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ABSTRACT

This thesis is a study of the effects of plasma or gamma globulin
transfusion of patients with either immune complex disease ox
pericarditis/myocarditis. Remission occurred in some disease groups

for prolonged periods,

The basic observation made before I started this work was that some
patients with immune complex disease, particularly with systemic lupus
erythematosus would respond to transfusion with plasma or gemma .globulin.

I have studied circulating complexes of the patients to see if the
response to transfusion from a particular donor could be predicted from
a study of the cross-=reaction beitween the donor antibodies in the plasma
and the patient's antigens in the circulating complexes. Masson in
Belgium has suggested such a correlation in a small series which he

carried out.

The method for detecting cross~reactions did not show a clear
correlation with results of transfusion. Study of the complexes did,
however, show that many patients 'a.pparently had a deficient immune
response to their presumed foreign antigens. ~ Some patients only make
IgM antibody against the complexed antigen without IgG, whereas the
unaffected members of the family or biood donors do make IgG én'bibpdy.
The results of intra-familial transfusion have been studied.

It is possible that the patients dé not have T cells of the required

specificity and are unable to generate cytotoxic T cells or make

co=operative Ig8G antibody. Without these killing of virus infected cells

by cytotoxic T cells or K cells and IgG antibody is not possible.
Transfusion of IgG provides a mechanism for K cell killing of wvirus

infected cells with consequent remission of the disease.

Measuring antigenic cross—reaction by radioimmunoassay has provided
evidence for common causal agents in a group of pé:tients by showing
antigenic cross~reaction between their immune complexes. This may help
in the future to identify Athe antigens which are responsible for the
disease and to find a proper therapy to eliminate them.
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CHAPTER ONE
INTRODUCTION



Glomerulonephritis

Classification of glomerulonephritis

A. Histological classification

1o

2.

3.
4.

5.
6.
Te

8.

Acute diffuse proliferative glomerulonephritis.

Rapidly progressive proliferative glomerulonephritis
(sub-acute glomerulonephritis, Crescentic glomerulonephritis).

Mesangial prolferative glomerulonephritis.

Mesangio-capillary glomerulonephritis (Membrane-proliferative
glomerulonephritis).

Focal proliferative glomerulonephritis,.
Membranous glomerulonephritis.
Minimal change glomerulonephritis.

Focal sclerosis glomerulonephritis.

12.



B. Classification of immunopathogenetic mechanisms.

I. Diseases known to result from immunological mechanisms.

Qe

b.

Immune complex glomerulonephritis. This condition results
from the deposition of circulating antigen-antibody complexes
(immune complexes) in the glomerulus. This mechanism is
responsible for the majority of immunologically mediated
renal diseases in man, such as post-streptococcal glomerulo-
nephritis, shunt nephritis and lupus nephritis.
Antiglomerular basement membrane disease, In this condition
the antibodies are directed towards the glomerular basement
membrane and cause the renal injury. This mechanism is
responsible for a minority of renal disease, i.e. Good-

Pasture'!s disease.

ITI. Diseases without evidence of immunological mechanisms.

In this condition neither immune complex nor antiglomerular

basement membrane antibody appear to play a role in thé pathogenesis of

the disease such as minimel lesion glomerulonephritis. Recent evidence

(Levinsky et al, 1978) supports the old findings (Ngu et al, 1970) that

there might be a causal relationship between the activity of the disease

and the presence of complexes.

13
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Glomerulonephritis in experimental animals

A. Tmmune complex disease

Serum sickness

There are two types of experimental serum sickness.
Acute type
This type of lesion is usually produced when a group of experimental
animals (usually rabbits) receive a single intravenous injection of bovine
serum albumin (BSA)(250mg per kg body weight or more). After injection
a number of rabbits develop inflammatory lesions in the hearts, Jjoints,
arteries and kidneys (Germuth, 1953; Hawn and Janeway, 1947).

Following the injection of BSA, its concentration in the plasma falls
rapidly over the first 48 hdurs as it diffuses through the intravascular
and extracellular fluids, then the plasma concentration of BSA falls
more gradually as it is slpwly metabolized, and disappears from the
circulation at the end of 11 to 13 days;' at this time free anti-BSA
antibody is detectable in the serum (Wilson and i)ixon, 197253 Gemnuth, 1953;
Germuth and Rodriguez, 1973). Anti-BSA antibody appears in the
circulation on about the seventhday after the initial injection of BSA
(Wilson and Dixon, 1972; Dixon, 1971)s. This antibody binds to the
circulating antigen to form the circulating immune complexes which are
small in size at the begimming because the antigen predominates in great
excess; these small immune complexes cammot fix complement and the renal
lesion does not develop. As more antibody becomes available and when
the circulating antibody and antigen are near equivalence, the immune
complexes enlarge and can fix complement (Wilson and Dixon, 19723
Tnanue and Dixon, 19673 Dixon, 1971).

These immune complexes disappear from the circulation on the eleventh
day, by phagocytosis (Wilson and Dixon, 1972). Some of these complexes

are trapped in the glomeruli, become attached to their capillary walls
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and cause the renal lesion. The nephritis is usually characterized by
proteinuria, cylindruria and an elevated blood urea (Germuth and Rodriguez,
1973; Unanue and Dixon, 1967; Dixon, 1971).
The glomerular changes were observed in over 80% of Germuth's (1953)
animals which were killed on 12th and 15th days after the injection.
By light microscopy the glomerulonephritis of serum sickness is characterized
by proliferation of mesangial and endothelial cells. A small number of
neutrophils may be present (Germuth, 1953; Germuth and Rodriguez, 1973;
Hawn and Janeway, 1947).
By electron microscopy deposits of electron dense material blended
into the basement membrane can be seen (Feldman, 1958). A similar fomm
of glomerulonephritis can be produced in experimental animals by intravenous
injection of prepared soluble immune complexes. (Benacerraf et al, 1960).
Acute serum sickness is a vseli‘_-rlimiting.'condi‘bi'on in which recovery
starts as soon as all circulating antigen is eliminated (Hawn and Janeway,

1947).

Chronic type

In this type,the experimental animals (rabbits) received a daily
intravenous injection of foreign protein over a long period of time
(Dixon et al, 1961). These rabbits are divided into 3 main groups
according to their antibody production (Unanue and Dixon, 19673 Dixon
et al, 1961; Germuth and Rodriguez, 1973). The first includes animals
that produce a large Aamount of antibody. ’They may develop glomerular
lesions similar to those in acute serum sickness (Uné,nue an_d Dixon,
19673 Dixon et al, 19{61). The rabbits of 'thé second group do not form
antibody to the foreign protein and glomerular injury does not occur.
The third group includes rabbits that form an amount of antibody
sufficient to result in the formation of circulating immune complexes

in a moderate antigen excess. These complexes are usually detected
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for some hours after each antigen injection (Unanue and Dixon, 1967;
Dixon et al, 1961; Wilson and Dixon, 1972). In these animals chronic
mémbranous and/or proliferative glomerulonephritis usually develop
(Gemuth and Rodriguez, 1963; Dixon, .197). This lesion is usually

progressive and fatal.

Other forms of experimental immune complex GN

1. Autologous immune complex nephritis (Heymann nephritis)

In this experimental type, animals are injected repeatedly with
homologous tubular or renal tissue in Freund's adjuvant. Chronic
progressive membranous glomerulonephritis usﬁally develops and is
manifested by severe proteinuria (Heymann et al, 1959; Edgﬁng;con et al,
’1968). The renal lesion is due to the formation of antibody~antigen
complexes which deposit in the glomeruli. It has been demonstrated
by Bdgington et al (1967-1968) that the antigen which is responsible
for the immunologicai stimulus is derived from the brush border of
the proximal convoluted tubule.

2. Viral infection induced glomerulonephritis

Chronic viral infections (induced or natural) in animals can cause
immune complex glomerulonephritis in which the antigens are of viral
origin (Dixon et al, 1969). This type of glomerulonephritis has been
established in animals with persistent lymphocytic choriomeningitis (LCH)
virus, gross leukaemia virus, equine infectious anaemia virus and
lactic dehydrogenase virus (Dixon et al, 19693 Wilson and Dixon, 1972;
Hotchin and Collins, 1964; Mellors et al, 1971).

3. TYmmune complex disease in New Zealand mice

Mice of this strain have been found spontaneously to develop SLE-like
illness, splenomegaly, haemolytic anaemia, and antinuclear antibody

and rheumatoid factor in their serum. Some of the mice also develop
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chronic glomerulonephritis (Dixon et al, 1969; East et al, 1967).
At least two antibodies can be eluted from the kidneys of the

mouse

a. Antibodies against nuclear antigens (Dixon et al, 1969).

be Antibodies directed against antigens of the virus which infects

this animal naturally (Mellors et al, 1971; Dixon et al, 1969).

B. Antiélomerular basement membrane disease (Nephrotoxic serum nephritis)

This type of renal injury is produced by antibodies directed towards
the glomerular basement membrane, and characterized by the presence of
smooth linear deposition of IgG along the glomerular capillary walls
(Germuth and Rodriguez, 1973; Unanue and Dixon, 1967). There are two
types of experimental antiglomerular basement membrane disease.
1e Heterologous antiglomerular basement meﬁbrane antibody or passive

antipasement membrane glomexrulonephritis ,

In this experimental model the animal, e.g. rabbit, is injected

with preparations of renal tissue or glomerular membrane obtained from
an animal of a different species, e.g. rat. The rabbit then develops
antibodies to the rat glomerular basement membrane. Serum from this
rabbit containing circulating antibodies to rat kidney, is isolated
and injected into the animal from which the renal tissue wasvob'tained
(rat)(Germuth and Rodriguez, 1973).

The nephritis occurs in 2 phases: (1) The primary or heterologous
phases this may occur within a few hours of the injection, when the
he'belfo]ogous nephmtoxic'antibodies are attached to the glomerular
basement membrane of‘ the rat. The glomerulonephritis which occurs in
this phase is usually transient. The heteroclogous immunoglobulin can
be demonstrated by immunofluorescence along the glomerular basement
membrane in linear pattern (Gerxmuth and Rodriguez, 19733 Unanue and

Dixon, 1967). (2) The secondary or autologous phase; this appears



18.

5 to 7 days after the injection when the host (rat) develops an antibody
response to the heterologous nephrotoxic antibodies and is characterized
by reaction of the host (rat) antibodies with the heterologous antibasement
membrane antibodies which remain attached to the glomerulaxr basement
membrane. In this phase, severe glomerulonephritis usually develops
(Unanue and Dixon, 1965; Germuth and Rodriguez, 1973).

2. Autologous antiglomerular basement membrane antibody or active
antibasement membrane glomerulonephritis

This type can be produced in the animals by injection of hetexrdogous
or homologous glomerular basement membrane preparations in Freund's
adjuvant. This causes the animals to form antibodies which react
with their own glomerular basement membrane and provoke the renal
injury, which is usually severe and fatal (Gemuth and Rodriguez,

19733 Wilson and Dixon, | 1972).
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Human &lomerulonephritis

Acute proliferative glomerulonephritis

In this disease the renal injury is most probably due to the
deposition of immume complexes within the glomeruli, similar to those
occurring in acute serum sickness; streptococal infection is the major

cause (James, 1972). Post=streptococcal glomerulonephritis is discusseds

Acute post-streptococcal glomerulonephritis (APSGN)

This type of glomerulonephritis occurs most often in children, but
also affects adults at any age (Leaf and Cotraﬁ, 1980), It often follows
infection with group A, B-haemolytic streptococci type 12 (Wilmers et al,
1954) and type 4 in the majority of cases (Leaf and Cotran, 1980), but
other types are occasionally involved, like type 49 (red lake)(Kaplan
et al, 1970), type 1 (Goldsmith et a1, 1958) and type 55 (Potter et al,
1968). There is a latent period of 1 to 2 weeks between the antecedent
streptococcal infection and the development of nephritis and sometimes
more than one month, with an éverage of 14 days (de Wardener, 1973;

Schwartz and Kassirer, 1971).

Clihical immunology

One or more antibodies 1o the extracellular antigens or the haemplytic
streptococcus are frequently identified in the serum during the development
of acute W, such as antistreptolysin (ASO), antistreptokinase (ASK),
antihyaluronidase (AH) and antideoxyribdnuclease (ADNase); An elevated
titre of any of these antibodies is reliable evidence of a recent
streptococcal infection (Taranta and Uhr, 1971). ASO titre is the
most widely used serologic test, because it is easily titrated and more
likely to increase aftgr a streptococcal infection. It is raised in
the serum about 20 days after the initial infection in 70-80% of patients

(Schwartz and Kassirer, 1971; Kilbourne and Loge, 1948).
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These types of antibodies give little or no immunity to the patient
infected with these organisms (Schwartz and Kassirer, 1971; Black, 1970).

In patients treated with penicillin at the beginning of the infection,
the frequency of an ASO response is reduced from the usual 70-80% to
between 10-15% (Kassirer and Schwartz, 1961; Kilbourne and Loge, 1948).
Antibodies form in response not only to the extracellular antigen of
the streptococcus but also to the M protein, the cellular antigen,
which gives streptococcus its type specificity. These antibodies
give prolonged immunity that follows streptococcal infections, antibodies
to the M protein develop slowly as late as 2 months after the infection
(Kassirer and Schwartz, 1961) and may remain demonstrable for many years
(Rlack, 1970). The antigens involved in this type of nephritis are
most likely to be products of the infecting organism itself; but the
evidence of the presence of the streptococcal componenté within the
glomeruli is still controversial. Treser et al (1970), using
fluorescein=-labelled antisera to purified streptococcal membranes, stated
that the streptococcal antigen was a part of the membrane structure of
the streptococcal cell. Zabriskie (1971) failed to localize stireptococcal
membrane antigens in those patients who exhibited positive staining with
type 12 antiserum prepared against the whole streptococcal organisms.
Feldman et al (1966) failed to demonstrate any streptococcal antigens in
any of their 9 patients. The reason may be that ﬁhése antigens are
presumably present in the circulation for short periods of time and the
antigenic sites in the glomerular deposits would quickly be covered up

by the excess of antibody (Zabriskie, 1971).

Clinical presentation

Gross or microscopic haematuria is usually present in the majority
of patients and the urine is often described as "smoky". Microscopic

haematuria was present in all patients studied by Kaplan et al (1970)
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and Anthony et al (1967) and in 71% of those studied by Poon-King et al
(1967). Haematuria is usually accompanied by red cell casts. Oedema
is found in the majority of patients and is usually generalised.

Physical examination revealed generalised oedema in all of the 681 patients
of Poon—King etal (1967), while only 40% of the patients of Kaplan et al
(1970) had '@ history of oedema. Proteinuria, is usually less than 3g,
and massive proteinuria and nephrotic syndrome are relatively uncommon
(James, 1972; Leaf and Cotran, 1980). Proteinuria was present in 40%

of Kaplan et al (1970) patients and in 98% of Poon-King et al (1967)
patients, while Crofton and Truelove et al (1948) reported a case of
acute &N without albuminuria. Mild to moderate hypertension is usual
and subsides with the diuresis or with the improvement of the renal
function (James, 1972). Oliguria may occur but it is usually of short

duration (Schwartz and Kassirer, 1971).

?éthologx

Light microscopy

Usually,all glomeruli are affected and show hypercellularity due to
diffuse proliferation of the mesangiél'and endothelial cells. This
proliferation is accompanied by infiltration with polymorphonuclear
leukocytes. There is an increased amount of mesangial matrix (Feldman
et al, 1966; Burkholder, 1974). The capillary basement membrane usually
shows no thickening and remains thin but occasionally may be focally
thickened. The epithelial cells are not usually involved in the
proliferative process and crescents are not common and seen only in
severe cases (Heptinstall, 1974; Burkholder, 1974).  Protein materials,
red blood cells, casts and polymorphonuclear leukocytes are often present
within the tubules. Hyaline or granular casts are less frequent. 1In
the interstitium there may be some degree of oedema. Arteries and

arterioles rarely show changes (Heptinstall, 1974).
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Ele'ctron microscopy

The presence of electron dense granular deposits in the sub-epithelial
space is the most prominent abnoma.li‘ty in this disease. These deposits,
referred to as "humps" (Germuth and Rodriguez, 1973; Heptinstall, 1974),
are usually observed at the early stages of the disease and disappear
after 6 weeks (Cameron, 1979; *de Wardener, 1973; Heptinstall, 1974),
epithelial cell foot processes may show focal areas of fusion. Sub-
endothelial and mesangial matrix deposits are sometimes seen. Swelling
of the endothelial and mesangial cells and occasional discontinuities
in the basement membrane are other electron microscopic findings (4Andres
et al, 1978; Leaf and Cotran, 1980).

Tmmunofluorescence -

IgG andfor C3 are often present in granular patterns along the
glomerular basement membrane (Heptinstall, 1974; Andres et al, 19783
Germuth and Rodriguez, 1973). The staining of C3 usually appears more
intense and more constant than that of immmoglobulin.(Heptinstall, 1974),
but Feldman et al (1966) reported that staining of C3 was less intense
than that of immunoglobulin. IgG and C3 may be seen in the mesangial
region. Deposits of properdin have also been reported to be present
in the glomeruli in APSGN (Westberg et al, 1971).  Streptococcal antigens
have been identified in some cases in the early oourse of the disease

(Treser et al, 1970; Zabriskie, 1971).

Serological findings

Serum complement concentrations are reduced during the acute phase
of the disease, but usually return to nomal within 4 to 8 weeks
(Cameron, 1979; Leibowitch et al, 19803 Rodriguez~Iturbe et al (1980).
Circulating immune complexes may be detected during the acute illness

(Mohammed et al, 1977; Rodriguez-Iturbe et al (1980).



23

Proggosis

The prognosis of APSGN in children is usually good and the majority
recover, 1In a series by McCrory et al (1959) no deaths were reported
and 34 of the 35 children he studied were completely healed two years
after the onset and only one had an abnormal Addis count. The course
in adults is less favourable, some of them develop persistent @&V and
others die from other complications. In follow~up studies in eleven
adult patients of Kushner et al (1961) with acute GN seven were clinically
healed and four had apparent clinical evidence of chronicity. Irreversible
renal damage has resulted in 50% of Baldwin's (1977) patients in a long

period follow=up and the better prognosis was in children.
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Réiiidly progressive glomerulonephritis (RPGN)(Crescentic GN, Subacute G)

This type of proliferative glomerulonephritis is characterized by
relentless activity of the renal lesion with rapid decline in the renal
function resulting in death due to irreversible renal failure and uraemia
within weeks or months. The essential histological feature is the
presence of epithelial crescents in the majority of the glomeruli
(Arieff and Pinggera, 1972; Leaf and Cotran, 1980). This syndrome may
occur as an idiopathic entity or due to a variety of conditions which
include acute post-streptococcal glomerulonephritis, Henoch-Sch'gnlein
purpura, systemic lupus erythematosus, polyarteritis nodosa and
Goodpasture's syndrome (Heptinstall, 1974; Arieff and Pinggera, 1972;
Stilmant et-al, 1979; Cameron, 1979). The pathogenic mechanism of the
renal injury may be mediated either by immune complex or anti~GBY antibody

in some, or by unknown mechanisms in others (Glassock, 1979).

Cl.j_ni’cal presentation

The commonest presentation is an abrupt onset of oligu:n;ia or anuria
(Cameron, 1979), other patients may present with insidious onset of
peripheral oedema (Arieff and Pinggera, 1972). Microscopic haematuria
and proteinuria are common. Hypertension may or may not occur (Leaf
and Cotran, 1980; Stilmant et al, 1979). This syndrome is more common

in adults (Stilmant et al, 1979).

Pathologz
Ligﬁ't ﬁicioscopy

The most important pathological finding in RPGN is crescent fomation
in more than 50% of all glomeruli (Andres et al, 1978). It is believed
that the cresceﬁts are formed by a proliferation of the parietal epithelial
cells, Thisproliferation may be due to the reaction of the epithelial

cells to the blood components such as fibrin and red blood corpuscles
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which are exuded into the capsular space (Heptinstall, 1974; Andres et
al, 1978). Atkins et al (1976) found that macrophages rather than
epithelial cells were the major cell type in the crescent formation.
Post=streptococcal glomerulonephritis must be suspected if the gomerular
changes are uniform and if there is a moderate to marked proliferation
of mesangial cells (Andres et al, 1978; Heptinstall, 1974). Adhesions
between the glomerular capillary tufts and the capsular crescents are
common (Burkholder, 1974). Epithelial proliferation and hyaline
droplet degeneration are present in the proximal convoluted tubule.
Casts and RBC are also present in the tubular lumen. Interstitial
oedema is common (Heptinstall, 1974; Andres et al, 1978).

Blectron microscopy

Sub~endothelial deposits may be found in some instances (Andres et al,
1978; Heptinstall, 1974), while in others no deposits can be found
(Stilmant et al, 1979). When sub—epithelial deposits are found
post=streptococcal (N must be suspected. Hypertrophy of mesangial
cells and an increase_in mesangial matrix may be seen, foot processes
of the epithelial cells are usually absent and epithelial pseudo-villi
may be present (Burkholder, 1974).

