg/kg/dose intravenously
(iv) Spironolactone 2 mg/kg/day in 3 or 4 doses
(v) Hydrochlorothiazide (25 mgs) and

Triamterene (50 mgs) 1 or 2 tablets daily.

2. Immunosuppressive Agents

(1) Prednisone 2 mgs/kg/day for 4 weeks, the
dosage was then gradually reduced over
a further 8 weeks and discontinued.

(ii) Cyclophosphamide 3 mgs/kg/day for 8
weeks. The blood count was monitored
weekly in these patients.

(iii) Chlorambucil 0,1-0,2 mg/kg/day for 8
weeks. This drug was given after a
steroid-induced remission. The blood
count was monitored weekly in these

patients.

3) Antihypertensive Agents

(i) Reserpine 0.1-0,5 mgs/day as a single
daily dose.
(ii) Hydrallazine 7.5 mgs/m2/4 times a day.

(iii) Alphamethyldopa 10-60 mgs/kg/day/4 times

a day.
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Propranalol 1 mg/kg/day/3 times a day.

Diazoxide 5-20 mgs/kg/day.

4) Antibiotics

The choice obviously depended on the nature of

the suspected infection.

(1)

(11)

(iii)

For suspected gram positive infections

(in particular pneumococcal) :-

Soluble Penicillin ~1/4-1/2 m units 6
hourly intramuscularly or intravenously
was commenced till confirmatory labora-
tory reports were available,

For suspected gram negative infections:
Gentamycin 5 mgs/kg/day in 3 divided
doses.

While awaiting the results of culture
and sensitivity in urinary tract
infections (UTI): Nitrofurantoin

5-10 mgs/kg/day in 3 to 4 doses. The
acute infection was treated for 10-14
days. Repeat cultures of urine were
obtained between 48-72 hours following
the commencement of therapy and once
therapy was completed. A few more
samples were checked over the next 6

months.
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Recurrent UTI or those associated with
urinary tract anomalies were treated
prophylactically for 6 months on low
dosage Nitrofurantoin 1-2 mgs/kg/day.

(iv) For tuberculosis the following oral
drugs were used: Isoniazid 20 mgs/kg/
24 hours as a single daily dose;
Ethionamide 10-20 mgs/kg/23 hours in
2-3 divided dose; Ethambutol 20 mgs/kg/

24 hours as a single daily dose.

8. Management of Patients on Admission

All patients were assessed clinically by myself.

1. The following clinical parameters were

monitored:

a) Weight - daily to assess oedema loss or gain
measured.

b) If the blood pressure was elevated it was

monitored 4 - 6 hourly till normotensive.
¢) Renal function was assessed regularly by

measuring the:

(1) blood urea and electrolytes, serum
creatinine

(ii) daily urine output, examination for
the presence of proteinuria and

haematuria.
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2. A high protein diet 3 - 4 gms/kg/day was
generally recommended unless the patient

was severely uraemic.

3. Salt restriction (40-80 mg) was recommended
only in exceptional cases when there was a
great deal of difficulty experienced in

controlling the oedema.

4. 1Infections, in particular urinary tract,
pneumococcal and tuberculosis were actively
anticipated and vigorously treated when

confirmed.

9. Follow-up Period

Once the patient's symptoms were controlled in
the Paediatric wards they were discharged and
given a letter to attend the Paediatric Renal
Clinic. The African patients were generally
discharged on diuretics and the Indian patients

on Steroids.

The patients attended the Renal Clinic
approximately at monthly intervals until remission
was achieved or their symptoms (e.g. oedema) were
well controlled. The visits were then requested
at 3 monthly or 6 monthly intervals. Those

children who achieved remission and appeared



87

to maintain their clinical condition were then
requested to attend during the school holidays

at yearly intervals.

Attempts were made to keep careful records of
adresses and when a patient was noted not to
have attended the clinic for some time, a

letter was sent to the parents requesting a
visit to the clinic. These patients did not
pay for the hospital visit and their travel fare

was compensated.

Unfortunately many African patients live in
rural areas and addresses are inaccurate (e.g.
local store, school or headman). Most of
these patients could not be called to the clinic.
The distance from hospital, poor transport
facilities and cost of transport compounded the

difficulties for the African child.

Those patients who were referred from other
hogpitals were sent back with request to be seen
at 3-6 montly intervals. Similar difficulties
were encountered with repeat visits if these

patients lived outside of urban limits.

10. Records

A set of forms for keeping both inpatient and

outpatient data was drawn up.
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For the initial presentation and
investigations a form detailing relevant

information (Form 1) was completed.

The data obtained at visits during the
period of observation were recorded on

a sheet (Form 2) indicating serial changes
in the clinical condition, biochemical
parameters, tests of renal function and
treatment. Generally one sheet served

for one year of observation.

Height and weight were recorded on the
standard Harvard centile charts (Forms 3

and 4).

All the forms were placed in a large
envelope with the patient's name, inpatient
number and a clinic number. The names were
recorded in a book in alphabetical order

and the relevant clinic number recorded

as a cross reference. Any patient attend-
ing the clinic would then have his or her
name listed alphabetically together with

the clinic number which referred to the
envelope containing all relevant clinical

and laboratory investigations.
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4, PRIMARY NEPHROTIC SYNDROME

Overall results of African and

Indian patients studied.
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4.1 Race, Age, Sex

A total of 170 nevhrotic children were studied, 104

were African and 66 were Indian. Seventy African
(67%) and 42 (63.6%) Indians were males. The age
distribution is shown in figure 7. The maximum

age of incidence for the Indian children was 4
years (52.0% presented at 5 years of age or less)
whereas African children were grouped around two
peaks, one at 5 years and another between the ages

of 8 and 10 years.

4.2 Incidence, Histology, Immunofluorescence

The incidence of the nephrotic syndrome was 0.17%

of the total paediatric admissions during the period
of study. Ninety-nine (85.6%) of the African
children had_obvious glomerular lesions (see

table IX) in contrast to the majority, (48) (72.7%)
of Indian children who had minimal change on light
microscopy. The commonest lesion in the African
child was extramembranous nephropathy while next in
frequency were the subgroups of proliferative

nephritis.

The immunofluorescent findings in each histological
group are shown in Table X. A comparison between
Indians and Africans shows that in general heavier

deposits were detected in African children.
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TABLE IX

HISTOLOGICAL CATEGORIES OF NEPHROTIC SYNDROME IN AFRICAN AND INDIAN
CHILDREN IN SOUTH AFRICA

AFRICAN INDIAN
N z X 4

NO OBVIOQUS LESIONS
Minimal Change 15 14.4 48 72.7
OBVIOUS GLOMERULAR LESIONS
1. Extramembranous 31 29.8 2 3.1
2. Proliferative 42 - 40.4 8 12.1

a) Mesangial 7 6.7 4 6.2

b) Exudative 9 38.7 1 1.5

c¢) Endocapillary 7 6.7 0

d) Membranoproliferative 9 8.7 2 3.1

e) TFocal 10 9.6 1 1.5
3. Focal Glomerulosclerosis 4 3.9 6 9.1
4, Tropical Extramembranous 6 5.8 -0
5. Tropical Nephropathy 2 1.9 1 1.5
6. Unclassified 4 3.8 1 1.5

104 100.0 66 100.0




TABLE X

IMMUNOFLUORESCENT DEPOSITS IN EACH HISTOLOGICAL GROUP
HISTOLOGICAL GROUP N Ig6 IgM  IgaA cc
NO OBVIQUS LESIONS
Minimal Change I 13 +
(8 African, 23 Indians A 5 +++ + + +
no deposits) others not
investigated
OBVIOUS GLOMERULAR LESIONS
1. Extramembranous I 0
A 21 + +++ + +
2. Proliferative
Mesangial I 3 + + - +
A 5 ++ +4 - ++
Exudative I 0 - - - -
A +++ +4+ + +++
Endocapillary I 0 - - - -
A +++ ++ ++ 44+
Membranoproliferative I 0 - - - -
A ++ ++ ++ +4
Focal I 1 - +
A 9 ++ ++ ++ ++
3. Focal Glomerulosclerosis I 4 - + - +
A 3 - ++ ++ +
4., Tropical Extramembranous I 0 - - - -
A ++4 ++ + +++
5. Tropical Nephrcpathy 1 + - - +
A 2 ++ ++ - ++
6. Unclassified I 0 - - - -
A 1 - - - +++
+ Light deposits I = Indian
++ Moderate deposits A = African
+++  Heavy deposits
cc Complement components (C3 C4 Cig)
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4.3 Clinical Features at Presentation

The clinical features of the African children are
presented in table XI and those of the Indian

children in table XII.