Tmmunofluorescence

The findings by immunofluoi'escence fall into 3 groups:
1e A granular pattern of IgG and C3 along the glomerular capillary walls
can be found (this may denote post-streptococcal GN). IgM may be present
(Burkholder, 19743 Andres et al, 1978).
2. Diffuse linear pattern of IgG alone or with C3 mé,y be seen along
the GBM, this occurs in anti-GEM disease (Arieff and Pinggera, 1972;
Burkholder, 1974; Andres et al, 1978).
%. In this group no immunoglobulin cén be demonstrated in the glomeruli

(Stilmant et al, 1979; Arieff and Pinggera, 1972; Andres et al, 1978).



Serclogical findings

In anti-GHM antibody-mediated RPGN, circulating anti-GBI antibody
may be found. Serum complement components may be normal or fall with
the development of end-stage renal failure, and circulating immune
complexes are not found (Glassock, 1979). If the lesion is due to
immune complex deposition, serum complement levels may be depressed
and circulating immune complexes may be found (Glassock, 1979).
Prc;g}osis

The prognosis is usually poor for this group of patients; end=
stage renal failure usually develops within weeks or months (Stilmant

et al, 1979; Andres et al, 1978; Leaf and Cotran, 1980).

26.
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Mesangial proliferative glomerulonephritis

The histological changes.seen in this disease are similar to those
which occur in the healing phase of acute post-streptococcal glomerulo-
nephritis, but the evidence of streptococcal infection is abgent in
the majority of cases, and the aetiology is still uncertain (Cameron,
1979; Migone et al, 1980).

Clinical presentation:

Patients present with recurrent haematuria and proteinuria (Cameron,
1979; White et al, 1970). A few patients may present with the nephrotic
syndrome (Migone et al, 1980).

Pathology

Light microscopy

There is an increase in the mesangial matrix with or without an
increase in mesangial cellularity (Drummond and Andres, 1978). Polymorph
infiltration is usually absent or scanty. The capillary wall is usually
of nomal thickness although localized thickening may occur, Epithelial
crescent formation and capsular adherenceare not usually seen (White et
al, 19703 Churg et al, 1970).

Electron microscopy

There is an increase in the mesangial matrix with or without an
increase in the number of mesangial cells, The glomerular basement
membrane is usually normal. Electron dense deposits are not usually
present (Burkholder, 1974).

Tmmunofluorescernce

It is either negative or shows a granular pattern of IgG with ox
without C3 deposition along the capillary wall of the lobule or in the
mesangitm (Burkholder, 1974). IgM and IghA may be present (Migone et

al, 1980).
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Seroclogical findings

Serum C3 léevels are usually normal in patients with mesangial PGN
(White et al, 1970). Circulating immune complexes have been detected
in some cases (Woodroffe et al, 1977).

Prognosis

The prognosis of this type of glomerulonephritis is usually good
and the patients do well, although some patients may develop renal
impairment (Cameron, 1979). White et al (1970) reported no deaths

from their eight patients.
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Mesangiocapillary glomerulonephritis (MCGN)

(Membrano-proliferative glomerulonephritis)

This condition is called mesanglocapillary glomerulonephritis
because it is characterized by a diffuse increase in cellularity of
the mesangium and an irregular thickening of the GBI, a number of
patients with this disease show hypocomplementaemia. The early
description of MC@ appeared when West et al (1965) described a group

of children with chronic glomerular disease and persistent hypocomplementaemia.

Aétioidgy and pathogenesis

The aetiology of this disease is uwnknown and the anitigens are not
recognized., Persistent hypocomplementaemia is found in the majority
of patients with MCGN.

Three main explanations of the persistent hypocomplementaemia have been
considered:

1« Diminished synthesis of C3
2. TUrinary loss

3. Increased consumption of C3

e Iﬁminished synthesis of C3

0gg et al (1968) and Cameron et al (1970) found no evidence of
reduced complement synthesized in patients with MC&I; while Colten et
al (1973) provided evidence of impaired synthesis of C3. They proved
that the liver tissue obtained from those patients could not synthesize
C3 in vitro but was capable of synthesizing C2 and C5.

2. Urinary loss

This concept has not found general acceptance and the following
observations rule out urinary loss as an important cause. Northway
et al (1969) reported persistent low serum 3 levels in 2 patients

with MCGN whose urine was free of protein., Cameron et al (1970)

reported 6 cases with persistent hypocomplementaemia who were anuric
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and who were maintained on regular dialysis.

3. Increased consumption of C3%

It is believed in this hypothesis that persistent hypocomplementaemia
is due to the presence of the circulating factor, the so~-called C3
nephritic factor (C3 NeF), in the serum of patients with MOCG. Tt
is able to activate the complement system via the alternative pathway

whijst the classical pathway complement components - (C1, C2, C4)s{'aj normal
(Spitzeret al, 1969; Valotta et al, 1971). However Ooi et al (1976)
suggested that both pathways were activated in this disease.

Studies of the biochemical nature of C3 NeF have produced different
results, Thompson (1972) found that patients with hypocomplemerﬁemic
MCGN had low serum IgG levels and higa IgG3 levels when compared with
normal subjects, patients with SLE oxr patients with other types of
chronic renal diseases; indicating that C3 NeF is of immunoglobulin
nature, but Vallota et al (1974) found that C3 NeF which was isolated
from patients with hypocomplementaemic chronic glomerulonephritis was a
protein distinct from immunoglobulins.

Complement deficiency and C3 NeF have been reported in patients
with partial lipodystrophy (PLD) withMCGN (Peters et al, 1973; Mery et
al, 1978), and without renal disease or before the development of the
renal disease (Thompson and White, 1973; Sissons et al, 1976). It appears

that the PLD-antedated the development of nephritis.

Clln:Lc al- presentation

This disease seems to be more common in older children and adolescents
(Cameron, 1979), In some series,one-third of the patients presented with
yacute nephritic syndromes and the othér two=thirds presented with
proteinuria, haematuria and oedema (Cameron et al, 1970; Michael et al,
1971). In some other series more than 65% of patients presented-ﬂwith‘

nephrotic syndrome (Habib et al, 1973; Magil et al, 1979). Hypertension



may occur; Habib et al (1973) reported the presence of hypertension in
25% of their child patients, Magil et al (1979) reported the presence
of hypertension in 35% of their adult patients and in 48% of their
children., Proteinuria is of non~selective type; in the majority
of cases (Michael et al, 1971).
féthologx
Studies of the glomerular morphology of patients with MC& have
shown 2 main types:
Type I is characterized by the presence of electron dense deposits
in the sub-endothelial space (Habib et al, 1973; Andres et al, 1978).
Type IT (also called dense deposit disease) is characterized by
dense deposits in the glomerular BM (Habib et al, 19733 Andres et
al, 1978).
In both types there are huge mesangial deposits (Andres et al, 1978).
See below,
Li‘ght ﬁicroscopz

All glomeruli are usually affected and there is thickening of the
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capillary walls with proliferation of the mesangial cells and increase

in the mesangial matrix, although the endothelial cells may also
be increased. A double layer of basement membrane (tram track

appearance) may be seen if the section is stained with PAS or
PA-silver-methenammanSlight to moderate neutrophil accumulation

can be seen in the glomerular .‘iﬁft. A few epithelial crescents

may be present in some instances (Andres et al, 1978; Habib et al,
19735 Davis et al, 1978) or absent in others (ﬂagil et al, 1979).
.The blood vessels usually appear normal unless hypertedsich develops,

' The interstitial tissue may contain chronic inflammatory cells or

‘may be normal (Heptinstall, 1974).
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Electron microscopy

Granular dense deposits are usually seen on the endothelial side
of the B and in the mesangial area, hump-like deposits may be
present (Habib et al, 1973; Heptinstall, 1974; Magil et al, 1979),
or absent (Davis et al, 1978).

The intervention of mesangial cytoplasm between the glomerular
basement membrane and the endothelial cell wall gives new basement
membrane-like material (Davis et al, 1978; Magil et al, 1979;
Heptinstall, 1974; Andres et al, 1978).

Immunofluorescence

Granular deposition of C3 along the glomerular basement membrane is
the most constant finding and it can be seen in the mesangial region.
Immunoglobulins are also found, usually IgG and IgM (Heptinstall,
1974; Davis et al, 1978; Habib et al, 1973). Properdin is also

seen (Westberg et al, 1971).

Type.II-(Dense'deposit glomerulonephritis)

Light microscopy

There is diffuse thickening of glomerular B, all glomerulil are
enlarged and show mesangial hypercellularity, which may be mild
or moderate (Davis et al, 1978).

Neutrophil accumulation may be found within glomeruli. The
epithelial crescents are usually more frequent than in Type I
(Droz et al, 1977). When the deposits are increased in size a
ribbon~like appearance can be seen if the section is stained by
haematoxylin and eosin (H and E)(Moreléﬂarpger, 19763 Habib et al,1973).

Electron microscopy

Electron microscopy is important for the diagnosis of this disease.

It shows homogeneous dense deposits within the BM of the glomeruli,
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within Bowman's capsule, and in the tubular basement membrane

(Habib et al, 1973; Davis et al, 1978; Droz et al, 1977). Humps

may be present (Habib et al, 1973; Davis et al, 1978). The deposits
may be present in the mesangial matrix (Davis et al, 1978). Mesangial
cell proliferation and an increase in the mesangial matrix are frequent
but usually mild in the majority of cases (Habib et al, 1973%; Davis

et al, 1978; Droz et al, 1977).

TImmunofluorescence

C3 is usually present in all cases, along both glomerular and tubular
B in granular pattern, mesangial deposits of C3 are usually found
(Habib et al, 1973; Droz et al, 1977; Davis et al, 1978).

Izﬁmtmoglolmlins‘are usually absent (Heptinstall, 1974; Droz et al,
1977), but in some patients IgM and, to a lesser extent, IgG or IsA
may be present (Habib et al, 1973; Davis et al, 1978).

- Differential diagnosis between Type I & IT

1. In the glomeruli C3 appears to be more irregular in type I than in
type IT where it is more homogeneous.
2. TImmunoglobulins are more likely 10 be present in the glomeruli in

type I.

3« Sub-endothelial and mesangial electron ~dense deposits are observed ntype I

while dense deposits are seen within the GEM in type II (Andres et al, 1978).

Serological findings

Serum complement levels are reduced in the majority of patients with
MC@&N. C3 levels are decreased in the course of the disease in over T75%
of patients and to a greater degree in type IT than in type I (Ooi et al,
19765 Habib et al, 1973; Davis et al, 1978). Cig, C4 and C1 may be
decreased in type I (Ooi et al, 1976). The early acting components
are usually nomal in type II (Leibowitch et al, 1980). C3 NeF is

often found in MC®, in particular in type IT (Spitzer et al, 19693



Ooi et al, 1976). Circulating immune complexes may be found in both

types (0oi et al, 1977).

Prognosis

The course of both forms is one of continuing disease, and spontaneous
resolution is unusual; zrenal function may remain nommal for several years
before the chronic renal failure develops (Cameron, 1979). Chronic

renal failure is highest in type TI (Hebib et al, 1973).



Focal prbliferative glomerulonephritis (FPGN)

The histological changes which occur in this disease affect segments
of some glomeruli while other glomeruli remain normal. This lesion may
either occur as an isolated renal condition and is called Berger's
disease or IgA nephropathy, or it is associated with systemic diseases
such as, SLE, sub-acute bacterial endocarditis, Henoch-Sch%nlein
purpura and Polyartritis nodosa which are discussed later in this chapter.

Berger's diseage is discussed.

Berger's disease (IgA Nephropathy or IgG~IghA Nephropathy)

This disease was described by Berger (1969),_ who observed Igh-C3
in the mesangium of 55 patients who had no systemic disease or history
of acute glomerulonephritis.

The pathogenesis of this disease is not well defined, Roy et al’
(1973) suggested that the association of recurrent haematuria with I
respiratory infection and IgA deposition might suggest a causal
relationship with mucosal infections. Berthoux et al (1978) reported
that 40% of their patients with mesangial IgA-glomerulonephritis were
HLA B35 and they believed that this fact raised the possibility of
genetic linkage between HLA and the disease; while Brettle et al (1978)
did not agree with these findings. They found HLA B35 in 18% of their
patients with IghA~C3 nephrbpathy and in 1% of their control group.

This disease is more common in males than females (3:2) in their teens
and twenties (Yokoska et al, 1978; Ueda et al, 1977).

The patients usually present with repeated attacks of macroscopic
or microscopic haematuria, which may follow upper respiratory tract
infection and in some cases exertion (Davies et al, 1973). Mild
proteinuria may be present and is usually less than 1 g/ﬂay (Yokoska
et al, 1978; Davies et al, 1973; van der Peet et al, 1977). Hypertension

is not common in children but it may accompany the adult form (Kapoor et
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al, 1980; Berger, 1969).

Pathology
Light microscopy

The glomeruli show mild focal and segmental mesangial cell
proliferation with increased mesangial matrix. The glomerular basement
membrane is usually nommal (van der Peet et al, 1977; Davies et al, 1973;
Roy et al, 1973)- Generaligzed and diffuse proliferation may be seen
(Yokoska et al, 1978; van de Putte et al, 1974), and glomerular scarring
or hyalinization may be observed. Van der Peet et al (1977) reported
glomerular scarring or hyalinization in 14 patients and tubular degeneration
and interstitial fibrinosis in 13 of 27 adult patients with IgA nephropathy.

Blectron microscopy

an
The electron microscopy showsAincrease in the mesangial cells and

electron-dense deposits in the mesangium (van der Peet et al, 1977).
Sub-endothelial deposits may also be found (van de Putte et al, 1974;
Davies et al, 1973).

Immunofluoregscence

Igh deposition can be seen in the mesangial area of the glomeruli..
This is usually accompanied by C3 and IgG. IgM may also be seen (Davies
et al, 197%; Roy et al, 1973; ven der Peet et al, 1977).

Seroclogical findings

Serum IgA levels may be elevated (van der Peet et al, 1977). Complement
components are usually nommal (Glassock, 1979). Circulating immune
complexes may be detected by a variety of assays (Abrasset al, 1980;

Woodroffe et al, 1977).

Prognosis

The course of the disease is benign and self-limiting in the majority
of child patients (Berger, 1969; van de Putte et al,1974). In the minority,
the disease persists into adult life and the patients develop hypertension
and renal failure. The course of the disease is less »favourable in

adults and the elderly (van der Peet et al, 1977; Kappor et al, 1980).
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Tdiopathic membranous glomerulonephritis (MGN)

This lesion is characterized by regular diffuse thickening of the
capillary walls of the glomeruli. Some authors prefer to use the term
idiopathic MGV when the aetiologic factors are not known (Heptinstall,
1974). This is to exclude other causes which exhibit thickening in
the glomerular capillary walls such as SLE, malaria, syphilis and
Hbs Ag.

It is primarily a disease of middle age but it also occurs in children,
some cases have been diagnosed before the age of 2 years (Habib et al,
1973); it occurs more often in males (G;rtner et al, 1974; Pierides

et al, 1977).

Pathogenesis

This condition is probably an immune complex disease which is similar
to those seen in chronic experimental serum sickness, although other
mechanisms have been suggested.

Evans (1974) suggested that human MGN might result from in situ
formation of the complexesg in the capillary walls of the glomeruli.
Cameron (1979) and Gelfand et al (1975,1976) suggested that C3b receptors,
which were demonstrated in the giomeruli, might play a’role in the

initiation of the disease.

Clinical presentation

Proteinuria with the nephrotic syndrome is present in more than 7%
of cases whilst the rest present with non-nephrotic proteinuria (Habib
et al, 1973; Bow et al, 1975; Pierides et al, 1977). Proteinuria is
usually non-selective (Cameron, 1979). Mild microscopic haematuria
is present in 70~80% of cases (G;rtner et al, 1974; Habib et al, 1973).
Hypertension may be’found in adult patients; it was present in 64% of

Pierides et al (1977) patients and in 61% of Gartner et al (1974) patients,
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but rarely found in Habib's patients, who were all children. Oedema,
lipiduria and hypercholestraemia may occux,

Pathology

Light microscopy

The capillary walls of the glomeruli show diffuse uniform thickening,
In early cases this change may be undetectable by light microscopy
(Andres et al, 1978). As the disease progresses the thickening of the
capillary walls increases and spiky-like projections appear which extend
toward the epitheliazl cells. These spikes can be seen when the section
is stained with periodic acid-methenamine (Heptinstall, 19743 Gluck
et al, 1973).

The epithelial cells swell without crescent formation (Andres et al,
19783 Burkholder, 1974). Proliferation is usually absent (Churg et al,
1970) but occa.sionallyzslight increase in mesangial cells may occur.
Obsolescence of many glomeruli occurs at the end~stage of the disease
(Gluck et al, 1973). Hyaline granules, doubly refractile lipid and
cagts can be ohserved in the cell 6f the proximal convoluted tubule
in the early stage of the disease (Heptinstall, 1974; Gluck et al, 1973).

Electron microscojy

The most important finding in this disease is the presence of sub-
epithelial electron=dense deposits. The electron microscopic findings
during the course of the disease can be divided into 4 stages:

Stage I. This stage is characterized by generalized fusion of the

foot processes and rare small electron-dense deposits which may be seen
in the sub=-epithelial area (Germuth and Rodriguez, 1973).

Stage IT. In this stage the electron-dense deposits are large in size,
more numerous and form a continuous sub=epithelial layer interrupted

by newly formed spikes (Germuth and Rodriguez, 1973; Andres et al, 1978).
Stage ITTI. In this stage membranous transfomations are increased and

the capillary loop is largely thickened. The dense deposits are pale
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and less dense (Germuth and Rodriguez, 1973; Andres et al, 1978).

Stage IV. This stage represents the terminal stage of the disease.
Sclerotic glomeruli can be seen and large masses of electron=dense
deposits are usually present in the matrix (Germuth and Rodriguez, 1973;
Andres et al, 1978).

Immunofluorescence

Diffuse granular deposits of IgG and C3 can be seen along the glomerular

capillary wall with or without IgM (Row et al, 1975; Burkholder, 1974).

Serological findings

Haemolytic complement and €3 levels are usually normal (Glassock, 1979).
Circulating immune complexes may be found (Pussell et al, 1978; Abrass

et al, 1980).

Prognosis

The disease is usually progressive and it may take several years
before significant renal failure occurs. Remission of the proteinuria
usually occurs from time to time (Gluck et al, 1973). The course of
the disease seems to be more benign in children than in adults (Habibd

et al, 1973).



Minimal lesion glomerulonephritis (MLGN) - Lipoid nephrosis

This disease is most common in children under the age of 5 years.
The peak incidence is between 2 and 4 years of age (Cameron, 1979) but

it can occur at any age, even in the elderly (Fawcett et al, 1971).

Aetiology and pathogenesis

The aetiology and pathogenesis of this disease are obscure and there

is no evidence of immunological mechanism, either by immune complexes
or antiglomerular basement membrane antibody, but the following
observations and hypotheses may suggest an immunological role in this
disease:
1. Shalhoub (1974) has suggested that the thymus plays a role in this
disease, and a disorder of T cell funciion leads to the production of
lymphokines which are toxic to the glomerular B1 . He has suppoxrted
his hypothesis by the following observations.

2. Remission induced by measgles

be. Susceptibility of the patients to infection

Ce Remission by steroids and cyclophosphamides . -

d. Hodgk:.n’s disease can cause changes similar to those observed

in m:.m.mal changes glomeruloriephritis,
2. Byres et al (1976) reported that lymphocytes isolated from patients
with MLGN had greater lymphocyte toxicity on renal epithelial cells
(in _vitro) than those obtained from normal or the proliferative
glomerulonejhritis group.
3. Gerber and Paronetto (1971) demonstrated IgE along the capillary
walls of the glomeruli in patients with MLGN.
4 Levinsky et al (1978) reported elevated levels of circulating
immune complexes in vchildren with MLGN.
5. Ngu et al (1970) reported elevated levels -of immunoconglutinin in

children with MLGN.

40,
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6. Thomson et al (1976) reported that the frequency of HLA B12 is
greater in children with minimal change than in adult controls, and
atopic symptoms (hay fever, elevated serum IgE and positive prick

test for grass pollen antigen), are more common in those with HLA B12.
7. Duffy (1969) observed myxovirus-like particles in renal glomerular
epithelial cells and he believed that this might be the causative agent

in this disease.

Clinical presentation

This group of patients usually presents with a nephrotic syndrome.
In some pa'bien“bs_ there is a previous history of allergy (Thomson et al,
1976)s  Proteinuria is more than 3g/24 hour and is usually highly
selective in children, but less selective in adults (Cameron et al,
1974). Hypoalbuminaemia, 1less than 2.5 g/100m1, is usual. Oedema
occurs and is usually accompanied by a puffy face in children. Haematuria
is never macroscopic and is usually not persistent. Hypertension is
wcommon in this disease, but hypercholesteraemia and hypertriglyceri-

daemia usually occur (Cameron, 1979; Cameron et al, 1974).

Pathology

Light microsvcopy

The absence of any conspicuous abnormality in light microscopy is
an essential feature of this disease. The glomeruli are usually nommal
and there is no cellular proliferation (Heptinstall, 1974; Cameron et al,
1974), but Churget al (1970) observed a slight increase of the mesangial
matrix in some biopsies. If the disease persists for a long time, mild
thickening of the capillary wall may be seen (Heptinstall, 1974;
Drummond and Andres, 1978). Tubules and interstitium are usually
nomal, with the exception of fatty and hyaline droplets in the proximal

convoluted tubule (PCT) (Heptinstall, 1974; Burkholder, 1974).