(1) African Children - clinical features at

presentation:

Age - 51.9% of all the African children
presented over the age of 8 years. (Fig. 7)
Sex - Males either dominated or were equal
in numbers to the females in all
histological groups.
Haematuria - occurred in nearly all the
histological groups

- an overall incidence of 35.5%

Hypertension - occurred in nearly all the
histological groups
- an overall incidence of 16.3%
Renal fajilure - an uncommon feature at
presentation
- an overall incidence of 2.9%
(2) Indian Children - clinical features at
presentation:

Age - 52% MCNS presented at 5 years of age or



TABLE XI

SOME CLINICAL FEATURES AT PRESENTATION IN AFRICAN CHILDREN WITH
NEPHROTIC SYNDROME

HISTOLOGICAL GROUP PEAK SEX HPT HAEM R.F.
AGE-YRS % Z Z
Minimal Change >5 M>F 0 27 0
Extramembranous >5 M>F 20 47 0
Proliferative:
Mesangial <5 =F 50 28.5 0
Exudative >5 =F 22.2 44.4 0
Endocapillary >5 =F 28.6 28.6 0
Membranoproliferative <5 M>F 10 33 10
Focal >5 =F 20 40 0
Focal Glomerusclerosis >5 M>F 25 0 0

Tropical Extramembranous >5 M>F 0 0 0



TABLE XII

SOME CLINICAL FEATURES AT PRESENTATION IN INDIAN CHILDREN WITH

NEPHROTIC SYNDROME

HISTOLOGICAL GROUP

Minimal Change

Extramembranous

Proliferative
Mesangial
Exudative, Endocapillary
Membranoproliferative

Focal

Focal Glomerulosclerosis

Tropical Nephropathy

Unclassified

|=

48

Mean 7.5

13

N
Nl—
-

[0 o]

10

Mean 5.9

Sex HPT Haem R.F.
M>F 0 2 0
M 0 1 6]
M<F 0] 0] 0]
M 0 0 0
=F 0 0 0]
F 0 (0] 0]
=F 1 3 1
M 1 0] 0
M 0 1 0
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younger 27% of the other histological
groups presented at this age. (Fig. 7).
Sex - Males dominated in MCNS

Equal sex distribution in other groups.

Haematuria - 2 (3%) in MCNS
7 (10.7%) in other groups
Hypertension = 2 (3.0%) in other histological
groups
Renal failure - 1 (1.5%) in other histological

groups.

Outcome
(i) African

The clinical course and outcome of patients
over a period of observation, varying from 6
months to 10 years is presented in figure 8

It can be seen that the prognosis was fair
among children with minimal changé, membranous,
mesangial proliferative and exudative prolif-
erative. Remissions occurred in some of the
children in these groups. Twenty percent
of the minimal change group experienced

remissions and multiple relapses.

The overall prognosis in the other groups was

less favourable, the majority either remaining



Percentage

Figure 8

CLINICAL COURSE IN AFRICAN CHILDREN WITH NEPHROTIC SYNDROME
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proteinuricor in relapse, and a few patients

dying.

Since writing these results one patient has

died in the endocapillary group.

(ii) Indian

The clinical course of Indian children with
MCNS is shown in figure 9 and that in the
other histological categories is shown in
figure 10. Although the numbers are small it
can be seen that in each histological category
(except the unclassified group) some patients

did achieve remission.

4.5 Associated Infections and Other Complications

Infections regarded as serious were septicaemia,
peritonitis, urinary tract infection, meningitis,

arthritis, osteitis, measles and chickenpox.

(i) African (Table XITII)

Nine (8.7%) patients had serious infections.
Nineteen (18.2%) had less severe infections.
Parasitic infestations of the bowel occurred

in the majority of patients. Two patients

had cirrhosis of the liver (cryptogenic), one

of whom died in combined hepatic and renal
failure. Another patient had neurofibromatosis

and a fourth was an asthmatic. (Table XIV).
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TABLE XIII

ASSOCIATED INFECTIONS IN AFRICAN NEPHROTICS

INFECTION

Septicaemia

Peritonitis

Urinary Tract
Infection

(E.Coli plus
Klebsiella
pneumoniae)