Blectron microscopy

The major change seen by electron microscopy is the fusion of the
foot processes of the epithelial cells (Burkholder, 1974; Heptinstall,
1974), which is due to flattening and swelling of these processes. A
layer of epithelial cytoplasm replaces the foot processes. These changes
retum to normal in remission (Leaf and Cotran, 1980). TFluid droplets
can be seen ip_the endothelial cytoplasm and a number of vacuoles are
also seen in the tubule cells (Burkholder, 1974; Heptinstall, 1974).
Usually there are no electron~dense deposits here, but Duffy et al (1970)
reported the presence of subendothelial deposits in 9 patients with
lipoid nephrosis.

Immumofluorescence

Immunoglobulin and complement are absent from the glomeruli of the
patients with MLGN. Gerber.znd Paronetto (197j)~obsg;ved,IgE“in7.patients
with MLGN in the glomerular capillary walls in *comma~like' pattern with
the absence of IgG, I&M, IgA and complement. The presence of IgE has
not been confimmed by Lewis et al (1973).

Seralogical findings

Elevated levels of circulating immune complexes have been detected
in some patients with MLGN (Levinsky et al, 1978; Abrass et al, 1980).
Serum complement components are usually normal (Ruddy et al, 1975;
Mallick, 19773 Leaf and Cotran, 1980). There may be an abnormal

decrease of serum IgG and increase in IgM levels (Giangiacomo et al,1975).

Prognosis
Patients with minimal change glomerulonephritis (MLGN) have &an

excellent prognosis and over 90% exhibit a good respomse to corticosteroid
treatment, and temporary or permanent remissions occur (Drummond and

Andres, 1978).
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Tocal éclerosis glomerulonephritis

This idiopathic lesion is usually progressive and non-proliferative
It is characterized by the presence of glomerular sclerosis in both
focal and segmental distribution. This is usually accompanied by
hyalinosis. The condition may be found at any age (Hyman and Burkholder,
1973), but it has been most frequently described in children and
adolescents (Hyman and Burkholder, 1974; Newman et al, 1976; Nagi et al,
1971).

Clinical presentation

Some of the patients may present with nephrotic syndrome and others
may present with asymptomatic proteinuria (Nagi et al, 1971; Jenis et
al, 1974). This may be accompanied by haematuria. Hypertension may
or may not be present (Newman et al, 1976; Hyman and Burkholder, 1973).

Pathology
Light microscopy

In the early stage of the disease the lesion is minor and there is
mild mesangial matrix expansion which may be diagnosed as minimal change
glomerulonephritis (Hyman and Burkholder, 1974; Nagi et al, 1971).

When the disease progresses some glomeruli show diffuse or segmental
sclerosis with adhesion to Bowman'!s capsule, and contain hyaline depositse.
Foam cells containing lipid can be seen in the area. Other glomeruli
appear normal (Jenis et al, 1974; Hyman and Burkholder, 1973 and 1974).

Cellular proliferation is generally absent, but a slight increase
in the mesangial area of the sclerosed glomeruli may be seen (White et
al, 1970). TPocal tubular atrophy can be seen, which may be accompanied
by interstitial fibrosis (Jenis et al, 1974; Nagi et al, 1971).

Blectron microscopy

The basement membrane in the affected area usually shows irregular

thickening.  Segmental fusion of the epithelial cell foot processes



can be seen in all glomeruli. This is accompanied by epithelial
pseudo-villous formation (Newman et al, 1976; Hyman and Burkholder,
1973). Granular electron-—dense deposits are observed in the subendothelial
and paramesangial areas (Newman et al, 1976; Hyman and Burkholder, 1973
and 1974), although Nagi et al (1971) failed to demonstrate any dense
deposits in their patients.

Spherical viral-like particles were demonstrated in 6 out of 16
patients of Jenis et al (1974).

Immunofluorescence

Granular segmental deposits of IgM and C3 are usually present in the
sclerotic areas of the affected glomeruli, and to a lesser extent IgG
and IgA (Newman et al, 1976; Jenis et al, 1974; Hyman and Burkholder,
1973 and 1974). Nagi et al (1971) failed to demonstrate any immuno-

globulin or fibrin in their 7 patients with this disease.

Serological findings

Complement component levels are usually nommal (Hyman and Burkholder,
19733 Jenis et al, 1974; Ruddy et al, 1975). Circulating immune complexes

may be found in some patients (Woodroffe et al, 1977).

Prognosis

The disease is usually progressive and the prognosis is poor. Renal
failure develops within a few years of the onset and the lesion is
usually steroid resistant (Nagi et al, 1971; Jenis et al, 1974; Hyman

and Burkholder, 1973).
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Systemic lupus erythematosus and the kidney

Systemic lupus erythematosus is another example of immune complex
disease (Kohler, 1973), which occurs mainly in females and affects
many systems of the body (Hughes, 1975).

The aetiology of the disease remains elusive, indications of a
genetic role in the aetiology of systemic lupus erythematosus have
come from family and twin studies. Arnett and Shulmen (1976) reported
the presence of systemic lupus erythematosus in more than one member of
the family. HRlock and Christian (1975) reported that the disease could
be found in approximately 1-2% of the first degree relatives of SLE
patients. Some authors consider that SLE has an infective aetiology.
Gyorkey et al (1969) stated that a virus might be the agent producing
the initial injury which provokes the immune mechanism. Panem et al
(1976) isolated C~type viy al antigens from renal biopsies of patients
with lupus nephropathy and in 1978 they detected immune complexes
containing HEL-12 virus antigens in kidneys of 43 out of 44 patients with
systemic lupus erythematosus. Evans et al (1971) detected raised
antibody titres to Epstein-Barr virus in 62 of the sera from 100 cases
of SLE. Sunlight and drugs (such as hydrallazine and procainamide are
other iniating causes of the SLE (Hughes, 19753 Zech et al, 1979). The
renal involvement in SLE ranges from about 50% to 70% (Hughes, 19753
Leaf and Cotran, 1980).

The histological changes ~a.:r'e divided into 4 main categories, and
the clinical presentation which indicates renal involvement varies
according to these changes:

1« Minimal changes or mesangial lupus nephritis. In this group the

patients usually present with microscopic haematuria with slight
proteinuria, and normal renal function. The urinary abnormalities

may be absent in some instances (Baldwin et al, 1977).
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Pathology

Light microscopy

The glomeruli may be normal or there may be a slight increase in the
mesangial cells and mesangial matrix (Baldwin et al, 1977).

Blectron microscopy

Mesangial dense deposits can be seen in all glomeruli (Baldwin et al,
1977).

Immunofluorescence

TG and C3 deposits can be seen in the mesangial area. IgA and IgM
can be seen sometimes (Baldwin et al, 1977; Andres et al, 1978).
Pioggosis

The lesion may remain stable and the patient may live for years

without any deterioration of the renal function. In some other patients

the lesion progresses into other histological forms (Baldwin et al, 1977).

2. Diffuse proliferative lupus nephritis

In this group patients usually present with nephrotic or nephritic
syndrome, or both. Hypertension is common (Leaf and Cotran, 1980).
Proteinuria was reported in all Baldwin et al (1977) patients with this
lesion and heavy microscopic haematuria occurred in the majority of

these cases.

Pathology

Light microscopy

All glomeruli are usually affected. Diffuse mesangial and endothelial
cell proliferation can be seen, this may be accompanied by exudative
changes. "Wire loop" lesions, i.e. local regions of greatly thickened
capillary wéll, and fibrinoid necrosis may coexist. Epithelial
crescents are common and are usually small (Burkholder, 1974; Baldwin et

aly, 1977). Some glomeruli may appear sclerotic. Tubular atrophy and
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vasculitis may be seen (Andres et al, 1978).

Electron microscopy

Electron~dense deposits can be seen in the sub-endothelial and
mesangial areas, and sometimes the deposits can be seen in sub-epithelial
and intramembranous areas; they are usually large in size (Baldwin et al,
19773 Barkholder, 1974).

Immunofluorescence

Diffuse granular deposits of IgG and C3 can be seen along the
glomerular capillary walls. IgM and IgAmay show .positive staining

(Baldwin et a1,1977)e

~Prognosis

Remission may occur with treatment but relapses are common; xenal
failure develops in the majoxrity of patients with this lesion (Leaf and

Cotran, 1980; Baldwin et al, 1977).

3. Tocal proliferative lupus nephritis

In this type the patients usually present with recurrent haematuria
and proteinuria. Hypertension occasionally occurs (Baldwin et al, 1977).

Light microscopy

This type is characterized by segmental ﬁrolifera‘tion in some glomeruli
and other glomeruli show no changes. Focal proliferation of endothelial
and mesangial cells, wire loop, and fibrinoid deposits may be seen. In
portions of glomeruli, focal crescent and capsular adhesions can be
observed (Burkholder, 1974).

Electron microscopy

Electron-dense deposits are mainly seen in the mesangial region
(Andres et al, 1978).

Tmmunofluorescence

Granular deposits of IgG and C3 are usually present, predominantly

in the mesangial areas of all glomeruli. IgM and IgA may be present



48,

(Baldwin et al, 1977; Andres et al, 1978).

Prognosis

The course of this type is favourable, more so than the other fomms,
and complete remission may occur (Baldwin and McCluskey, 1968; Baldwin et
al, 1977). Transition from this form to another, e.g. diffuse proliferative

GN, and membranous GN has been reported (Baldwin et al, 1977).

4 Membra.nous lupus nephritis

In this type the patients present with proteinuria which is usually
severe and may be accompanied by nephrotic syndrome. Haematuria (usually
microscopic) and hypertension may occur (Baldwin and McCluskey, 19683
Baldwin et al, 1977).

Light ﬁicmscopy

The histological lesions resemble those seen in idiopathic membranous
glomerulonephritis (Burkholder, 1974). The glomeruli show uniform
thickening of their capillary walls. Spiky projections are usually
seen (Andres et al, 1978).

Electron microscopy

Tusion of the epithelial foot processes and sub-epithelial deposits
can be seen by electron microscopy. Mesangial dense deposits may be seen
and can differentiate this type from the idiopathic one (Andres et al,
1978).

TImmunofluorescence

Granular deposits of IgG and C3 can be demonstrated along the capillary

walls (Andres et al, 1978; Baldwin et al, 1977).

Pro.@osis
The course of this type is slow and it may take many years before
the renal function declines. Remission after steroid treatments may

occur (Baldwin and McCluskey,1968; Baldwin et al, 1977).
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Serologi.cal findings in ASLE

Serum complement components are commonly reduced in SLE especially
C4, C3 and Clq (Ruddy et al, 1975; Leibowitch et al, 1980). An
antinuclear factor is present in the great majority of cases. Antibodies
to INA also occur and generally correlate with disease activity (Hughes,
1971, 1975).
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Renal lesions in suba.cu"te bacterial endocarditis

Diffuse glomerulonephritis accompanies this condition and appears
to be immunologically mediated. The complement system is activated
either by immune complexes or by direct action of the causative organism

antigens (Boulton-Jones et al, 1974; Pertschuk et al, 1976).

Clinical presentation

Macroscopic or microscopic haematuria is the most important sign
which indicates renal lesion (de Wardemer, 1973). Nephrotic syndrome
and progressive renal failure may occur in some patients (Boulton=Jones

et al, 1974).

Pa‘thology

It seems that the renal lesion depends on the size of the immune
complexes. Boulton-Jones et al (1974) reported that small complexes
formed in antigen excess were 1océliied in a sub=epithelial position
and were associated with diffuse proliferation, whereas larger complexes
formed in antibody excess were localized on the inside of the glomerular
basement membrane and were accompanied by a focal nephritis. According
to this, the renal lesgion is divided into two types:

1+ Acute diffuse glomerulonephritis

This type is similar to the lesion in acute post-streptococcal
glomerulonephritiss Microscopically there is proliferation of the
endothelial and mesangial cells, accompanied by polymorph leukocyte
infiltration (Tu et al, 1969). Sub-epithelial and sub=-endothelial
electron-dense deposits can be seen by electron microscopy (Pertschuk
et al, 19765 Tu et al, 1969). By immunofluorescence, diffuse granular
deposits of complement with or without IgG and IgM can be seen in the

glomerular loop (Pertschuk et al, 1976; Boulton-Jones et al, 1974).
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2. Tocal proliferative glomerulonephritis

Tocal and segmental proliferation of the endothelial and mesangial
cells can be seen by light microscopy, focal crescents and capsular
adhesions occasionally occux. Sub~-endothelial deposits can be demon-
strated by electron microscopy (Burkholder, 1974). Diffuse granular
pattern of IgG, I&M and complement are usually demonstrated on the
glomerular capillary wall and mesangial area by immunofluorescence

(Boulton-Jones et al, 1974).

Seroclogical findings

Circulating immune complexes can be detected in most cases,
rheumatoid factor titres are often elevated, and serum concentration
of complement components are often depressed (Bayer et al, 1976;

Mohammed et al, 1977).

Prognosis
Successful eradication of the infection will often reverse renal
disease unless it is far advaenced (Gutman et.al, 19723 Boulton=Jones

et al, 1974; de Wardener, 1973).
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Post-staphylococcal glomerulonephritis (Shunt nephritis)

The association of nephritis with an infected ventriculoatrial
shunt in hydrocephalic patients was reported by Black et al (1965).

Their patients, +*wo children with ventriculoatrial shuni, presented
with nephritic syndrome and bacteraemia due fo coagilase:negative
staphylococcus.,

This was followed by a report by Stickler et al (1968) in which they
reported 6 cases with diffuse glomerulonephritis and associated infected
ventriculoatrial shunt. The infecting organism was a coagulase negative
staphylococcus in all but one patient with coagulase positive staphylo-

CoCcCus.

Clinical presentation

Patients may present with nephrotic or nephritic syndromes and gross

haematuria is common (Stickler et al, 1968).

Pathology
Light microscopy

Renal biopsy shows a diffuse GN with proliferation of the endothelial
and mesangial cells with glomerular lobulation. Polymorph leukocyte
infiltration can be seen, and thickening of the basement membrane is
usually observed (Dobrin et al, 1975; Sato et al, 1979).

Blectron microscopy

Gravular dense deposits can be seen on the sub-endothelial area
(Dobrin et al, 1975).

Tomunofluorescence

Granular deposits of IgG, IgM and C3 are usually seen along the
glomerular basement membrane and in the mesangial area (Dobrin et al,
1975).  Staphylococcus antigen is detected in the kidney tissue in

some-instances (Sato et al, 1979).
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Serclogical findings

The serological findings of this disorder are similar to those of
infective endocarditis. Serum complement components are often low.
The rheumatoid factor titres are often elevated. Circulating immune
complexes can be detected (Dobrin et al, 1975; Pertschuk et al, 1976;

Sato et al, 1979).

Prognosis
After removal of the infected shunt, the course of the disease is
usually regressive (Stickler et al, 1968; Dobrin et al, 1975; -Black

et al, 1965).



54

n
Henoch=Schonlein purpura and the kidney

This disease is principally a disease of children and young adults
but it can occur at any age (Iillastre et al, 19713 Ballard et al, 1970).
It is presumed to be immunologically mediated and characterised by
vasculitis, purpura, arthritis and involvement of other organs, e.g.
the kidney and gastrointestinal tract (Ballard et al, 1970; de Wardener,
1973). In some instances it may be preceded by drug ingestion, e.g.
tetracycline, acetyl salicylic acid and penicillin or by upper respiratory
tract infections (Robayashi et al, 1977; Ballard et al, 1970). The
majority of cases give no history of any cause (Kobayashi et al, 1977).
Renal manifestations include; macroscopic haematuria in most cases but
microscopic in others; proteinuria, which may be mild or sometimes
may be severe enough to cause a nephrotic syndrome; hypertension may
also occur (Ballard et al, 1970). The renal changes observed by light
microscopy may be divided into 4 main groups and the prognosis varies
according to these changes:

1. Normal or minimal changes

The renal biopsy is usually normal or may show a slight mesangial
proliferation in a few glomeruli, The prognosis of those patients is
good (Kobayashi et al, 1977; Counahan et al, 1977).

2. Acute diffuse proliferative type

The histological changes are similar to those seen in acute post=
streptococcal Q. There is usually slight proliferation of endothelial
and mesangial cells. Complete remission may occur in patients with
this lesion (Counashan et al, 1977; Ballard et al, 1970).

.3. Diffuse GN with proliferation of the epithelial cells lining Bowman's
capsule and crescent formation in the majority of the glomeruli. The |
lesion is usually progressive and end-stage renal failure occurs

(Counzhan et al, 1977; Kobayashi et al, 1977).
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4. Tocal X

This is the most common histological change seen in HSP. It is
characterized by focal proliferation of endothelial and mesangial areas
(Kobayashi et al, 1977). The prognosis of this type is usually good
and patients go on to remission and sometimes complete healing (Kobayashi
et al, 1977; Pillastre et al, 1971).

Electron microscopy

Electron~dense deposits in granular pattern can be seen in mesangial
and endothelial areas (Kobayashi et al, 1977).

Immunofluorescence

IghA, I2G and complement can be seen mainly in the mesangial area

(Morel-Maroger, 1976; Fillastre et al, 1971).

Serological findings

Serum IghA levels may be elevated in some cases (Whitworth et al, 1976).
Serum complement levels are nearly always within normal limits (Ballard
et al, 1970; Kobayashi et al, 1977). Circulating immune complexes may

or may not be found (Pussell et al, 1978; Woodroffe et al, 1977).



Goodpasture's syndrome

This syndrome is characteriZzed by episodes of pulmonary haemorrhage
and haematuria, associated with severe progressive glomerulonephritise.

The lesion is mediated by antibodies directed toward the glomerular

and pulmonary basement membrane (Benoit et al, 1964; Canfield et al, 1963;

Leaf and Cotran, 1980).

The aetiology of this disease is unknown; it may follow influenza
infection (Wilson and "Smith, 1972; Perez et al, 1974), penicillamine
treatment (Sternlieb et al, 1975), or may follow hydrocarbon inhalation
(Beirne and Brennan, 1972). These factors may cause pulmonary damage
and allow the circulating antibodies to react with the alveolar basement
membrane which is antigenically similar to the glomerular capillary
basement membrane and therefore the antibodies produced cross react

with GAM which cause the renal injury.

Clinical manifestation.

Haemoptysis is usually the first symptom to appear with cough and
dyspnoea. accompanied by a nephritic syndrome and macroscopic or

microscopic haematuria. Oliguria may be found, and also proteinuria
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which may cause a nephrotic syndrome (Proskey et al, 1970; Canfield et al,

19633 Briggs et al, 1979).

Renal pathology

Light microscopy

The glomerular lesions vary from focal proliferation to diffuse
proliferation with crescent formations (Briggs et al, 1979). The
earliest lesion shows focal proliferation in the tuft. Fibrinoid
necrosis is usually seen within the tuft (Proskey et al, 1970).
Epi’che}ial cell proliferation occurs at the affected area at first

then the proliferation spreads to involve the whole tuft with crescent
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formation. This progesses to fibrosis and capsular adhesion. The
glomerular basement membrane may be thickened (Berlyﬁe, 19793 Morel=-
Maroger, 1976). Tubules may be dilated in some patients and atrophied
in others (Benoit et al, 1964; Proskey et al, 1970).

Electron microscopy

By electron microscopy,endothelial cell proliferation can be seen and
may fill the capillary lumen. There is hypertrophy of the mesangial
cells, and the mesangial area appears large (Burkholder, 1974). The
basement membrane materials are increased and the foot processes are
usually lost. Epithelial pseudo=villi may be seen, fibrin may be
present beneath the endothelium (Proskey et al, 1970; Heptinstall, 1974).

TImmumnofluorescence

Diffuse deposition of IgG with or without C3 along the GEM in linear

pattern is usually found in this disease (Brigges et al, 1979; Perez et

al, 1974).

Serological findings

Serum complement components remain normal or fall with the development
of end-stage renal failure (Glassock, 1979). Circulating antiglomerular
basement membrane antibody can be found in the majority of patients with
this syndrome. Circulating immune complexes are not found (Glassock, 1979;

Woodroffe et aly 1977)...

Prognosis and treatment

The disease is usually progressive and fatal (Benoit et al, 1964),
spontaneous remission may occur (Wilson and Smith, 1972), but it is
UNCcommon. Patients may die from pulmonary insufficiency or renal
failure (Benoit et al, 1964), although haemodialysis may maintain the
patient's life. Immunosupj;ression and steroids may or may not induce

remission. Seaton et al (1971) reported remission in two patients
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treated by steroids and immunosuppression. Lockwood et al (1975)
reported recovery in patients with Goodpasture's syndrome after

treatment with plasmapheresis and immunosuppreésive drugs.



Polyarteritis nodosa and the kidney

This is an inflammatory condition which affects medium and small
arteries throughout the body. The lesion may be seen in any organ or
tissue. Renal involvement occurs in the majority of cases and death
from renal failure is common (de Wardener, 1973; Baldwin and McCluskey,
1968)., Australia antigen can be found in about 50% of these patients
(Trepo et al, 1974) which denotes that immune complexes may be responsible
for the mechanism of this disease. The early report came when Gocke. et
al (1970) reported four patients positive for Australia antigen out of
eleven with PAN and immunofluorescent studies of tissue from one patient

showed deposition of Australia antigen, IgM and C3 in blood vessel walls.

Clinical presentation

The patients present with microscopic haematuria and an acute nephritic
or nephrotic syndrome. Hypertension is usual. Other patients may
present with ARF (de Wardenexr, 1973 Damady et al (1955) reported renal

tubular damage in patients with PAN.

Pathology

Light microscopy

In the macroscopic form, the involvement of the kidney is manifested
by necrotizing changes in the arteries.of different sizés, either with
or without necrotizing and proliferative glomerular lesions (Andres et
al, 1978).

In the microscopic fomm, the most conspicuous changes are in glomeruli
which show areas of fibrinoid necrosis restricted to a few lobules or
affecting the entire tuft. This may be accompanied by crescent foxmation
and capsular adhesions with polymorph infiltration (Andres et al, 19783
Heptinstall, 1974).

BElectron microscopy

In some patients electron-~dense deposits have been seen both beneath

the BY and in subepithelial areas (Heptinstall, 1974; Andres et al, 1978).
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Tmmanofluorescence

In a few patients IgG, IgM and C3 may be found in a grahular
pattern along the glomerular capillary walls. Australia antigen (HbsAg)
may be indentified in the walls of the vessels of some patients (Andres
et al, 1978). Fibrinogen may be the only constituent in other patients
(Heptinstall, 1974; Andres et al, 1978).

Serological findings

Australia-antigen or antibody may be found in the serum of patients,
and circulating immune complexes detected in some cases (Gocke et al,

1970; Trepo et al, 1974; Woodroffe et al, 1977 ).

Progno sis

The renal lesion may remit and relapse although progession to renal
failure with death from end-stage renal failure may occur (Spencer and
Rose, 1957). The prognosis has become better since the use of high

dose corticosteroids (de Wardener, 1973; Berlyne, 1979).
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Malaria and the kidney

The association between quartan malaria and nephrotic syndrome has
been known for many years. Gilles and Hendrickse (1963) and Kibukamusoke
et al (1967) reported that the majority of African children who presented
with nephrotic syndrome, had Pl‘asmodium malariae in their peripheral
blood., It has been suggested by Gilles and Hendrickse (1963) that the
renal damage is due to the formation of immune complexes. This is
confirmed by the observation of Ward and Kibukamusoke (1969) and Allison
et al (1969) in which they demonstrated the presence of complexes in the
kidney of children with malarial nephropathy. McGregor et al (1968)
isolated soluble antigens from the serum of patients with Plasmodium

falciparum malaria.

Clinical presentation

Patients usually present with a nephrotic syndrome. Severe oedema
is usually present (Gilles and Hendrickse, 1963%; Kibukamusoke et al,
1967). Proteinuria is usually heavy and of non~selective type;
haematuria is microscopic although macroscopic haematuria may occur less
often, and granular casts may be present (Gilles and Hendrickse, 1963;

Kibukamusoke et al, 1967).

Pathology
Light microscopy

The renal lesion is characterized by capillary-wall thickening and
segmental glomerular sclverosis, or by focal proliferative GN with
variable focal and segmental proliferation of the endothelial and
mesangial cells; crescent foxmation is unusual (Edington, 19673 Gilles
and Hendrickse, 19633 Tighe, 1975). TVoller et al (1971) reported a
generalized diffuse glomerulonephritis with proliferative mesangial

and membranous changes in a kidney at autopsy from a monkey infected
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with Plasmodium malariae.

Electron microscopy

Granular electron-dense deposits can be seen on the endothelial
surface. Sub=epithelial deposits are not common in quartan malarial
nephropathy but Allison et al (1969) reported sub-epithelial deposits
in some biopsy specimens. Endothelial and mesangial cell proliferation
can be seen. The basement membrane is moderately thickened and there ié
fusion of the epithelial foot processes (Tighe, 1975).

Immunofluorescence

IgM, IgG and C3 are usually present along the capillary basement
membrane in granular pattern. IgM is usually more common than othex
immmoglobulins (Tighe, 19753 Ward and Kibukamusoke., 1969). Malarial
antigens are detectable in the glomeruli in some cases (Ward and

Kibukamusoke, 1969).

Prognosis

Patients with malarial nephropathy show little or no response to
antimalarial . therapy or immunosuppressive agents (Glassock, 1979;

Kibukamusoke et al, 1967).
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Secondary syphilis and the kidney

Some patients develop renal lesions during the course of secondary
syphilis, presenting with a nephrotic syndrome (Robins and Ladd,
1962). It has been reported that ‘the renal injury is mediated by
antigen-antibody reactions (Falls et al, 1965). Warthin (1922) reported

the presence of the spirochaetes within the tubules of the kidneys.

Pathology
Light microscopy

Proliferation of the endothelial and mesangial cells which leads to
glomerular hypercellularity and endothelial enlargement can occasionally
be seen (Braunstein et al, 1970). ' Focal thickening of the capillary
wall may be seen. Some loops of the PCT may c'on‘tain hyaline droplets
(Falls et al, 1965). |

Electron microscopy

The endoﬁhelia.l and mesangial cells show slight swelling and there may
be focal swelling of the BM. The most conspicuous bi‘eature is the
presence of sub-epithelial "humps'*" like electron-dense deposits
(Braunstein et al, 1970). Extensive fusion of the epithelial cell foot
processes can be demonstrated (Falls et al, 1965).

Immnofluorescence

I8G was demonstrated by Braunstein et al (1970) in the capillary loops

of the glomeruli, but they failed to demonstrate IgM, IgA or complement.

Prognosis
All of these changes regress and the kidney may returm to normal

during antisyphilitic therapy (Falls et al, 1965).
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Immuni't;:y to Infection

Immunity is the state of response to, recognition of and elimination
of antigens, and it thereforée gives resistance to the body against
the invasion of pathogens. Tmmunibty is divided into natural (inna.te
or non-specific) immunity, and acquired (specific) immunity (Roitt,
1980; Herbert and wilkinson, 1977).

A. Natural (innate or non=specific) immunity

This foxms the first line of protection against infections and is
associated with the following factors:

Age: The susceptibility of the very young and very old groups
to infection; for example, pneumonia is more likely to be fatal in
the elderly, as is septicesma with E.coli in the newborn (Bellanti,
1978).

Race: eege Negroes are more susceptible to tuberculosis than whites
(Bellanti, 1978).

Hommonal factors: e.g. Susceptibility to infection in patients

treated with corticosteroids and patients with diabetes mellitus (Bellanti,
1978).

Ana:tomic factors: The first line of defence against infection is

usually provided by the skin and the mucous membranes (Bellanti, 1978).

Biochemical factors:

a. Opsonins = factors present in plasma and other body fluids
which bind to microorganisms and make them more susceptible
to ingestion by phagocytes (Drutz and Mills, 1980). They
may be: (1) Antibody, (2) Activated products of complement
component, (3) Non-antibody, non-complement factors (Herbert
and Wilkinson, 1977).

b. Lysozyme =~ the enzyme present in tears, salive and rnasal

secretion has bacteriocidal activity and potentiates the action
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of the complement on bacteria. It has been called a natural
antibody (Bellanti, 1978; Drutz and Mills, 1980).

c. The complement system - this is an important effector -system-which
consists of a number of separate plasma proteins and plays an
important role in the host!'s defence against infections.(Ruddy
et al, 1972; Lachmann, 1975). The complement system may be
activated thrbugh two routeé:

- The classical pathway is initiated by antigen-antibody inter—

action. Activation starts at the first complement component,

C1, when it binds to the Fe portion of antigen=antibody complexes

(usually IgM or IeG)(Lachmann, 1975).

- The alternative pathway (properdin pa‘thway) is activated by

many substances such as gram negative endotoxin, a factor from

cobra venom, zymosan and heat-aggregated IgA. Activation

starts at C3 (Lachmann, 1975; Ruddy et al, 1972).

The complement activation results in the following biochemical

eventss

i (Chemotaxis. This seems to be the function of the activated
complements C567 as well as C3a and C5a. Polymorphonuclear leukocytes
and possibly macrophages show chemotaxis towards these components (Drutz
and Mills, 1980; Brown, 1975).

ii Immune adherence. This is a function of C3b which binds ‘o

macrophages, neutrophils, and T and B lymphocytes by the C3b receptors
on the walls of these cells, +thus eﬁhancing phagocytosis (_Brovm, 19753
Ruddy et al, 1972).

iii Anaphylatoxin. C3a and C5a cause the degranulation of masi

cells and basophils, causing the liberation of vasoactive amines, €+ge
histamine. These substances increase the capillary pemmeability, act
as vasodilators and lead to the accummulation of neutrophils (Ryan and

Majno, 1977; Brown, 1975).
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iv Cell lysis.. This is due %o the action of the activated C5-C9

(Ruddy et al, 1972; Brown, 1975).

de

Ce
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Interferon = this is a non~immunoglobulin protein which is
produced in response to viral infection by almost all nucleated
cells, It stimulates cells to produce a second protein which
blocks translation of viral messenger RNA, and thus protects
them from infection. It is a none-specific anti-viral agent

as it can act on all viruses, but viruses can escape from the
effect of interferon (Herbert and Wilkinson, 1977; Fermer and
White, 1976).

Physiological factors =~ gastric juice can destroy some ingested
bacteria (Bellanti, 1978).

Cellular factors = e.g. macrophages and polymorphonuclear
leukocytes., These cells are characterized by their capacity
to phagocytose foreign particles by a process called phagocytosis
(cell eating) (Bellanti, 1978).

The steps of phagocytosis are the following:

i = Chemotaxis. Movement toward the object.

ii = Attachment to the object usually following its opsonization.

1ii = Ingestion by vacuole formation, killing and destruction of

the microorganism (Bellanti, 19783 Drutz and Mills, 1980).
There are a number of killing mechanisms operating :Ln the
phagolysosomes, four of which are:

- Low“pH and lactic acid.

~ Phagocytins (a group of basic proteins lethal for many gram-
positive and gram-negative organisms.

- Lysozyme (a major lysosomal enzyme which can lyse some gram-
positive organisms.

- Hydrogen peroxide (which is produced by the oxidation of glucose

through the hexose monophosphate shunt in conjunction with halide
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ions (€1~ or I"), and myeloperoxidase. This is an important
mechanism for phagocytic killing of many bacteria and fungi

(Bellanti, 1978; Drutz and Mills, 1980).

B. Acquired (specific) immunity

1« Passive immunity: By transferring immunity from an immune to a:
non~immune person. This may be:

2. Natural: This immunity is transferred from the mother to the
neonate through the placenta (IsG) and colostrum (Igh)(maternal
immunity).

be. Artificial: By giving gamma globulin or antitoxin, as in the
treatment of immunodeficient states, +tetanus and diphtheria
(Herscowitz, 19783 Janeway and Rosen, 1966).

2. Active immunity: The immune response of the body which gives
protection of the individual against infection. This may be

a. Natural, e.g. The immune response following infection

b. Artificial, e.g. After deliberate vaccination (Herscowitz, 1978)

The compone:;'ts of the specifj:c immune response

There are two types of effector mechanisms that mediate specific
immune responsess:
1¢ Cell mediated immunity: This is mediated mainly by T-lymphocytes.

2. Humoral immunitys: This is mediated by B-lymphocytes.

T—lymphocytes (cell mediated immunity)

T cells arise in the bone marrow and differentiate in the thymus.
They possess specific rece}'v'bors for antigen (Marchalonis, 1975). On
contact with the appropriate antigen these lymphocytesA mature into:

2. Helper T cells. These cells co=operate with B cells in antibody

formation (Paul and Benacerraf, 1977).



be Suppressor T cells: These cells are able to suppress the action

of specific B cells and so prevent their differentiation into
antibody producing cells (Paul and Benacerraf, 1977).

ce Cytotoxic T cells: These cells have cytotoxic activity with
target cells (Bellanti, 1978).

de Memory cells: These are generated during the initial exposure
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1o the antigen; secondary responses are dependent on the existence

of these cells (Herscowitz, 1978).

Activated T cells can kill target cells either directly or through
the elaboration of .soluble factors known as lymphokines. Some of the
most important 1ym§hokines are macrophage inhibition and activation
factors, chemotactic factors, 'Eranéfer factor, lymphotoxin, cell
growth inhibitors and inteiferon (Irvine, 1979; Herbert and Wilkinson,

1977).

Killer cells

Another cellular type important in cell -m‘edia't';evd i'eactions is the
killer or K cell, which is capable of killing target cells coated
with IgG antibody in an antibody-dependent cellular cytoxicity (ADCC)
mechanism. The nature and origin of these cells ére still debated

(MacLennan and Harding, 1974; Bellanti, 1978).

B=lymphocytes

B cells are derived from the bone marrow (or bursa of fabricius in

birds). These cells possess specific receptors for antigens (Marchalonis,

1975). VWhen B cells are stimulated by an -antigen they differentiate

intc memory cells and plasma cells. The latter are the major antibody

synthesizing cells (the gtructure and f‘unctivon of antibodies are discussed

below). Thus B cells are responsible for humoral immunity (McConnell,

19763 Herscowitz, 1978).
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B~-lymphocytes and thymus dependent antigens

Both B and T cells have specific receptors for antigens on their
surfaces. Certain antigens are capé.ble of reacting directly with the
corresponding antibody (usually of IgM class) on the surface of a B cell
to induce it to transform into active plasma cells. In the case
of thymus-dependent antigens such as haptens and simple proteim in
some cases, antibody production (usually of IgG class) seems to

require T cell help (McConnell, 1976; Paul and Benacerraf, 1977).
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Stracture and function of antibodies

Mntibodies are high molecular weight proteins secreted mainly by
plasma cells in response to stimulation by antigen and have the molecular
properties of immunoglobulins. They are present in the serum in differemt
amounts which may vary considerably in disease (Nezlin, 1977; Herbert and
Wilkinson, 1977). 1In man there are five main classes of immunoglobulins,

I1gG, I&M, IgA, Ig8D and IgE.

Structure of antibodies

The immunoglobulin molecule consists of four polypeptide chains,
two identical heavy and two identical light chains, which are formed
of amino acids linked together by peptide bonds (Porter, 1967, 1973).
Bach chain consists of two regions known as the variable amino-terminal
portion and constant carboxyl-temminal portion, each of which in turn
is determined by at least one gene (Nezlin, 1977; Goodman and Wang,
1980)., The four chains are held together by disulphide bonds (Porter,
1967).

The light chains are of two types, Lambda (L) and Kappa (K), of
vhich individual immunoglobulins have only one type (Nezlin, 1977;
Porter, 1973).

The heavy chains are of five main types each of which gives rise to
a distinct immunoglobulin class and identified by the Greek~letter
equivalent of their class name, Y in IgG, M in IgM, ¢ in IgA, ¢ in
ID and T in IgE (Goodman and Wang, 19803 Nezlin, 1977).

The enzyme papain splits the Igimolecule into three fragments, two
identical fragments known as Fab (for fragment antigen binding) and
the third known as Fc (crystallizable fragment) (Porter, 1967, 1973).
The heavy chains each have a central flexible hinge area on whichvthe

Fab fragments can rotate (Goodman and Wang, 1980). The Fe. fragment
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of the heavy chain is responsible for the antigenic difference between
the classes of immunoglobuli_ns‘.(Low et al, 1976; Irvine, 1979). Digestion
of immunoglobulin with a proteolytic enzyme, pepsin, leaves two Fab
molecules held together by a disulphide bond and called ?E‘(a.b)2 (Porter,

19673 Nezlin, 1977).

Punction of antibodies

Immunoglobulin G(IsG)

IgG comprises about 75% of the total serum immunoglobulins. It
has a molecular weight of 140,000~150,000 and a sedimentation coefficient
of 78; it is distributed equally between the blood and interstitial
tissues (Nezlin, 1977; Turner, 1977). IgG antibodies are most often
formed as the secondary response to an antigenic stimulus (van Oss, 1979).
They can pass through the placental barrier from mother to foetus and
provide the neonates with passive immunization during early life (Irvine,
1979,). IgG antibody is a highly effective opsonin and can act as an
antitoxin (neutralising antibody)(van Oss, 1979). There are 4 subclasses
of IgG: 1IgGl, IgG2, I8GD and IgG4 and their biological function differs.
TgG1 and IgG3 fix cdmplement via the classical pathway and bind to
macrophages. IgG?2. fixes complement only weakly, I‘gG/A‘. is unable to fix
complement by the classical pathway (Goodman and Wang, .1980).  The four
subclasses can react with rheumatoid factor and cross the placenta

(Turner, 1977; Irvine, 1979; Goodman and Wang, 1980).

Immunoglobﬁlin M(Tan)

IgM is found mainly in the serum with a molecular weight of 900,000
and a sedimentation coefficient of 19S. It has a star shape with five
identical pentameric structures joined together by JF chain (Nezlin, 1977),
it is the earliest antibody response to a primary immme stimulus (Turmer,

1977). IgM titred rise rapidly within days of infection but decline after
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a few weeks. IgM does not pass the placenta, .. -F'.xe":‘» complement
but not rheumatoid factor, acts as a powerful agglutinating
antibody (van Oss, 1979), and plays an important role in the elimination
of large microorganisms from the circulation (Turner, 1977). IéM

antibodies can be made without T cell help (Irvine, 1979).

Immumoglobulin A(TeA)

The IgA molecule is found both in serum and in external secretions (e.g.
saliva, colostrum, tears and in the mucus of respiratory, intestinal,
and genito-urinary tracts)(Nezlin, 1977; Tumer, 1977). In sexum it is
monomeric with a molecular weight of 155,000 and sedimentation coefficiemnt
of 7S (van Oss, 1979), while in secretions it is usually in dimeric fom
with a molecular weight of 400,000 and sedimentation coefficient of 118§
(Goodman and Wang, 1980). The polymeric units of secretory IgA are
joined together by a J chain and a secretory piece (Nezlin, 19773

Turner, 1977).?&1341 molecule does not cross the placenta and does not
fix rheumatoid factor nor complement by the classical pathway, aH'\vxougL\
the aggregated form can activate the alternative pathway (Goodman and
Weng, 1980; Turner, 1977). Direct stimulation of mucous surfaces with
antigen leads to the formation of secretory IgA which can neutralize
viruses and can inhibit attachment of bacteria to epithelial cells_

(Williams and Gibbons, 19723 Turner, 1977).

Tmmunoglobulin D(IgD)

The IgD molecule is a monomer, it has a molecular weight of
184,000 and a sedimentation coefficient of 7-8S. It is present in
serum in small amounts. The main function of IgD has not yet been

determined (Goodman and Wang, 19803 van Oss, 1979) o but s a Surtace
C.ovv\‘;ov\ev\t 0‘(: ljm‘:\'\ocu{-c mcmbv&nes.
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Immunoglobulin E(IgR)

The IgE molecule has a molecular weight of 187,000 and a sedimentation
ncludes mast of
coefficient of 85 (van Oss, 1979). It b the reaginic antibody
and is present in serum in a very low concentration. The combination
of antigen (usually called allergen) with IgE molecules on the surface
of the magt cell triggers the release of vascactive amines which initiate
immediate hypersentivity (Tume:c, 1977). IgE levels may be increased
ten times or more in patients with allergic diseases (van Oss, 1979).

IgE may function in the defense against parasitic infection especially

intestinal helminths (van Oss, 1979).
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STRUCTURE AND FORMATION OF IMMUNE COMPLEXES

A. The Constituents of Immune Complexes

Immune complexes (IC) are macromolecular complexes formed as the result
of the combipnation of antigen and antibody. The complexes vary greatly in
size and structure depending on the size of the antigen, the class and avidity
of antibody, the incorporation of complement components, and the formation
of a lattice work strucﬁﬁ;e. The formation of immune complexes is a normal
part of the immune response, but in healthy individuals these are cleared
by the reticuloendothelial system. Failure to clear may cause immune complexes
to be deposited in tissues and lead to immune complex disease (WHO Scientific

Group, 1976; Carter, 1973; Maini, 1979).

TheAantigens involved in IC formation are proteins, nucleoproteins, poly-
saccharides, DNA and RNA, derived from viruses, bacteria, fungi and parasites,
as well as from body constituents (WHO Scientific Group, 1976; Theofilopoulos
and Dixon, 1979; Hughes, 1975; Roitt, 1980). Parenteral or oral administra-
tion of drugs can be a non-infectious source of antigens for IC formation.

The binding of IC to the Clq part of the first complement component can
trigger activation of the complement sequence, and result in the incorporation
of different complement fragments in the complexes. Binding of the IC to cell
membranes can be either by Fc receptors or C3b receptors. Human macropﬁages
and neutrophils have receptors for C3b, C3a and C5a, and eosinophils for C3a,
C3b, €3d and C5a (WHO Scientific Group, 1976). TFc receptors are present on

all these cells and also on human platelets.