Tuberculosis

Abscesses

Cellulitis

Measles

1=z

T

AFRICAN NEPHROTICS

Histology

Comment

MPGN
FPGN
TEM

FGS

EM
FPGN

EM

DE

FGS

EM

MPGN

FPGN
MPGN
MPGN

DE

Endo

EM

E.Coli (terminally)
Klebsiella pneumoniae

Klebsiella pneumoniae
plus Salmonella

E.Coli
(None of the patients
were on treatment)

E.Coli plus pneumococcal

Klebsiella pneumoniae

Pulmonary calcified hilar
glands

Lymphadenitis of pelvis
and groin

Pulmonary tuberculosis
Pulmonary tuberculosis

Heaf grade IV and hilar
glands

Pulmonary tuberculosis

Skin abscesses

Foot

In relapse (not on S)



INFECTION

Chickenpox

Hepatic bilharzia

Herpes simplex

S.haematobium

S.mansoni

S.typhimurium
enteritis

Shigella dysentry

HBgAg

Syphilis

H O R W o

TABLE XIII

(continued)

AFRICAN NEPHROTICS

Histology

Comment

EM

EM
DE

MPGN

FPGN
EM

FPGN

EM

MPGN
DMP

Endo
DE
DE

TN

EM
MCNS

In relapse

Terminally associated
with gram negative
septicaemia

All carriers

Acute hepatitis carrier
3% years

Died in renal failure

Wasserman positive

Wasserman positive



TABLE XIV

ASSOCIATED DISEASES IN AFRICAN NEPHROTICS

AFRICAN NEPHROTICS

N Histology Comment

Cirrhosis 1 MPGN Died in hepatic and

renal failure

1 Endo Portal hypertension,

severe ascites

Asthmatic 1 FPGN

Neurofibromatosis 1 Endo Associated short

stature



(ii)
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Indian (Table XV)

Altogether 25 (37.8%) patients had associated
infections. Twenty—-two (45.8%) patients with
MCNS had infective complications. Seventeen
(25.7%) had serious infections including 1

child with meningitis resulting in death.

12 patients were on steroids or cyclophosphamide

at the time of their infection.

Anomalies

3 patients (2 African and 1 Indian) had associated

anomalies of the urinary tract. These were an

ectopic right kidney and a duplex right ureter in

the African children and gross vesicoureteric reflux

associated with pyelonephritis in the Indian child.

4.7

Treatment and Drug Complications

See Table XVI for treatment response.

(1)

African

Steroids

32 African children were treated.
30 (93.75%) did not respond. 2 children
(1 MCNS, 1 EM) responded.
3 children (1 TN, 1 FGS, 1 FPGN) deteriorated,

2 (TN, FGS) died during steroid therapy.

Cyclophosphamide

4 children were treated (2 MCNS, 1 MPGN, 1 FGS).



INFECTION

Septicaemia

Meningitis

Peritonitis

Urinary Tract
Infection

Osteitis

Pumonary
tuberculosis

Arthritis

Abscesses

URTI

TABLE XV

INDIAN NEPHROTICS

Histology

Comment

MCNS

MCNS

EM

MCNS

MPGN

TN

MCNS

UNC

MPGN

MCNS

MCNS

MCNS

MPGN

MCNS

1 Haemophilus influenza, not
1 E.Coli (on S)

Meningitis both on S
organisms not known

Klebsiella pneumoniae

Pyelonephritis, vesico

ureteric reflux -

nephrectomy

(2 E.Coli, 3 Klebsiella

pneumoniae)

Klebsiella pneumoniae

Septic on E

Pneumococcal pelvic

abscess on S.

Klebsiella pneumoniae

Later

buttock abscess in

remission.

Recurrent infections

2 associated diarrhoea
1 associated amoebic

dysentery.

on S.



INFECTION

Measles

Chickenpox

Herpes Zoster

Oral moniliasis

1

1

TABLE XV

(continued)

INDIAN NEPHROTICS

2 on S - 1 single
episode, 1 relapsed
subsequently; 1 on E.