B. Composition of Jmmune Complexes

(i) Lattice Structure When an antigen solution is mixed in the correct

proportions with antiserum a precipitate is usually formed. As more and

e
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more antigen is added an optimum is reached after which further addition

of antigen leads to progressively decreasing amounts of precipitate. At
this stage the supernatant can be shown to contain soluble complexes of
antigen (Ag) and antibody (Ab) mostly of composition Ag4Ab3, Ag3Ab2 and
Angb. Between these extreemes the cross-linking of antigen and antibody
will generally give rise to three dimensional lattice structures, which
coalesce to form large precipitating aggregates (Roitt, 1980). The
antigen~antibody interaction is reversible, especially with monovalent
antigens, and involves hydrophobic hydrogen bonds, van der Waal's forces

and electrostatic bonds, As at least part of antigen-antibody interac-
tions are due to electrostatic bonds, extremes of pH which make the proteins
either all positively or all negatively charged make them lose their capa-
city for attraction and may even result in charge repulsion, The addition
of a large number of counterions combining with the charged groups may

also lead to an increased rate of dissociation of the antigen-antibody bonds.
Thus high salt concentrations may also dissociate antigen-antibody complexes
which are partly or largely electrostatically bonded. Dissociation is most

frequently carried out at low pH (3 - 3.5) (van Oss, 1979).

The solubility of complexes is dependent on the macromolecular structure

of the polymerised antigen-antibody union. 1In the simplest forms, where

all the binding sites of the antigen are covered with antibody molecules,

or alternatively when both (IgG) antibody binding sites are occupied with
antigen, the complexes are small and soluble. These are of composition

Ag-Abn and Agz-Ab'respectively.

The simplest polymers produced would be linear ones of the form Ag-Ab-Ag-Ab-Ag.
With antigen and antibody valencies of 2, only these linear polymers can

be formed. Huge linear polymers of this kind can stay in solution. An

example would be DNA which can have molecular weights in the range of
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100 million daltons and still be soluble. 1If the antigen, whose
valency can differ from complex to complex, has a valency of two,
the complexes formed must all be linear. In vitro experiments have
established that with antigens of low valency (less than three)

precipitation of complexes is not found.

When the valency of the antigen is greater than two cross-linking of
the polymers is possible, and it is not surprising that with equi-
valence ratios of antigen and antibody that are large cross-linked
three dimensional lattices are formed and fall out of solution.
Obviously this might also happen with IgM antibodies and antigens
which only had a valency of two. The dimer of IgA with a valency of
four might also be able to make precipitating complexes with bivalent

antigens.

Involvement of Rheumatoid Factors Rheumatoid factor is an antibody,

usually of the IgM class; IgG and IgA rheumatoid factors do occur in
lesser amounts. Rheumatoid factor binds rather loosely with mnative

IgG, but much more tightly with aggregated IgG. Whether the aggregation
is produced by antigen or other factors such as heat, the binding of

the rheumatoid factor is increased when several bonds are made between
the rheumatoid factor and different aggregated Fc regions of IgG,

compared with the single bond which can occur to native IgG.

Rheumatoid factor occurs often in patients with rheumatoid arthritis,
but may occur in many other conditions, probably as a result of
immunisation with circulating IC. 1IgM rheumatoid factor produces
complexes with native IgG of a sedimentation constant of about 22
(van Oss, 1979), but may react with IC and become a component of the

IC increasing its size and complexity. The rheumatoid factor may,
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by binding to the Fe¢ regions of the complexed IgG, to some extent interfere
with the binding of Clq and hence affect complement activation by the

complex.

(iii) Involvement of Complement Components Complement components which interact

with and bind to IC are the early components of the classical pathway,
Cl, C4, C2 and C3. 1In addition if alternative pathway activation occurs
factor B and C3b of the amplification loop may also be present in signi-
ficant amounts. The quantities of the components depend on the degree of
activation of the pathways occurring, but may represent more than 50%

of the protein in some immune complexes. The Cl macromolecule consists
of one Clq molecule of 400,000 daltons and a tetramer to hexamer of Clr
and Cls (i.e. 4 x 83,000 daltons). In addition C4, C2 and C3 have a
combined molecular weight of about 500,000 daltons. Therefore the total
molecular weight of these components when attached to a complex of say
75,000 antigen and 300,000 antibody could exceed one million daltons

(Jones and Orlans, 1981).

(iv) Solubilisation of Immune Complexes by Complement The addition of fresh

normal serum to an immune precipitate may result in its solubilisation
(Takahashi et al, 1977; Czop and Nussenzweig, 1976)._ It has been reported
that complement activation by the IC leads to the interposition of C3b
molecules into the antigen-antibody lattice leading to its rearrangement
into smaller and therefore more soluble complexes. This process was
recognized in the course of experiments on the fate of immune complexes
attached through a C3b receptor to the surface of B lymphocytes. It was
found that in the presence of normal serum such complexes were released,

and were no longer capable of binding to the surfaces of fresh B lymphocytes,

or other C3b receptor bearing cells (Takahashi et al, 1977; Czop and
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Nussenzwelg, 1976).

It is now obvious that the release mechanism is the same process as the
solubilisation of antigen-antibody precipitates., It has been shown that
in rabbits with acute serum sickness, depletion of complement by cobra
venom factor delayed the removal of glomerular-bound radiolabelled
antigen (Bartolotti and Peters, 1978, 1979). Takahashi et al (1977)

have reported that during the solubilisation of BSA/anti-BSA immune
precipitates by human complement at least three stages can be distinguished.
First is the degeneration of alternative pathway C3 convertase sites
associated with the complexes. During the first few minutes of inter-
action between the immune aggregates and serum, before any solubilisation
has taken place, properdin factor B and C3 moieties are incorporated into
the lattice. The washed precipitates have C3 convertase activity, which

can be inhibited by antibodies to factor B, but not by antibody to C2.

The assembly of the convertase is temperature dependent and does not

take place in the absence of Mg ions, Thus it appears that it is due to
alternative pathway activation. The immune complex associated C3 conver-~
tase activity decays rapidly at 37C, but can be restored by addition of
purified factor B and properdin. An amplification step occurs next; C3
convertase bearing aggregates are incubated with purified C3, and solubi-
lisation takes place. It appears that solubilisation is caused by the
accumulation of a large number of C3 fragments on the Ag-Ab lattice. 1Imn
solubilized complexes, the molar ratios of Ab/C3 are close to one. The
final step in the solubilisation process is a secondary reaction, during
which some rearrangement of the lattice takes place. It occurs in medium

devoid of serum, and does not require divalent cations.

(v) Effect of Composition on Clearance In experimental animals phagocytosis
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by macrophages, polymorphs, eosinophils etc., is the normal fate of

large complexes, whereas complexes which are smaller or non-complement
fixing are cleared to some extent by the spleen (WHO Scientific Group,

1976; Mannick and Arend, 1971). The attachment of immune complexes to
macrophages is promoted by complement, but ingestion requires an intact

Fc region of the IgG in the complexes. If the class of antibody in IC

is such that it does not fix complement or does not interact with cellular
Fc receptors then the immune complexes may not be eliminated by the
phagocytic system and thus may be deposited in tissues, with resulting
injury (Theofilopoulos and Dixon, 1979). The activation of complement

by IC leads to the production of C3b which binds to receptors on macrophages
and neutrophils, thus enhancing phagocytosis of the IC. Beta-l-h and

KAF can cleave C3b so that proteolytic enzymes can cut off the C3d fragment.
If this happens to complexes, the C3d fragment which remains bound cannot

interact with C3b receptors, and clearance by phagocytes may be small

(Thompson, 1978).
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Immunity to bacteria

When bacteria enter the body the immune response involves the

interaction of T cells, B cells and macrophages (Bellanti, 1978).

Role of humoral antibody:

Humoral antibodies play a major role in the defence of the body
against bacterial infection. They protect against infection in several
Ways. Antibodies can neutralize toxins of certain bacteria, for example,
diphtheria and tetanus, and stop them from interacting with target organs
(Allison, 1979). Antibodies and complement produce holes in the cell
walls of certain bacteria; these allow the serum lysozyme to destroy
the bacteria (Roitt, 1980). When a specific antibody reacts with the
surface of a microorganism, the antibody-antigen complex sequentially:
activates the classical pathway and leads to the generation of immune
adherence, anaphylatoxin and chemotactic factors. The latter are able
to attract macrophéges and polymorphonuclear leukocytes to the sites of
bacterial invasion leading to phagocytosis and subsequent intracellular
.killing (Faulk and Greenwood, 1977). Opsonization of invading organisms
is another function of the antibody, for it promotes phagocytosis of these
organisms as discussed aﬁove (Drutz and Mills, 1980). The secretory Igi
antibody appears to inhibit bacterial adherence to mucosal surface (Willimns
and Gibbons, 1972). It seems that IgM antibodies have greater opsonizing,
bacteriocidal and agglutinating capacities than IgG, while IgG antibodies

have greater precipitating capacities (Bellanti, 1978).

Celiﬁlar immunity

Some strains of bacteria such as Myobacterium tuberculosis,
Myobacterium leprae, Brucella and Sazlmonella are able to live and
multiply within macrophages. In such infections, cell mediated immmity

is more important’than humoral immumity as the antibody cannot reach



intracellular organisms (Turk, 1978; Faulk and Greenwood, 1977).
Sensitized T cells can destroy bacteria either directly or through

the elaboration of lymphokines which attract macrophages to a site of

infection, where the activated macrophages can cause intracellular

killing of the organisms (Turk, 1978).

Tmunity to viruses

Viruses are the smallest infectious agents and are not nommally
visible with a light microscope, they are only capable of replication
within the living cells of a host. Viruses differ essentially in that
they contain either RNA or INA but not both (Fenner and White, 19763
Jawetz et al, 1978).

Some of the most important groups in man are:

a) DINA Viruses:

1. Herpes viruses: e.g. Herpes simplex, chicken pox, zoster and

infectious mononucleosis (EB virus).

2. Pox viruses: e.g. snallpox, COW DPOX.

3. Adenoviruses: e.g. respiratory diseases.

4., Papoviruses: e.g. warts.

b) RNA Viruses:

1. Arboviruses: e.g. Dengue fever, Yellow fever and encephalitis.

2. Orthomyxovirusess é.g. influenza.

3. Paramyxoviruses: e.g. parainfluenza, measles and mumps.

4. Fhabdoviruses: e.g. rabies.

5. Picorna viruses: e.g. poliomyelitis, Coxsackie and echo viruses.
Other important human viruses remain to be considered. These include
viruses that cause hepatitis (hepatitis A, which may be a picorna virus,
and hepatitis B, which may be aparvovirus.,) and viruses responsible for

certain immune complex diseases and for neurologic disorders with a long
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latent period ("slow" virus disease)(TFenner and White, 1976; Jawetz et
al, 1978). The immune response to viral infections involves the interplay
of T and B lymphocytes (Femner and White, 1976).

1. BHumoral factors: Antibodies probably constitute one of the more
important mechanisms of host resistance to viral infection (Allison,
1979; Fenner and White, 1976; Drutz and Mills, 1980). The antibody
response observed in viral infections follows the same steps as observed
with any other antigenic stimulus, TIgM titres rise rapidly within days
of infection but decline after a few weeks (Penner and Wnite, 1976),
whereas IgG continues to be synthesized for many years and often confers
protection against re-infection for life (Bellanti, 1978; Fenner and
White, 1976). The serum antibody molecule can neutralize viruses by
several mechanisms., It may prevent the access of viruses to the cells
thereby inhibiting the subsequent intracellular multiplication; it

may activate the classical complement pathway .and cause lysis of the
virus particles, or may promote phagocytosis with subsequent digestion
of the virus in phagolysosomes (i.e. it is an opsonizing antibody)(Drutz
and Mills, 1980; Roitt, 1980).

Sécretory IgA antibodies in secretions from mucous membranes are
important in preventing focal infection. The secretory immunoglobulins
have functional and structural properties different from those of the
serum immunoglobulins (Bellanti, 1978).

It is probable ﬂmt/tt\;umoral antibody response is more imporitant in
protection from re-infection (Turk, 1978).

2, Cell mediated defence mechanisms: Cell mediated immunity appears

to be important in infections with viruses, as antibodies cammot enter
the host's cells where the replication of vir(xses is taking place. Also
viruses can evade the harmful effects of the antibody by spreading from

cell to cell without passing through the extracellular fluid (Turk, 1978).
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Sensitized T cells can act against viral infection by a variety of mecans,
Tirstly by liberation of lymphokines which attract macrophages and
polymorphonuclear leukocytes which may destroy viruses or virus—infected
cells (Femner and White, 1976); secondly sensitized T cells can cause
lysis of virus infected cells;. thirdly, sensitized T cells can liberate
interferon which inhibits the replication of viruses within the cells .
and protects non-infected cells from viral infection (Drutz and Mills,
1980; Fenner and White, 1976).

Another protective mechanism against viral infection presumably occurs
through K cells which are cytotoxic to’virus-infecfed cells when coated
with specific IgG antibody in an ADCC reaction (Bellanti, 19783 MacLennan
and Harding, 1974).

Some viruses can persist and replicate for months or years in macrophages,
lymphocytes and in nerve cells, causing persistent viral infections, e.g.

herpes simplex and herpes zoster (Fenner and White, 1976).

Tmmunity to helminths

The protective mechanisms in helminthic infections such as flukes,
tape worms and intestinal round worms seem to act at an ‘early stage in
the life cycle of the worms in man (Turk, 1978). Helminthic infections
often stimulate the formation of large amounts of IgE, the combination
of wormm antigen with IgE antibody on the surface of mast cells triggers
the release of vasoactive amines which may cause worm expulsion from
the gut (Roitt, 1980; Turk, 1978). This mechanism leads to the release
of eosinophil chemotactic factor which attracts the eosinophils %o the
site of mast cell degranulation, awd. tkesé‘ may kill the worm with the
help of Igs antibody (Bellanti, 1978; Goodman et al, 1979). Cell mediated
immune mechanisms are also required in helminthic infections (Turk, 1978).
In schistosomiasis, where schistosome eggs stimulate marked granulomatous

reactions in host tissue, e.g. liver or bladder, it seems that the major

/
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aetiologic mechanisms responsible for this granuloma are cell-mediated

(Colley, 1977). Circulating immune complexes have been detected in

the sera of many patients infected with schistosomes, and these complexes

may induce glomerulonephritis (Colley, 1977). The adult schistosomes

evade the immune attack by antigen disguise, @ mechanism by which

the worms are covered with the host blood group antigens ,-!-t\ereL:! OL’J':\"'«:"\J
?nﬁzdﬁén from the immune response. This is also true for other types of

adult helminths (Faulk and Greenwood, 1977; Goodman et al, 1979).

Immunity to protozoa

Tmmunity to malaria is mediated by humoral antibodies of the IgG
class. These antibodies have been shown to be effective against the
parasite in the erythrocytic phase (Turk, 1978). The exact role of
cell mediated immunity in malaria is still under active investigation
(Cypess, 1978). Patients with African Trypanosomiasis may exhibit a
rapid marked increase in non-specific IgM globulins; this may be due
to polyclonal activation of B cells by a parasite product (Cypess, 19783
Heyneman and Welch, 1980). These parasites escape from the harmful
effeéts of the serum antibody by the faollowing mechanismse
a., Antigenic variation: This is a mechanism by which the parasites can

change their antigen structure in each stage of the_infectioﬁ. Thus

an immune response to one stage may be ineffective against the others

(Goodman et al, 1979; Faulk and Greenwood, 1977).

b. The presence bf circulating antigens of the parasites aione or in
immune complex  form,which may block the immune response (Goodman

et al, 1979).
ce Intracellular localization of the protozoa (Goodman et al, 1979).

Immunity to toxoplasmosis involves both humoral and cellular
components (Cypess, 1978). Cell mediated imfunity plays an

important role in the protection agéinst visceral and cutaneous
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leishmaniasice It also prevents the spread of the parasiteos
(Allison, 1979; Cypess, 1978).  Both toxoplasma and leishmania
can survive inside macrophages. The nature of any protective
immunity to intestinal protozoa, e.g. Bntamoeba histolytica is

still unknown (Cypess, 1978).

Tmmunity to fungi

The cell mediated immune response is important in the protection
against cutaneous fungal infections, e.g. dermatophyte infections which
involve the épidermis and its appgndages and can produce infections of
the scalp, of the skin and of the nails. Non—specifié immunity may
protect against these infections, e.g. sebaceous secretions help to
control ringworm infections of the scalp (Ballenti, 1978). 1In
subcutaneous fungal infections, e.g. sporotrichosis (chronic granulomatous
infection of skin,. lymphatics and other tissues)(Jawetz et al, 1978),
immunity mechanisms appear to include B and T cells and non-specific
factors (Bellanti, 1978). Cell mediated immunity appears to be important
in opportunistic fungal infections, e.g. candida albicans, which can
produce systemic disease in debilitated or immunosuppressed patients
(Jawetz et al, 1978; Turk, 1978).

In systemic fungal infections, e.g. cryptococcosis (cryptococcus),
coccidioidomycosis (coccidiodes) and histoplasmosis (histoplasma), both
humoral and cellu;ar immunity may be involwved. When these organisms
enter the body through the respiratory tract or the skin both macrophages
and neutrophils are able to phagocytize and destroy them, but they

can live within macrophages for long periods (Bellanti, 1978).
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Isolation and gstimation of Iimnune Complexes (IC') from Human Sera

Materials

1. Standard serum taken from a pool of more than 20 sera from the

ante-natal clinic, i.e. normal human serum with respect to IgM,

IgG and C1g levels. Individual normal human sexra were also taken
from laboratory workers. All sera were stored at -70°C for not

more than 3 months.

2. Test sera: Either used fresh or stored at -70°C.

3. Antisera (anti C1q, IgG, I&M and TeA) raised in rabbits by
immunisation with purified components, é.nd standardised by comparison

| with known reference antibody.

4. TParbitone buffered saline (BBS)

Stock solution was made up from 85g Sodium Chloride
3.75g Sodium Barbitone (BDH Chemical Ltd.)

5.75g Barbitone (Diethyl Barbituric Acid)
(EMH Chemical Ltda)

in 21 distilled water.

5. Working (BBS)

This was made by dilution of stock 1:5 with distilled water (pH at
25°C; 7.5).

6. Ethylene Diamine Tetra acetic acid (EDTA)

0.2 M EDTA made up from

T4.44 g EDTA disodium salt (Fison Lab. reagent)
in 1L distilled water. pH 7.6 and pH 8.6, pH adjusted with
10M NaOH.

7. ‘Polyethylene (lycol (PEG)

MW 6000 Daltons, Hopkins and Williams Ltd.
a -~ stock solution 209% W/V:

This was made up from QOg polyethylene glycol in 100ml of working BBES.
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b - Working solution of PEG:
129% PEG in working BBS and 60mM EDTA pH 7.5 made up from:

éml 20% W/V PEG in BBS
3ml 0.2M EDTA solution DH 7.6
1 ml working BBS

¢ -~ Washing solution of PEG:
2% PEG in 10mM EDTA pH 7.6 and BBS made up from:

5ml stock PEG in BBS
2.5m1 0.2 EDTA solution pH 7.6
42.5m1 BBS

8. Agarose (Indubiose A37) IBF Ltd.

Methods

The assay involved precipitation of soluble immune complexes from
serum by the addition of polyethylene glycol (PEG). The amount of Clg,
I1gG and IgM m the precipitate was measured by single radial immunodiffusion
(SRID), and presence or absence of Igh by double diffusion in agarose gel.
Values were compared with those obtained 1n this test from pooled and

single (nommal) human sera from healthy individuals.

PEG precipitation:

0.1ml of solution of 12% PEG in BBES containing 60mM EDTA pH 7.6,
was added to 0.5ml of the tést serum. The solutions were mixed
thoroughly, and left overnight at +4OC. Solutions were mixed again
before centrifuging at 1000x g for 20 minutes (4—400). The supernatants
were decanted by pouring and kept at +4OC. The pi‘ecipitates were washed
once with 2ml of 2% PEG in BBS containing 10mM EDTA pH 7.6, mixed,
and then spun as above (1000 x g; 20 minutes; +4°C).  The "wash" was
discarded and the pellet redissolved in 0O,5ml BﬁS. This was then well

mixed, and left for at least 30 minutes at room temperature.
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Mancini Gel Preparation

(For the estimation of Claq, IgM and IgG)
Each Mancini gel plate contains a total volume of 25 ml including the
entiserum,. The Mancini plate was prepared as the following example
for 10% anti-C1q antibody:

250mg Agarose (indubiose A37, IEBF Ltd.)

5ml 0.2M EDTA pH 8.6
17.5 ml working BBS
2.5 ml anti-Clq

The agarose, EDTA and BBS were gently heated until the agarose dissolved
and melted. This was then cooled to 5OOC and the antibody added and
mixed. The solution was then injected between 2 glass plates (250mm x
150mm), held 1mm apart by a zxrubber separator, where it rapidly cooled -
as shown by clouding of the gel. The plate was slid off and 4mm diameter
holes were punched in the gel and the circles of the agarose were removed
by suction. The distance between the centres of the wells in each row

and column was 715mm. This allowed a total of 66 wells per plate.

Single Radial Immunodiffusion (SRID)

101l of each sample (the PEG pellet re-suspended in BBS) was put
in each well. In addition, 101l of pooled or single, normal human
sera (suitably diluted in BBS) were added for controls. The piates were
incubated overnight at + 3700, and precipitin ring diameters measured
the following day to thé nearest 0. lmm. The amounts of antigen were

calculated from the standards included in each plate.

Double Diffusions

A petri dish containing a 1mm thick 1% agarose gel was prepared by
pouring the heated agarose solution into é horizontally placed dish.
When cool, a hexagonal pattern of 4mm diameter wells was then punched
in it. 2yl anti-TgA antiserum was placed in the central well, 10Ul

of the sera under test including one normal serum sample acting as control,



~was put in the wells around it. The plate was incubated at +37°C
overnight, and examined for the presence or absence of a precipitin

arc the following day.

Calculation of results

At equilibrium, when antigen diffusion out of the 4mm diameter
well has ceasged, the area within the "precipitin ring" fommed is
proportional to the amount of antigen originally present.

Measurement of the diameter of this rxing gives an expression of
the amount of antigen in the sample tested (Mencini et al, 1965).
For example:

Let the mean of the diameter of 3 normal serum standards = S(mm)
and the unknown diameter = U(mm)

Knowing that (a) the diameter of the well = d = 4(mm)

and (b) the dilution factor D of the normal serum for each
plate was as below

Plate Assessment of: NHS dilution D
Anti - Cl1g precipitate undiluted NEHS 1
Anti - C1q supernatant 5/6 dilution 5/6
Mnti -G precipitate 1/50 dilution  1/50
Anti - M precipitate = 1/5 dilution 1/5

Then, since area of precipitation = area of outer circle-area of inner

circle 2

Standard area of precipitation

2
ben(=5) - w(5)
2 2
A=Tr(-§72r - ,—Ajr‘-)
n(—=) - Tr('gﬁ—)2
7( U2 - _42_)
7 "3

Tnknown area of precipitation = X

X
And so, the ratio -i-(- represents an expression for the relative amount

of antigen in PEG pellet compared with "standard" normal human serum.
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=

(s2- 42)

since A = 100% x =§U2 - 422 x 100
(s2 - 42)

and allowing for the dilution factor D:

LEE—:;AEI x D x 100%

(- )

A computer program was constructed to calculate this. By measuring
the PEG precipitates of 80 normal sera - the mean and standard deviation
(S.D.) of this control group were calculated, and an upper limit of
normal designated as mean + 2 S.D. values above these limits for any
component (C1q, IgG, IgM) indicated positive IC. The parameters of

normal sera are shown in Tables 2.1 and 2.2.
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Table 2.7 PEG PRECIPITATION

Here are some fairly arbitrary values to represent those given by

normal people:

TUPPER LIMITS OF NORMAL = mean + 2 SD's
1) In terms of %
mean  SD UM
Cilq 22 15 52
IgG 0.39 0.15 0.69
IaM 2.22 1.75 5.72
IgA - lower limit of sensitivity -
0.18%
2) In tems of concentration
Ctg 44pg  30ug  104pg
1eG 3%ug 15ug  6%ug all
Ten 44pe  3ug  14ug from
IgA ~ lower limit of sensitivity - 1 ml
11.2 - 32ug
Table 2,2 SEROM IMMUNOGLOBULINS AND COMPLEMENT COMPONENTS
SERUM IMMUNOGLOBULINS
In terms of %
mean SD mean & SD mean £ 25D
IgG 86 15 71-= 101
IgM 92 26 66 - 118
TgA 146 52 94 - 198 (1)
COMPLEMENT COMPONENTS etc
Cla 110 9 101 - 119 92 - 128
c3 101 11 90 - 112 79 - 123
CH50 99 2 90 - 108 81 = 117

For these purposes serum levels of components taken to be as follows:

C1g - 200pg/ml
IgG - 10mg/ml
IgM - Zmg/ml

The sera that these results represent are a mixture (approx = numbers)
of aliquots of various different pools of ANCs and various serum samples
from laboratory 'normals!' at the most 3 samples from any one person.



Bstimation of C3

Serum C3 was measured by single radial immunodiffusion, using
the technigque described previously, but with the following differences:
The distance between the centres of the wells in each row and
column of each Mancini plate containing anti~C3 was 20 mm.,
5 pl of each studied serum was put in each well, and 5 pl of

normal human serum was added to the last 3 wells as a control.

Estimation of CH50
The method used for the estimation of CH50 was a modification of

the method described by Nydegger et al (1972).
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Solid Phase Radioimmunoassay for Cross-reaction of Complexes

The principle of this technique is that tubes are coated with complexes

which have been precipitated from serum with polyethylene glycol. The
complexes are dissociated in the tubes in glycine/HCl. In preliminary
experiments (Dambuyant et al, 1979) it was found that coating in acid

is quite satisfactory. After the coated tubes have been washed radio-
labelled polyethylene glycol pellets from other sera are added to the tubes,
again in acid. The tubes were then neutralised, so that the antibody can
re—c;mbine with antigen. If there is cross-reaction between the coating
complexes and the labelled ones, some of the label will be attached to

the complex on the wall, labelled antigen binding to coating antibody, and
vice versa. To reduce nonspecific sticking of the labelled complex to the
wall, and to block the effects of rheumatoid factors in the mixture, the
reaction is done in an excess of horse serum. The amount which produced
maximal blockade of rheumatoid factor, and also saturated any nonspecific
protein binding sites on the wall of the tube, was found by experiment.

I tried to add even more horse serum to reduce the background further,

but 10 microlitres was found to produce the maximal effect,

In the original description of the method by Dambuyant et al (1978, 1979)
the method was validated by the use of synthetic BSA/anti~BSA complexes,

and human C3/anti-C3 complexes. These demonstrated that there was antigenic
specificity in the radioimmunoassay and that the amount of binding to the
tube was depeﬁdent on the antigen-antibody ratios in the two complexes.

Thus if antigen excess complexes were used to coat it was difficult to get
such complexes to interact with the labelled complex, due to lack of coating
antibody sites. The reverse would occur if antibody excess complexes were
used to coat, when only antigen excess complexes would stick sufficiently

for statistically significant amounts to be detected. It is for this reason
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that some complexes do not easily coat tubes for the adherence of the
same when radiolabelled complexes ("self cross-reaction"). Thus patients

sometimes appear not to cross-react with themselves, but can do with

others sharing the same antigenic specificity.



Solid FPhase Radioimmumoassay (RIA) for Cross—Reaction of Complexes

Materials

1. Sera

Sera from patients with polycystic kidney, SLE, Tb, sarcoidosis
and pericarditis and from patients with various immune complex diseases
and their relatives including family confacts were studied. These sera
were provided by University College Hospital, St. Mary's Hospital, The
Middlesex Hospital, Brompton Hospital and the Freeman Hospital or Royal
Victoria Infirmary, Newcastle-upon-Tyne. Standard sera were taken

from laboratory workers. After clotting, sera were stored in 5 ml

aliquots at =70°C till used.
2+ PEG: ©Prepared as described previously.
3, BBS: Prepared as described previously.

4. 0,1 M glycine/HCl buffer pH 3.1

0.1 M glycine/HCl buffer made up froms

856 ml solution A + 144 ml solution B + 0.1 ml phenol
red/distilled water solution. The pH was adjusted to
3.1 with 10 N sodium hydroxide,

Solution As O0.Mglycine in 0.7 N sodium chloride made up froms

7.5 g glycine (Hopkin and Williams Ltd.)
5.86 g sodium chloride (Fisons Ltd.) in 1 litre distilled water.

Solution B: 0.1 N hydrochloric acid made up from:

8.6 ml hydrochloric acid, HC1 (EDH Chemicals Ltd.)
in 1 litre distilled water.

Phenol red and sodium hydroxide were purchased from EDH Limited.

10 N sodium hydroxide: made up froms

400 g sodium hydroxide NaOH in 1 litre distilled water.

88.



5e

10,

11

89.

0.2 M Phosphate Buffer ©vH 7.2

made up from: 280 ml 0.2 M NaHzPO 4
720 m1 0.2 M NaZH PO4

PH to be adjusted to 7.2 with 0.7 N hydrochloric acide

D2 M NaHéPO made up from:

.._4=
31.2 g NaHQPO 4 2H20 sodium dihydrogen orthophosphate hydrated

(Hopkins and Williams) in 1 litre distilled water.

0.2 M Na g PO4: made up from:

28.39 g Na/H PO 2 disodium hydrogen orthrophsphate (BEDH Chemicals
Ltd.) in 1 litre distilled watex.

0.5 M vphosphate buffer pH 7.5

made up from: 280 ml 0.5 M NaHzPO 4
720 m1 0.5 M NazH PO4
pH to be adjusted to 7.5

Phosphate buffered saline (PES)

40 ml 0.2 M phosphate DpH 7.2 + 17 g sodium chloride in 2 litres
of distilled water

Neutralising solution (0.1 M phosphate/0.5 N NaOH solution)

equivalent volumes of 0.2 M phosphate buffer pH 7.5 and N NaOH

Chloramine T solution:

made up Jjust before use from:

50 mg chloramine T (BDH Chemical Ltd.)
2ml 0,5 M phosphate pH 7.5

Sodium merfa,bisqiphi'be solution

made up just before use froms:

40 mg sodium Metabisulphite (EDH Chemical Ltd.)
2ml 0.5 M phosphate DpH 7.5

1 25Iodine

(va'2T  Radiochemical Centre . Amersham)

o
The Na1'5I solution was diluted with PBS to give 1.8 x 107 count
per minute per 10 1d.
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12. Nommal Equine Serum (NES)

(Wellcome Reagents Ltd.)

13. Autoanalyzer cup

(Conical Cup LS.127 Altec Ltd.)

Methods

1. TIsolation and estimation of immune complexes '(IC)..

This was carried out according to the method described previously.

2. Labelling of complexes

Complexes were labelled according to the method of Dambuyant et al
(1979) a modification of the procedure worked out by Hunter (1973).

125I(‘} .8 x 1O7cpm)

100 1 of the IC solution was mixed with 10 nl of
20 1l chloramine T (EDH Chemicals Ltd.) in 0.5 M phosphate buffer
pH 7.5 was added, and after 45 seconds, the reaction was stopped by
adding 100 yl sodium metabisulphite in 0.5 M phosphate buffer pH 7.5.
0.4 ml PBS was added, and the solution dialysed overnight against
2L PBS (the solution was changed once in this time).
The dilution of the radiocactive solution was adjusted with PBS,

so that 20,000~30,000 cpm of the labelled complex solution could be

used for each tube in the cross reaction assay.

%s Cross reaction assay

10 W1 volumes of the IC solution was coated onto plastic autoanalyzer
cups in 1ml O.1 M Gly-HCl pH 3.1 for 2 hours at room temperature. In
addition to the rows of cups being coated with ICs, 2 to 3 rows of empty
cups (not coated with ICs) were included as controls, and were treated
in all other respects like the coated tubes. After 3 washes with 0.%%
NaCl solution, 1 ml of 1% normal horse serum in O.1 M gly-HC1l pH 3.1

125

was added to each cup, and after 5 minutes, the T labelled complexes

were added in columns, Neutralization to pH 7.5 by the addition of
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NaOH/NazH PO4 buffer was carried out after a further 20 minutes.
The volume of NaOH/NazH PO4 required to do this was previously
determined by titration; the end point shown by change in the indicator
colour (yellow to pink).
The cups were left overnight at room temperature and after removal
of unbound material by suction, and 3 saline washes, the cups were

counted in a Nuclear Enterprises 8311 gamma spectrometer to determine

the amount of 125I—labelled complex boumd to the coated tubes.

Caléulation and presentation of results:

Percentage binding was calculated using a computer program which
worked it out as shown below:

(radioactivity bound CPM - radioactivity uncoazted cup)

X 100
(radiocactivity introduced - radioactivity uncoated cup)

A 2~dimensional matrix diagram was constructed in which the horizontal
rows related to each complex used to coat a cup, and the vertical columms
related to each labelled complex added to the cups. Values were
considered not significant if they were less than 2 é:b; greater than

the binding to the control cup. Only values significant and greater

then 0.5% were considered as.positive binding (Burton-Kee et al, 1979 ).
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Cross Reaction by the Delayed Technique

This technique was in the process of development towards the end of my
studies, but Mrs Zewdie who had developed it in the laboratory had got

it to a stage where it might be useful to try in the pericarditis patients.
The technique overcomes some of the troubles found when studying IgM
complexes, as it does not require the acid conditions which are very
destructive to IgM. The solid phase assay was thus not a good one in

the pericarditis patients, many of whom had complexes in which the

immunoglobulin was largely, or wholly IgM,

This method uses to a advantage that such sera contain very little poly-
ethylene glycol precipitable material. If a mixture of an IgG antibody
and a serum containing immune complexes of IgM is made, as time passes
the repeated dissociation and re-association of antibody will result in

a new equilibrium in which the complexes will then contain a mixture of
the IgG and IgM antibodies combined with the antigen. Obviously if the
antibody does not cross-react with complexed antigen this will not occur.
After a time, found experimentally to be more than four days, the complexes
are precipitated with polyethylene glycol, and the amount of precipitated
IgG is then found by single radial diffusion. 1In preliminary work with
this technique mixtures were precipitated at intervals of up to 10 days,
and the amount of bound IgG measured. With the model complexes used it
was only after about four days that the amount of bound IgG had reached

a plateau.

Preliminary work aslo showed that using the serum of a child with IgM
complexes of rubella viral antigen, the haemagglutinin, positive binding
of an IgG rubella antibody was found after the mixture had been left for

four days.
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In order that no other interaction involving complement activation could
occur, and also to preserve the sterility of the samples, all the incuba-

tions were done in 10mM EDTA at 4C.

The ratio of 80 to 20 for serum containing complexes and antiserum respec-
tively was based on two factors, First was the need to get as much immune
complex as possible into the system to increase the sensitivity, and the
second was the attempt to mimic the clinical situation, The transfusion
of a unit of blood into an average adult could be approximated by this
ratio, and gave as much space to the complex containing serum as possible.
Using this ratio in our preliminary experiments seemed to work better than

equal amounts of the two sera so was used in all subsequent experiments,
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Cross—Reaction by the Delayed Technigue

This method shows the cross-reaction between the IgG of the noxmal

and the circulating immune complexes of the patients.

Materials

1. Patients' sera. After clotting, sera were stored in 5 ml aliquots
at - 70°C +ill used.

2. Donor's sera. As above.

3, MAnti IgG - Mancini gel preparation.

4, 60 mM EDTA pH 7.6.

5. BBS.

6. Polystyrene tubes (LP3 Luckham Limited, Sussex)
Te Working PEG.

8. Washing PEG.

Methods

20 ¥l of the donor serum was mixed with 80 pyl of the patient's sexrum.

20 U1 of 60 M EDTA pH 7.6 was addea o each tube and the mixture was
kept in +4°C for six days. 100 pl of each of the patientts and donor's
samples unmixed were also studied in the same way. On the sixth day

20 Y1 of the 12% working PEG solution was added. After mixing thoroughly,
it was left for 18 hours at +4°C.

Solutions were mixed again before centrifuging at 1000 x g for 20
minutes (+4°C). The supernatants were discarded and the precipitates
were washed once with 1 ml of washing PEG (2%), and then spun as above
(1000 x g3 20 minutes, +4OC), The wash was discarded and the pellet
redissolved in 100 pl of BBS.

The IgG fraction that had been precipitated in each pellet was

estimated by SRID.
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The results of the mixture were considered positive when the
percentage of IgG precipitated in the mixture was greater than the
percentage of IgG expected.

Percentage of IgG expected =

0.8(% patient!s IgG precipitated alone) + 0.2 (% donor's
IgG precipitated alone).
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Rheumatoid Factor Binding Assay

I attempted to make an assay for cross-reaction based on the technique
for detecting complexes described by Barratt and Naish (1979). If an
IgG antibody is added to a complex containing serum, and the IgG

becomes bound in the complex, more rheumatoid factor could be bound on
the complex than would be the case if the IgG antibody were not added.
The technique would also probably require that the complexes were in
antigen excess for the IgG to be bound, although the delayed technique
described overcomes this by waiting for a new equilibrium to occur. 1In
the laboratory there was a large volume of serum from a patient with a
very large amount of rheumatoid factor, and considerable quantities of it
were available, It was decided then to use this serum as a source of

a standard rheumatoid factor which could be labelled and used in this
test, The serum contained about 50 grams per litre of IgG rheumatoid
factor, with smaller amounts of IgM and IgA rheumatoid factor. The IgG
was chosen for this because such small amounts of IgG are precipitated
with polyethylene glycol compared with igM and the test should there-
fore be more sensitive. 1In retrospect this was probably a mistake,
since the divalency of IgG prevents any substantial increase in the
binding to complexed as opposed to unpolymerised IgG. By contrast, with
IgM rheumatoid factor the valency of binding can rise from unity with

native IgG to a maximum of five when bound to complexed XgG.
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Fheumatoid Factor Binding Assay

Materials

Te

2,

Se

4

Sera: Sera from patients with pericarditis were provided by
Freeman Hospital or Royal Victoxria Infirmary, Newcastle-upon=-
Tyne. Other studied sera were taken from patients with various

IC diseases and their family contacts.

BBS, PEG, PBS, iodine, chloramine T and sodium metabisulphite

As described previously.

Iéolation of rheumatoid factor used:

a) S'Earting plasma: Removed by plasmapheresis from a patient (SH)

with severe cutaneous vasculitis. Immune complexes were detected
in the plasma by the PEG precipitation and a SCAT (sheep cell
agglutination test) revealed the presence of large amounts of
rheumatoid factor.

b) Preparation of IgG-rich RF(GRF): A solution previously prepared

by a standard NaZSO 4 precipitation method was stored in aliquots

at -70°C.

Analysis of RF solutions obtained:

Protein estimation using the biuret method: The biuret method is a

quantitative colorimetric method of assaying protein solutions (Kaba't
and Mayer, 1961).
a)Bovine serum albumin (BSA): A standard protein solution was made up

wWeve
containing 5 mg/ml BSA in BBS, and various dilutionsLmade from this

stock

b)Biuret reagent contained: 4g Sodium=-potassium tartrate

in 11 carbon-
3g Hydrated copper (II) sulphated 1. 'rr.o o on

5g Potassium iodide ﬁ?r%g% de




c) RF 'soluti.o'ns: were suitably diluted to a final volume of 1 ml with

0.5 M NaHCOB.

Method

95

To 1 ml of various dilutions of the "unknown" protein solution in 0.5M

I\Ta.HCO3 was added 1.5 ml biuret reagent. The solutions were mixed and

incubated at + 37°C for 30 minutes. The OD;

540 was then read on a Gilford

AN spectrometer. The amount of protein in the RF solution was calculated

from the calibration curve constructed by measuring the OID5 40 of various
dilutions of the standard protein in (BSA) solution. The GRF stock was

found to contain 3.24 mg/ml.

Se Lébeliing iof rhéumatoid -favc:'tor:

Tsing the method of Dambuyant et al (1979), but with the following
modifications: - . -

I2G RFs 10 ul IgG BEF : BBS 10:100 diluted stock
+10ul 1271 (1.8 x 107 comnts/min) made up to 330 nl
+20 ul1 Chloramine T | % with PBS after dialysis
+100 1l Sodium metabisulphite )

Labelled RF's were stored in small aliquots at -20°C and thawed just

before use,

Rheumatoid factor binding assay method:

20 41 of the donor's serum was mixed with 80 U1l of the patient's serum in
duplicate polystyréne tubes (LPB). The contents were mixed ahd left at
+37°C for 1 houx, 100 11 of each of the patient and donor samples
wmixed were also studied and treated in the same way.

20 Ul of 12% PEG and 10 M1 127

I-HF were then added to each tube and
the contents mixed and left overnight at +4°C. This was then mixed,
spun at 1000g, +4°C for 20 minutes, and the supernatant discarded.

The precipitates were washed once with 1 ml of 2% PEG in BBS containing

10 mM EDTA pH 7.6 and the contents mixed, then spun as above, and the
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gsupematants discarded. The precipitate was re~suspended in 0;5 ml

BBS and counted in a gamma spectrometer (Nuclear Enterprises No. 8311)

to determine the fraction of the rheumatoid factor which had bound to

the complex. The binding in the mixture was then expressed as positive
when it was greater than the expected value, that which would be obtained
with the appropriate amounts of the individual sera unmixed. Counts

bound were expressed as a percentage of total counts added to the tubes.

Calculation of resulis:

Positive binding in the mixture would be defined as a significant
increase over the expected value.
125
125

Expected value = 0.8 (percent I-RF bound to recipientfs serum) +

+0.2 (percent I-RF bound to donor's serum)

N.B. The preparation of rheumatoid factor and the estimation of its

protein content were done by Mrs J.B.Kee. .
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Plasma Treatment

Plasma treatment was performed by transfusing one unit or more of

plasma from a suitable donor to the patient, Suitability was defined

ed

as a healthy donor whose serum cross-react,with recipient's immune complex

by RIA,

The crossereaction between the donor and the patient by

the delayed technique was also studied.

Mateiials and method:

Patient:

Donors:

Follow up:

Patients with various immune complex diseases or with infectious
diseases were transfused with plasma from their close relatives
(including spouse).

Suitability was assessed by RIA technique using serum sample
taken from the family of patients. All donors were Australia
Antigen negative

1e Clinical ovbservation before and after plasma infusion.

2. Immune complex measurement from serum both pre- and post-

infusion.