Not on treatment

2 on steroids (1
haemorrhagic)

1l remitted permanently

l relapsed frequently

1l was not on steroids
remitted (single episode)
2 others relapsed
subsequently (frequent

Histology Comment
MCNS
FGS
MCNS
relapses).
MCNS On E
MCNS

Associated with S therapy
and gross S toxicity



TABLE

XVl

DRUG THERAPY RESPONSE IN AFRICAN AND INDIAN

CHILDREN WITH NEPHROTIC SYNDROME

Steroids Cyclophosphamide
Histological Group N + - + N + - +
Minimal Change A 6 1 5 2 0 2
I 44 36 5 3 17 12 3 2
Extramembranous A 9 1 8 -
I 1 1 -
Proliferative A 1 1
Mesangial I 3 2 1
Diffuse proliferative A 4 4
I —
Membranoproliferative A 3 3 1 1
I 2 1 1 1 1
Focal proliferative A 3 3
I -
Focal Sclerosis A 3 3
I 4 1 3 1 1
Tropical Nephropathy A 1
I 1 1
Unclassified A 2 2
I 1 1
+ = response

no response

|+
1l

equivocal
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None responded.
No serious side effects were noted.
Indian

Steroids

56 children were treated (44MCNS, 1 EM, 3 MP,
2 MPGN, 4 FGS, 1 TN, 1 UCL).

41 (73.2%) responded to steroids, 3 other
children had a doubtful response. Therefore
the maximum steroid response may be regarded
as 78.6%.

12 (21.4%) did not respond to steroids.

The majority developed cushingoid features
which were excessive in 12 patients. In 3
of these patients (all MCNS) there was such
gross steroid toxicity that cessation of
prednisone was necessary and cyclophosphamide

given instead.

Cyclyphosphamide

19 children were treated.
12 (63.2%) responded.
5 (26.3%) experienced toxic effects namely

alopecia, darkened nails, leucopenia.

Chlorambucil

4 children (all MCNS) were given this form of

treatment with good results in all.
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4.8 Complications of Renal Biopsy

The majority of patients appeared to have none or
only minor problems following biopsy. Complications
following renal biopsy have been mainly haemorrhagic
in nature (Dodge et al 1962, White 1963). The
minor problems were haematomas that could be

detected by ultrasonogram.

1. Abdominal pain and tenderness.

2. Haematuria - transient.

3. Transient hypertension - this might have been
the result of removal of the pillow and release
of pressure from the inferior vena cava.
(Muercke and Pirani 1975).

4, Renal abscess at biopsy site - one patient
developed pain, tenderness and a high fever
following the biopsy, the urine culture was
positive and the patient required surgery for
drainage of the abscess and partial nephrectomy.

5. Haematomas.

4.9 (i) Mortality

The overall mortality was 5.8%. The 10 patients
who died are discussed under the relevant

histological categories.

(i) African

Seven (6.7%) deaths occurred in this group - 4



97

in the proliferative group (2 FP, 1 MPGN,
1 endocapillary), 1 TN, 1 FGS and 1 with

end stage renal disease.

(ii) Indian

Three (4.5%) deaths occurred - 1 MCNS, 1

membranous, and 1 end stage disease.

Table XVII compares the African and Indian children
studied. Differences are noted with regard to
the age of presentation, histological categories
immunofluorescent deposits, response to therapy

and ultimate outcome.

The details of each histological category will be

discussed in the following pages.



TABLE XVII

FEATURES OF THE NEPHROTIC SYNDROME IN SOUTH AFRICAN CHILDREN

AFRICAN

INDTAN

Incidence

0.17%

Very few Indian children
are admitted to the King
Edward VIII Hospital.

A large number of the
nephrotic patients are
referred. An incidence
over this study period
would therefore be
falsely high,

Peak Age

2 peaks 5 yrs,
8 -~ 11 yrs

Pre-school (4 yrs)

Sex Incidence

M>F

M>F

Aetiology

Unknown in majority

Unknown in majority

Dominant Histological
Groups

Obvious glomerular
lesions (85.6%)
(Proliferative,
membranous) Minimal
change (14.4%)

Minimal change (72.77%)

Immunofluorescence

Deposits in majority
- usually moderate -
heavy (including
minimal change)

No deposits in majority

Response to Therapy -

No response

Majority steroid sensitive

Steroids and (81.6%)

Cyclophosphamide

Frequent relapses - 28.37%

Prognosis Related to Excellent
histological

group
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5. HISTOLOGICAL CATEGORIES
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5.1 INDIAN MINIMAL CHANGE NEPHROTIC SYNDROME
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5.1.1 Summary

Indian children with MCNS have an excellent
prognosis. The majority 81.6% are steroid
sensitive and 97.8% achieve remission. y:\
few more than one third (34.8%) experience
single remissions, a similar number (37.0%)
experience multiple episodes and fewer than

one third (28.2%) <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>