NB Plasma infusion was followed by immunoglobulin injections in

some patients and two patients were treated with plasmapheresis

(see Table 2.3).
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Table 2.3 LIST OF THE TREATED PATTENTS

Pia'hiznt's Sex Disease Donor -
SG F payi son
TH M B father
MO F EM son
Js M P2y FFP
FA P SLE (PP)
™ F SLE brother
WM F SLE (PP)
B M WG, P wife
IJ F MCTD, cutaneous vasculitis FFP
Ry M Fh, Arth.,renal vasculitis brother
FL F ITP, cutaneous vasculitis sons
m M Allergic vasculitis _ wife
P F Cutaneous vasculitis brother & sister
¥R F PAW husband
Hz M Active hepatitis & renal & cutaneous

vasculitis son & daughter

DB F FPGN husband
KG F PG sister
SAH M MC&Y father
LP M MCGN daughter
WW M FPGN daughter
JG F Chronic pericarditis husband
SH P Chronic pericarditis husband
MS F Chronic pericarditis immunoglobulin
Jv F Chronic pericarditis husband

' 'Key: IM = Brythema multiforme. SLE = Systemic lupus erythematosus.

WG = Wegener's granulomatosis. FQT = Focal glomerulonephritis.
MCTD = Mixed connective tissue disease. Fh.Arth., = Reamatoid arthritis.
ITP = Idiopathic thrombocytopenic purpura. PAN = Polyarteritis nodosa.
P& = Focé,l proliferative G. MCGN = Mesangiocapillary GN.
FFP = Fresh frozen plasma. PP = Plasmapheresis.
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CHAPTER THREE
RESULTS
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Composition of Immune Complexes in Infectious Diseases

Tor comparigon, sera from patients with pericarditis and with

other diseases were analysed for immune complexes, (isolation and
estimation of immune complexes have been described previously):

a. 353 samples from 218 patients with percarditis were examined
for immune complexes in the period January 1978 to March 1980,
They were obtained from the Newcastle area.

b. 230 sera tzken from patients with various diseases were analysed.
Table 3,1 below shows the range of diseases which these sera
represent.

ce 13 sera from patients with systemic lupus erythematosus, 60 sera
from patients with subacute bacterial endocarditis and 29 sexra
from patients with ankylosing spondylitis were alsoc studied
and compared with the above sera.

The composition of immune complexes in sera studied are shown in Table 3.2.



Table 3,71 COMPARISON OF 230 SERA USED IN STUDY
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Noe. of No. of
Diagnosis serum Diagnosis serun

samples samples
Vasculitis 13 POO0 3
Renal Failure 21 Dermatitis Herpetiformis 12
SEE 43 Erythema Multiforme 3
PAN 7 Septicaemia 7
Glomerulonephritis 31 SLE 9
Ankylosing spondylitis 17 RA 3
Pelvic inflammatory
disease 8 Dresslers 2
Endocarditis 4 Urticaria 3
Cervical cancer 2 Cryoglobulinaemia 4
Myeloma/lymphoma 3 Bheumatic fevex 2

Others 33

Table 3,2 COMPOSITION OF IMMUNE COMPLEXES IN SERA STUDIED

Somprex Pericerditis (M1 9T gy | sm AS
c1a) L/ 58,7 (+) 68.3 53.9 | 72.7 | 75.0
I iper 61.2 (+) 5043 €9.2 61.4 | 25.0
T8%) somponents | 21+3 (*) T1e4 92.3 | 75.0 | 87.5
Igh 52.9 (NS) 49.7 61.5 | 56.8 | 31.3
IeM but not IgG 28.1 (%) 1148 0 6.8 0
IgG but not IgM 18.2 (%) 31.7 32,1 20.5 62.5
IgG and IM 33.1 (&) 39.8 69.2 | 54.6 | 25.0
IgM only 19.8 (%) 7e5 0 6.8 0
Igh only 15.7 (+) 9.3 To7 9.1 0
Number of
immune complex :
positive sera 242 161 13 44 16
analysed )
KEY: SEE = subacute bacterial endocarditis

SLE = systemic lupus erythematosus

AS = ankylosing spondylitis

Valués represent proportions (%) of immune complex positive sera

Statistically significant diffetrence using Student's t~test (between
"pericarditis" and "all other sera")

+ p<0.01; +

p <0.05;

% p<0,001; NS = not significant
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The proportion of sera which were positive for immune complexes in

each disease group is'shown in Table 3.3.

TABLE 3.3 PROPORTION OF SERA CONTAINING IMMUNE COMPLEXES:

Diagnosis total no. of No. of % sera + Ve
sera tested | IC + ve sexa for 1IC
Pericarditis 353 242 68.5
A1l other sera 230 161 70
SEE 60 44 73
SLE 13 13 100
Ankylosing spondylitis 29 16 551

The following observations can be summarised from the previous data:

1. There is a significant increase in the proportion of IgM containing

complexes in the pericarditis group (p <0.01). This is probably
due to the increase in "IgM-only" complexes (p <0.001).

2. The proportion of IgG complexes in the pericarditis group is less

than the other sera studied (p <0.001). This may be due to the
drop in "IgG-only" complexes.

3¢ There is a significant increase in "IgA-only" complexes in pericarditis

sera (p <0.01).

4. The amount of Ciq in pericarditis complexes is significantly less

than in other studied sera (p< 0.01).

N.B; - C1q levels in circulajing complexes in patients with SLE are lower
than the other sera studied, “Ybecause they represent the fraction
of normal C1q levels precipitated in SLE. Where total Clq levels
are low, the fraction of patient C1qvwhich is complexed is very
high.

- The above data were taken from our laboratory records and the

studies were done by J. Burton-Kee and S.G; Johannes.
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Cross=Reaction by Radioimmunoassay

The aim -of this assay is to provide further evidence of the presence
of a common causal agent(s) in a group of patients by showing cross—reaction
between their immune complexes.

Immune complexes in sexa from patients with polycystic kidumey,
systemic lupus erythematosus, tuberculosis, sarcoidosis and dermatomyositis
were precipitated with polyethylene glycol (PEG). The antigenic cross-
reactions between samples were studied by the method of Dambuyant et al
(1979). The technigue used has been described earlier. Statistically

significant values greater than 0.5% are shown by black squares.

a. Bxperiment with sera of polycystic kidney patients:

5 Samples from patients with polycystic kidney were studied. The
dissolved pelle__ts were used to coat a series of CupSe. The same pellets
after iodination were added to test the cross-reactivity between each
other, A two-dmengional matrix was constructed in which the horizontal
rows related to each complex used to coat a cup, and the vertical colums
related to each labelled complex added to the cups. | The cross~reaction
results are shown in Fig. 3.7 I have found great'er than 0.5% binding

in 9 of the 25 cross-reactions performed (36% of all reactions).

be Experiment with sera of patients with systemic lupus erythematosus:

The cross~-reactions found within the whole systemic lupus erythematosus
group are shown in Fig., 3.2 I have found greater than 0.5% binding in 63

of the 175 cross-reactions performed (36% of all reactions).

c. Experiment with sera of patients with tuberculosis:

Cross-reactions of 24 labelled complexe_s_ on 29 coated tubes were studied.
I have found greater than 0.5% binding in 113 of the 696 cross-reactions
performed (16.2% of all reactions). The cross-reaction results are shown

in Pig. 3.3.
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d. Experiment with sera of patients with sarcoidosis:

The solid phase cross-reactions technique was applied to 13 sera which
came from sarcoidosis patients. The cross—-reactions results between the
complexes of these patients are shown in Fig. 3.4. T have found greater
than 0.5% binding in 37 of the 169 cross-reactions performed (21.8% of

all reactions).

e. Tuberculosis and Sarcoidosiss:

Some cross-reactions between complexes of tuberculosis and sarcoidosis
patients were positive and are shown in Fig. 3.5. These two groups seem
to share antigenic determinants or antibody specificity or a mixture of

both (Dambuyant et al, 1979).

f. Experiment with sera of patients with dermmatomyositiss:

Sera from 3 patients with dermatomyositis were studied and the
cross—reaction results between their complexes were negative. Results
from previous studies with some other disease groups are shown for
comparison in Fig. 3.6 (Dambuyant et al, 1979; Burton-Kee et al, 1979).

Values above 2% were considered to be positive for the bullous
pemphigoid and hypertension groups. The pefcentage of positive

reactions within various disease groups are shown for comparison in Fige Je7Te

N.B. = The cross-reaction results between the donors and the recipients
by this method are shown individually in the patient studies.
~ The cross-reactions between complexes of the pericarditis patients

were done by S.G. Johannes.



W 0 N O U b WA =

-
o

. b
W N -

12 3 45
1
2
3 Fig 3.1
4 Cross-reactions between complexes
5 of polycystic kidney patients
14 15 16
1
2
12345 67 89 3
4
5
6
7 SL_E 16 17 18
8 N,
9 N,
10 Ny -
1 N,
12 N
13 i q v | I
14 N,
B s Ny q
16 Ny

Fig 3.2
Cross-reactions within SLE disease group

N = normal

105.



O ~NOO L WN =

12 3456 78 9101112131415161718192021222324

L
i

ilq

=

Fig 3.3

Cross-reactions between complexes of tuberculosis patients

OO, HWN =

12345678 910111213
! - -
- N
I
--

Fig 3.4
Cross-reactions between complexes of
sarcoidosis {Sa) patients

106.



Behcet

Hyper/
Haem

107,

Tb - 1235 67

Sa

O 0 N O O H WA =

-
- 0

WD O D WA -

7 Sa — 12 3 46566
8 To 1
9 b2 B
10 13 .
11 27
12 28
29

Fig 3.5
Crass-reactions between complexes of tuberculosis and sarcoidosis patients

1 23 456 6 7 8 910N
] 12 3 45 Pericarditis

O 00 N O O b W N =

n
i

-
o

123 45 6 7 8

123 45 6 Butlous
pemphigoid

DO HhWN -

Fig 3.6 :
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Fig 3.7
Percent of positive reactions in various disease groups

Key.

1. Hyper/Haem — Hypertension/Haematuria
2. Bullous P, — Bullous pemphigoid

3. Pol. k — Polycystic kidney

4, Sa — Sarcoidosis

5. Tb — Tuberculosis

6. Peri — Pericarditis

7. Derm — Dermatomyaositis
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Cross~=Reaction by the Delayed Technique

This technique has been developed recently in our laboratoxy,
and we started to use it to study the cross~reaction between the
patient's immune complexes and the donor's serz.
This method is more specific for IgG complexes, and some positive
results were correlated with RIA positive results in certain patients

Ce 8o FoBo’ KcR., F.P. etc.
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" Fheumatoid Factor Binding Assay

Using the IgG rheumatoid factor of a patient with rheumatoid
arthritis with a high titre of rheumatoid factor, it has been possible
to measure the ability of circulating complexes to bind this rheumatoid
factor.

This method was used to study the ability of donor antibody to
react with patient complexes.

2. Donor-recipient sera interaction:

1:4 mixture of donor/recipient sera were studieds The donors were

close relatives (including family contacts)., The ability of their

serum samples'to react with the patient's circulating complexes was

studied in an attempt to see if it was possible to know which donor

plasma was suitable for infusion. The results are shown in Table 3.4.
The positive bindings are underlined.

b. BExperiment with sera of pericarditis patients:

1¢4 mixture of normal-pericarditis sera were studied as above.

The results are shown in Tables 3.5, 3.6 and 3.7.



Table 3+4 DONOR=-RECIPIENT INTERACTION RESULTS.

1« Patient ILP 27 21e Patient RJ 9.8
2. Donor MP 32 22, Donor WJ 15
3. Mixture 18 2%, Mixture 9.7
4., Expected 28 24. EBxpected 10.8
5« Patient FP 27 25, Patient WI 30
6. Donor AP 31 26. Donor JI 29.2
T« Mixture 29,8 27. Mixture 23
8. Expected 27.8 28, Bxpected 29.8
9., Patient WW 30.5 29. Patient KR Te7
10 Donor JW 22 30, Donor JR 22
11« Mixture 15 31, Mixture 15
12. Expected 28,2 32. Bxpected 10.2
. 13, Patient SAH 23 3%. Patient BA 1.3
14. Donor SA 18 34. Donor ©PA 1.4
b 15« Mixture 20.5 35. Mixture 15
16, Expected 22 36. Expected 11.
17. Patient DB 10 37. Patient XG 15
18, Donor NB 19.3 38, Donor FP 18.5
19. Mixture 5.8 39. Mixture 17
| 20, Expected 1169 40, Bxpected 157
N.3B. (1) Values represent percentage 125 I-RF bound to each sample

studied,
(2) Expected values

0.8(% 1251 7F bound to recipient's serum) + O. 2(/;
bound to donor's serum) )

(3) Positive bindings are underlined.

1 25]’.—BF
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Table 3.5 PERICARDITIS MIXTURES ASSAY RESULTS (see also Tables 3.6 and 3.7)

P1 P2 P3 P4 PS5 ‘alone
N1 745 11.5 16.5 | T 6.8 13
N2 6.2 8.5 Te8 Te5 139 943
N3 944 6.6 | 10.9 | 11.7 9.8 5.9
N4 9.5 T 843 Te8 14.4 8.3
N5 6e3 1443 6.7 6.2 6.9 8
alone 14e7 13.6 6.1 Te3 6o
Table 3,6,
p6 | 7 | P8 | »9 | ®10| P11 | P12| P13 |alone
N6 1271 14.2 [ 2245 351 17 10.6 Te5 567 5e1
N7 Te1 8f5 8.4 9.3} 16 112 4.3 4.5 4.2
N8 | 7.61 9 3,11 10.5| 9.2 7.3 [10.8] 6.4 | 3.1
N9 567 S5e3| 5.6| 5¢41 13.8| T.3 | 8.8] 5 TeT
N10 10,6 562 | 2545 851 144 12 10.51 18 3
alone | 6.4 115 14.9| 12.7 | 27 24 19 141
Table 3.7,
Pi4 P15 P16 P17 alone
N11 11.6 8.8 8.6 ‘10.2 10.6
N12 . 6.8 5e2 Te2 8.4
N13 6.2 8.4 7 / 8.9 1242
N14 1442 661 5 3.6 19.2
alone 12 19 13 15
N.B. The positive bindings are underlined
Key: P = pericarditis

= normal
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Patient Studies

Patient S.G. Case 1

This 45 year old female had had recurrent attacks of erythema
multiforme an her forearm, hands, feet and buccal mucosa since 1977,
Each attack was usually preceded by herpes simplex on her lips. Since
her iliness started she was never free from the erythematous rash. She

was treated with intramuscular injections of ACTH. The patient was

infused on two occasions (15.5.80 and 29. 7.80) with plasma from her

son (S'.G‘.) from one unit each time,

Investigations:

Hb 14g/100ml, WBC 6.5 x 10°/1, blood virology negative. Other

immunological investigations are shown in Table 3.8,

Table 3,8 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION

PATIENT S.G. % normal PEG Precipitable (%)
date C3 CH50 Ciq IgG IsM IgA
15+ 5.80 1 hour Pre T1 100 ND ND  1.09 3.74 +
2. 6.80 17 days Post T1 96 98 ND 0.4 5048 =
16,10.80 1 day Pre Ig inj.1| 88 86 22,3 0.2 249 -
30,10.80 13 days post Ig '

l\T'.ZB'.. = Abnormal values of C3 and CH50 in all tables are underlined
- Complexed C1g, IgG and IgM in é,ll tables are underlined
=~ ND = Not Done ’
= T = Transfusion

Cross—reaction results: The donors: (1) S.G.(son), (2) J.G.(daughter)e

1. 'The result of cross-reaction between the patient and her son by RIA
was negative.

2. The cross~reactions between the patient and the donors by the delayed
technique are shown in Table 3,9,



Table 3.9 CROSS—=REACTIONS BY DELAYED TECHNIQUE

S«G. | SeGo(son) | J.G.

¢

0.98 2.6 0.43 | alone .
S.G' M _2_0_1 miItTul‘e
1e3 0.97 |expected

N.B., = Pogitive reactions in all tables are underilined

Reé-ui ts of treatmer;t:

The first plasma infusion (15.5.80) relieved her erythematous rash
and herpes simplex completely, and she remained in complete remission
for 2 months. She lost her IgG complexes after infﬁsion. IgM in
circulating complexes appeared by 48 days. The patient responded to
the second infusion (29.7.80) and remained in complete remission for
2 months after which she relapsed. Intramuscular injection of
immunoglobulin (500 mg) was started (17.10.80) for the treatment of
the second relapse. This induced complete remission for 11 weeks.
The third relapse was treated with 250 mg of immunoglobulin but this

did not induce complete remission as a few spots persisted.

]E;at.imen'l: ’I‘.H..” gaﬂg
This 36 year old male had had recurrent attacks of erythema
multiforme on his hands, knees and dorsum of the feet since 1977.
He continued to have an acute attack of erythematous rashes once
monthly, this was usually preceded by herpes simplex 2 weeks prior
to the appearance of erythematous lesion. He was treated with high
doses of steroids,. Blood virology was negative, titre against
herpes hominis was 1 /40. Other immunological investigations are

shown in Table 3,10, The patient was ”infuéed w:.'bh 1v unit of plasma

from his father F.H. on 10.1.80.
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Table 3.10 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT T.H. % normal PEG Precipitable (%)

date C3  CHSO Clg IgG  IaM  Igh

120. 9,79 110 days Pre T 98 2 6.8 0,35 0.5 -
25.10.79 75 days Pre T 100 64 0 0.1 0 -
2,11.79 68 days Pre T 98 104 D 0.62 7.6 &

{ 10. 1.80 30! Pre T 78 130 | 29,9  0.31 3.9 -
4+ 3.80 54 days Post T 98 70 36,7 043 3.9 -
17+ 3.80 67 days Post T 114 104 0 0,26 0 -

Cross-reaction results: The donor: F.H. (father).

1.‘ The cross-~reaction between the patient and the donor by RIA is
shown in Table 3.11.

Table 3.11 CROSS=-FEACTION BY RTA

-F.H.' normal
T.H. 0055 -Te

N.B. = T.H. is the labelled sample

= Pogitive reactions in all tables are underlined

2, The cross-reaction between the patient and the donor by the delayed
technique is shown in Table 3.12.

Table 3.12 CROSS=-REACTION BY DELAYED TECHNIQUE

T.H. F.H. Mixture |expected
1.8 |1.3 N 1.7

Resﬁits “of—trea;tn;ent H

Erythematous rash and herpes simplex were completely cleared 1 week
after plasma infusion until August, 1980, then he had developed a very
mild attack of erythematous rash. This was treated with a single
intramuscular injection of immunoglobulin after which he felt better

and the rash disappeared. He had developed a new herpes lesion in

115.

November 1980, which was treated with another injection of immunoglobulin,

and. this induced remission with no recurrence over the next 3 months.
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Patient M.O. Case 3
This 40 year old female had had recurrent attacks of erythema
multiforme m1 her hands and feet since 1978. These were usually
preceded by hérpes simplex ten days prior to the appearance of the
erythematous lesion. She continued to have about 4 attacks of

erythematous rashes a year. She was infused with 1 unit of plasma

from her son (P.0.) on 24.Z4.80.

Blood virology was negative and titre against herpes hominis was
1/40. No virus particles could be seen on skin biopsy by electron
microscopy. Other blood investigations were normal., Other immunological

investigations are shown in Table 3.713%.

Table 3,13 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION

PATIENT M.O. - % normal PEG Precipitable (%)
T date - €3 CH50 Cla Tet IM Isgh
10. 7.79 284 days Pre T 107 91 35,5 0.5 6.7 -
Ae 1.80 110 days Pre T 112 106 11 2,27 0 -
1, 2,80 83 days Pre T 110 126 1645 0421 3,53 =
3¢ 5480 ... 9 days Post T 190 85 ND ND . 3,98 .=

Cross~reaction results: The donor: P.O. (son).

1. The cross-reaction between the patient and the donor by RIA was
negative.

2. The cross-reaction between the patient and the donor by the delayed
technique is shown in Table 3,74.

Table 3,14 CROSS=FEACTION BY DELAYED TECHNIQUE

M.0. | P.O. | Mixture |expected
0.82 |1.18] 3.6 0,89
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Results of treatment:

Erythematous rash and herpes simplex were completely cleared a few
days after plasma infusion and the patient remained in complete remission

until February 1981,

Patient J.S. Case 4

This 25 year old male had had recurrent attacks of erythema
multiforme on his hands and feet since 1973, He continued to have
acute attacks of erythematous rashes three times a year. He was treated
with prednisolone and intramuscular injections of ACTH, The pétient

was' infused with 1 pint of frésh froAze'n plasma on -7.3.80.

Inveétigations : -,

WBG 7.9 x 10°/1, EBC 5.3 x 1012/1, ESR 2, titre against herpes
hominis was 1/40. Other blood virology was negative.  Other immunological

investigations are shown in Table 3.15.

Table 3,15 COMPLEMENT AND . IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT J.S. % normal- PEG Precipitable (%)
date = 03  CH50 clg TG IM I
6. 3.80 1 day Pre T 98 96 5544 0438  4.26 =
12, 3,80 5 days Post T 120 114 | 6.2 0,55 113 -
20, 3.80 13 days Post T 117 100 | 16.8  0.33 3 -
11 6480 94 days Post T 92 90 ND.  0.28 1,37 =
25, 6.80 108 days Post T | 102 8 | ND  0.28 3.13 -

Cross~reaction resultss

The cross=reaction between the patient and the fresh frozen plasma
by the delayed technique is shown in Table 3.16.

Table 3,16 CROSS=REACTION BY DELAYED TECHNIQUE

JeSe | FFP | Mixture |expected|
1.77 | 2.16 3,15 1.84
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Results of treatments

There was no clinical benefit from the infusion. IgM complexes
were found by 5 days post infusion and then disappeared. Ciq in circulating

complexes disappeared by 13 days.

Patient F.A. Case

This 24 year old female with lupus nephritis had had polyarbhritis,
rashes over the face and the arms and hypertension since 1975.
Azathioprine and prednisolone did not control her symptoms. The

patient was treated with plasma:plrieresi-s on (1410475)

Investigations:

Plasma creatinine 167 Hmol/l, ANF positive, INA binding 33 units/ml,
24 hour urinary protein 12 g. Other immunological investigations are

shown in Table 3.17.

Resul‘“ts. of plasmapheresiss

Six plasmaphereses with plasma protein fraction (PPF) were performed.
Rash and joint pain subsided, 24 hour proteinuria fell from 13 to 8 g
following treatment. IgG in circulating complexes fell after exchange
but remained above normal, Cig in circulating complexes fell after some
exchanges, C3 and CH50 levels remained low (Fig. 3.8). She relapsed
after 8 weeks and 3 exchanges in 8 weeks with fresh frozen plasma (FFP)
were performed. C3 levels rosge to normal. Clg and IgG in circulating
complexes fell after plasma exchange. Proteinuria fell to 2.5 g in 24
hours, She relapsed after 10 weeks and was treated with further exchanges
with fresh frozen plasma after which the circulating complexes were not

found (Fig.3.8). Two months later she died in hypertensive heart failure.



Table 3.17 COMPLEMENT AND IC DATA EEFORE AND AFTER PLASMAPHEHESIS

/ contde..

PATIENT F.A. % normal PEG -Precipitable (%)
date C3 CHS0 Se1q” IsG
1.10.75 Pre FP1 39 12.2 42,5 2.5
1.10.75 Post PP1 19 ND 37.8 1.5
6.10.75 Pre PP2 29 9.4 62.4 1.8
6.10.75 Post PP2 18 5.5 | 29 0.8
9.10.75 Pre PP3 " 2 7.5 29.75 1.
9.10.75 Post PP3 16 10 37.8 1.7
(Wo immediatepre PP4 sample available)
15.10.75 Post PP4 47 6.7 40 0.85
22,10.75 Pre PP5 74 14.6 9 1.1
22.10.75 Post PP5 42 0 90.75 0.85
24.10.75 Pre 7PP6 63 19.2 90.75 1;§§_
24.10.75 Post PP6 42 1341 76.1 1.15
10.12.75 Pre PPT ND D 90 1.31
10.12.75 Post PPT ND ND 6. 0.58
9. 2.76 Pre PP8 77 30 91425 1.83
9. 2.76 Post PP8 ND ND 17.4 1.15
10. 2.76 Post PP8 112 ND 61.8 0.99
10. 2.76 Post PP8 95 20 82.85 1.33
12. 2.76 Pre PP9 89 47 27.8 0.43
12. 2,76 Post PP9 86 82 14.4 0.65
13. 2.76 Post PP9 79 36 43.8 0.5
13. 2.76 Post PP9Y 84 25 27.8 0.55
15. 2,76 Post PP9 % 18 344 0.35
16. 2,76 Post PP9 79 18 3444 0.5
17. 2.76 84 23 41.35 1
15, 3.76 D 15 23,35 0.7
23. 3.76 2 2 £5.85 1.61
3. 4.76 62 21 68.75 1,32
8. 4.76 24 14 6.7 132
10. 4.76 8 29 69.5 2.75
1. 4,76 Pre PP10 47 18 0 0.38
12. 4.76 Post PP10 46 20 39 1.53
13. 4.76 Post PP10 79 35 345 1.0
14. 4.76 Post PP10 92 81 61.5 0.7
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Table 3,17 COMPLEMENT AND IC DATA EEFORE AND AFTER PLASMAPHERESIS (Contd. )

% normal PEG Precipitable (%)

date c3 CH50 Clg 1gG
170 4476 4 34 59 1.08
18. 4.76 53 31 19.5 2.5
19. 4.76 Pre PP11 64 32 21,5 0.55
19. 4.76 Post PP11 58 51 21.5 0.45
22, 4.76 51 19 15.5 0.45
23, 4,76 Pre PP12 58 17 3645 0.54
23, 4.76 Post PP12 47 15 14 0.25
24. 4.76 Pre PP13 58 43 31 0.39
24. 4.76 Post PP13 50 24 19 0.25
26. 4.76 Pre PP14 61 18 40 0.55
26. 4.76 Post PP14 49 13 12.5 0.20
27. 4.76 Pre PP15 50 15 23.5 0.30
27. 4.76 Post PP15 45 13 14 0.25
28. 4.76 48 37 0 0.23
29. 4.76 45 34 1044 0.21
30, 4076 47 31 50.3 0.23
3. 5.76 58 3 61 0.46
6. 5.76 61 2 63.5 0.39
1. 5.76 73 59 55,5 0.46

N.B. ~ PP = Plasmapheresis
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Complement and circulating complexes before and after treatment
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Patient F.M. Case 6

“ This 31 year old female from the Philippines was admitted to U.C.H.”
on 15.710.77 with a ten day history of oliguria and generalized oedema.
The oedema had started after an upper respiratory tract infection. The
patient had a renal biopsy performed which showed membranoproliferative
glomerulonephritis (mesangiocapillary glomerulonephritis). She was

treated with diuretics and had received two units of blood. She was

discharged on 30.11.77. Prednisolone was started in November 1978.
The patient was readmitted on 11.12.78 because of uncontrolled nephrotic

syndrome and SLE was diagnosed. She was infused onm'{:wo occasions (19.1.79

and 30.4.79j with plasma from her brother (M.M.).

On ,examination:

CNS and CVS normal. Chest clear, FP 140/95 mm Hg. No rashes.

Oedema of arms, legs, abdomen and face,

Investigationss

WEC 3900/m’, Hb 12.3 g/100 ml, ESR 57, platelets 146,000, urea
20,7 mmol/l, plasma creatinine 140 umol/l, +total plasma protein 38 g/1,
altumin 21 g/l, globulin 17 g/l, creatinine clearance 44 ml/minute,
ASO less than 200 units, ANF was negative but later became positive,
Australia antigen negative, MSU sterile but contained moderate numbers
of RBC, 24 hour urine protein excretion 5 g, INA binding became 40 units/ml
by the end of 1978. Other immunoclogical investigations are shown in

Table 3.180



Table 3,18 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION:

PATIENT F.M. % normal PEG Precipitable (%)
date €3 CESO |Clg  IsG  I&M IgA
25.10.77 15 days Pre BT 46 28 60 1.2 ND -
31.10.77 10 days Pre BT 29 0 21.5 1.25 ND  ND
8.11.77 2 days Pre BT 26 0 8.5 0.65 ND XD
24.11.77 14 days Post BT 31 0 21,5 1,07 ND ND
28.11.77 18 days Post BT 24 (9] 35 Q. ND ND
16.12.77 36 days Post BT 38 o 39 0.82 ND ND
30, 1.78 50 days Post BT 87 105 70 0.65 D -
27. 2.78 77 days Post BT 85 85 65  0.45 WD -
30. 3.78 120 days Post BT | 88 99 70 1.4 ¥D  +
10. 4.78 130 days Post BT 96 88 95 1.3 4 -
12, 6."(_5 192 days Post BT 90 95 112 2.2 40 -
11.10.78 98 days Pre PT1 91 60 33 0.4 o -
12.11.78 67 days Pre PT 73 20 {115 1.2 13+
13.12,78 36 days Pre PT1 61 30 1T 03 1.7+
14.12.78 35 days Pre PT1 56 30 34 0.2 2.1+
26. 1.79 7T days Post PT 74 100 22 0.5 1.3 &
94 4.79 21 days Pre PT2 86 90 50.7 1.2 T +
{104 4.79 20 days Pre PT2 89 102 62,9 1.1 5.3 =
11. 4.79 19 days Pre PT2 85 60 54 0.9 5.8  +
30. 4.79 30' Pre PT2 102 40 4 - 0.8] 5 -
30. 4.79- 30! Post PT2 63 40 10,2 0.77 2.9 -
3. 5.79 3 days Post PT2 6 30 34 0.8 3.6 &
9« 5.79 9 days Post PT2 15 30 34 1 3¢9 +
18. 5.79 18 days Post PT2 | 67 30 63  0.72 3.4 -
21. 5.79 21 days Post PT2 | 70 56 47 044 2.6 «
29+ 5.79 29 days Post PI2 82 65 68 0.81 5.7 =
12. 6,79 42 days Post PT2 81 96 47 0.2 3.8 =
14+ 6.79 44 days Post PT2 | 10  T5 58 0.5 1.9  +
25. 6.79 55 days Post PT2 80 120 71.5 0.47 3.8 - =
I\T.B.— - BT = Rlood Transfusion
- PT = Plasma Transfusion

123.



Cross—reaction results: The donors: (1) M.M.(brother), (2) A.M.(brother).

a. The crosg-reactions between the pa.tient and the donors by RIA are
shown in Table 3.19.

Table 3.19 CROSS-HEACTIONS BY KRIA:

FQM. M.Ml AOM.

I‘IQVMA- 608 1 . 2 -Ve
MM, 4e2 11 145
A.M. 2.9 | =ve | =ve

J.B.K. (nommal) | 0.7 | =ve |=ve
AK. (normal) -ve ND | ¥D

N.IB: ~ The horizontal rows related to each sample used to
coat a cup, and the vertical columns related to

each labelled complex added tco the cups.
b. The cross~reactions between the patient and the donors by the delayed
technique were insignificant because the donors' samples were old and IgG

was not found in their PEG pellet.

Results of tfeament:

On admission the patient's renal function was poor. Generalized
oedema was present. UI:'Lnarsr output was low. She was treated wi'bh!
diuretics and infused with 2 pints of stored blood (10.711.77), after
which she had developed diuresis, oedema was gradually resolved and
renal function beé'an to improve. The patient remained in complete
remission until November 1978 after which she relapsed and her kidney
function started to deteriorate. She was infused with 2 pints of plasma
(19.1.79); this induced complete remission, her kidney function started
to improve, for example, her creatinine clearance rose from 12 ml/min
before transfusion up to 22 ml/min by fifth day post~transfusion, and
a ten week remission was obtained. Tomune complex levels remained
undetectable, CHS50 and C3 levels returned to normal (Fig.39 ). The
second relapse was treated with 1 pint of plasma (30.4.79) but she did

not respond. Four months later she died of septicaemia,
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Complement and circulating complexes before and after treatment



Patient W.M. LCase T

This 55 year old lady with systemic lupus erythematosus had had
polyarthritis, malaise and facial rashes since 1965. Prednisolone
and anti-inflammatory agents did not control her joint symptoms.

The patient was treated with plasmapheresis in 1976.

Investigations:

ANF © 4ve, INA binding 32 units/ml, LE cells positive. Other

immunological investigations are shown in Table 3.20,

ﬁesults of plasma.pherésis:

Tive exchanges with plasma protein fraction reduced her pain but
morning stiffness did not improve. Coinplemen‘b and immune complex
levels fell after exchange. Four weeks later four plasmaphereses
were performed with fresh frozen plasma (FFP). After the treatment
morming stiffness subsided, CH50 levels rose, and Clq and IgG complex
levels fell (Fig.3.10). Malaise returned after one month and she

relapsed after three monthse.
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Table 3,20 COMPLEMENT AND IC DATA EEFORE AND AFTER PLASMAPHERESIS

~ PATIENT W.M. % normal PEG Precipitable (%)
* date ¢3  CH50 Clq e
8.12.75 'Pre PP 9 39 53.6 0.5
14. 1.76 Pre PP 79 132 68 0.65
(no: immediate Post PP1 sample available)
28. 1.76 Pre PP2 113 168 89, 0.51
28. 1.76 Post PP2 67 63 55.4 0.37
4o 2,76 Pre PP3 51  ND 30.8 0.24
" (no immediate Post PP3 sampjle available)

1. 2.76 35 33 39 0.75
| 13. 2.76 93  T1 | 64.4 0.55
18. 2.76 Pre PP4 89 48 5142 0.65
18. 2.76 Post PP4 64 56 43.75 0.35
25. 2.76 7% T1 64.45 0.35
3. 3.76 Pre PP5 95 72 | 87.45 11
3. 3.76 Post PP5 73 21 8.95 0.55
10. 3.76 83 80 78 0.6
17+ 3.76 87 80 80.7 0.53
6. 4476 Pre PP6 94 70 {100 0.9
6o 4476 Post PP6 2 171 65.85 0.70
7o 476 Pre PP7 105 57 T1.7 0.70
Te 4276 Post PPT 87 14 23 0.57
Be 4476 87 92 3645 0.75
9 4476 Pre PP8 4 5 59,2 0.73

(no immediate Post PP8 samplle available)

1. 4.76 92 90 78.5 1.3
12, 4.76 79 102 57 0.8
14e 4476 85 116 8. 1.2
5. 5.76 .+ 93 76 123.5 1.3
1. 7.76 A R 1.1
23.11.76 102 26 46 0.32
24.11.76 94 20 3 0.22

N.B. = No date available for the 9th plasmapheresis.

Two patients F.A. and W.M. who had been studied previously
in this department were briefly described by Moran, Parry, Mowbray,

Richards and Goldstone (1977).
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Patient ¥.B. Case 8

This 32 year old male with congenital deafness was admitted to
U.C.H. on 2.5.75 with a 2 month history of lethargy, arthropathy in
the large joints and purpuric rash over his ankles. He was found to
have proteinuria and haematuria as well, Renal biopsy and skin biopsy
were performed. Wegener's granulomatosis was diagnosed, foxr which he

4
hadlgiven prednisolone and dapsone. The patient was infused with one

pint of plasms from his wife (P.B.) on 12.3.1980.

On examinations

He was deaf, tired and slightly pale. He had nasal obstruction.

There was no oedema. EP 120/80 mm Hgs CNS and CVS normal,

Inve.s tigationss

WEC 8.5 x 107/1, REC 3.29 x 10'2/1, Hb 10.2 /100 ml, ESR 60,
plasma protein 8.5 g/100 ml, albumin 3.7 g/100 ml, globulin 4.8 g/100 ml,
IgG 2200 mg/100 ml, IgM 108 mg/100 ml, IgA 290 mg/100 ml, Iliver
function tests nomal, blood urea normal, plasma creatinine normal,

ANTF negative, zrheumatoid factor positive, Australia antigen negative
in the serum but positive in the skin biopsy, MSU sterile but contained
few red blood corpuscles, 24 hour urine protein excretion 0.1 g,

renal biopsy showed focal glomerulonephritis. Other immunological

investigations are shown in Table 3.21.



Table 3;21 COMPLEMENT AND IC DATA BEFOHE AND AFTER TRANSFUSION

PATIENT F.B. % normal PEG Precipitable (%)
date c3  CH50 ¢l Ise IeM IgA
6. 6475 dy, 9m Pre T 94.5 42.9 | 40 054 W W
1T 7+75 4y, 8m Pre T 116 112 28,5 0.46 ND ND
8. B.75 4y, Tm Pre T 106 71 o7 0.36 ND ND
15.10.75 4y, 5m Pre T 110 0 17 0.3  ND ND
14. 1.76 4y, 2n Pre T 95 55 |103.2 1 ND ND
19. 1.76 4y, 2m Pre T 128 132 47.85 0.99  ND  ND
15. 3.76 4y Pre T 85 57 63.75 0.58  ND ND
14, 6.76 3y, 9m Pre T 91 100 69 0,85 WD ND
13.12.76 3y, m Pre T 83 69 41 0,89 ND ND
12.12.77 1y, 3m Pre T 80 99 58.5 0.65 ND ND
6. 3.78 2y Pre T 89 91 | 4.5 0.45 ND  ND
2.8.78 17y, TmPre T 97 90 28,7 0.7 3.3 =
3, 3,80 9 days Pre T 106 140 79.3. 0.8 4.66 =
12. 3.80 30! Post T 115 102 25,9 0.88  5.66 ND
13. 3.80 1 day Post T 114 110 24,5 0.66  5.09 ND
19. 3.80 7 days Post T 119 114 13.2  0.44 2.7 WD
26. 3.80 15 days Post T | 117 90 18 0.8 3 +
16. 4.80 1m, 4 days Post T|106 100 | 31 0.4  0.53 &
12. 5.80 2m Post T 100 76 ND  0.48 4.2 =
NeBe = y = 4yea.r; m = month
Cross-reaction results: The donor: P.B. (wife)

ae The crosg-reaction between the patient and the donor by RIA

is shown in Table 3,22,

Table 3.22 CROSS~REACTION BY RIA:

F‘:B.. P.BQ

AX. (normal)

Fo Bo «-Ve O » 62

-ve

NeBe = F.B. in horizontal row is the labelled sample
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be. The crogss-reaction between the patient and the donor bythe delayed
technique is shown in Table 3+23.

Table 3.23 CROSS-REACTION BY IELAYED TECHNIQUE:

. B

P.. B.

mixture

expecte

2.5

1.64

2

2.3

Results of treatment:

Plasma infusion cleared his rash for 5 days after which he had

developed new spots.

from plasma infusion.

It seems that there was no clinical Dbenefit

He lost his circulating complexes after

transfusion, but his IgG complexes appeared again by 15 days (Fig. 3.11)

Patient I.J.

This 53 year old lady had had generalized weakness,

Case 9

malaise,

polyarthritis, Raynaud's syndrome and facial and trunk rashes since

1976. Mixed comnective tissue disease was diagnosed, for which she

was treated with prednisolone and anti-inflammatory agents. She was

infused with 2 pints of fresh frozen plasma on 5.3.1979.

On examinations

All systems were nommal.

Investigations:

EP was 110/80.

REC 3.9 x 10'2/1, WBC 5.9 x 10°/1, Hb 12.4 g/100 ml, ESR 63,

liver function tests and kidney function tests nommal,

INA binding 10 units/ml, antibodies to ENA positive.

investigations are shown in Table 3e24e

ANF negative,

Other immunological
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Table 3.24 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION

PATIENT I.J. | % nommal PEG Precipitable (%)
date C3 CH50 Clg I8G IM Igd
26. 697 1y, 9m Pre T 108 90 65  0.82 WD %
15. 7.77 1y, m Pre T | 102 110 13 0.65 ¥ -
9. 3.79 4 days Post T 95 112 15 0.46 1.7 =

Results of treatments

The patient was a'dmi"c'bed to Ste. Mary's Hospital for the acute attack |
of her illness; she was treated with 2 pints of fresh frozen plasma.
A striking improvement occurred after the treatment. Malaise and
joint pain disappeared and she was in complete remission when discharged
a few weeks later, Arthritis and malaise returned after 10 months.

4 Days post infusion, éirculating immune complexes were not founde.

Patient R.J. ' Case 10

This 41 year old male was admitted to U.C.H. in 1977 for further
investigations of proteinuria and fatigue. Since 1968 he had suffered
from arthritis of his interphalangeal, metacarpophalangeal, wrist,
elbow, shoulder, hip and knee joints. Rheuma‘boid arthritis was
diagnosed, for which he had been given a variety of drugs including
steroids and gold injections. He had had bilateral total hip
replacements in 1973. He was lost to hospital follow-up until 1977.

Renal biopsy was perfommed in 1979, The patient was infused with

one pint of plasma from his brother (W.J.) on 21.8.79.

On examinations

CVS and CNS nommal. There were crepitations at the lung bases.

BP 140/95 mm Hg. Metacarpophalangeal and proximal interphalangeal
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joints were swollen. Elbow, shoulder and knee joints were painful.

Oedema was not present.

Investigationss

WEC 6300/m> REC 3.4 x 10'2/1, ESR 24, Hb 10.3 g/100 ml, sexum
creatine 136 imol/l, serum urea 16.9 mmol/l, creatinine clearance
30 ml/min, cholesterol 5.6 mmol/l, DINA binding 5 U/ml, Rose-Waaler
and antinuclear factor positive, Australia antigen negative, MSU sterile
and contained no RBC, 24 hour urine protein excretion 1.16 g; renal
biopsy showed amyloidosis and renal vasculitis. Other immunological

investigations are shown in Table 3.25.

Table 3.25 COMPLEMENT AND TIC DATA BEFORE AND AFTER TRANSFUSION

PATIENT R.J. % normal PEG Precipitable (%)
date C3 CH50 Clq IsG IgMm IzA
Te 4.78 1y, 4m Pre T 96 115 | 19.4  0.49 18 4+
17. 7.78 * 1y, 1m Pre T 104 94 | 14.8 4.2 25+
11. 9.78 11m, 10 days Pre T [104 92 2043 4.1 22 +
28. 2.79 5m, 23 days Pre T [105 98 61.7 2 2 *
9¢ 5,79 3m, 12 days Pre T [102 106 845 1.4 13 +
30. 5.79 2m, 21 days Pre T |ND 8 | 5.4 0.23 13 &
25. 6,79 1m, 25 days Pre T HOT 116 | 61.2 1.1 9.4 &
9. 7.79 1m, 11 days Pre T | 78 80 1242 1.8 11 -
21. 8,79 30' Pre T 84~ 108 5145 1.3 J_?__:_5_ +
21, 8.79 1 hour Post T 82 86 | 40.8  0.54 6.3 ND
24. 8.79 3 days Post T 64 86 69 1 16+
29. 8.79 8 days Post T 98 91 69 1.2 8.9 =
Cross—reaction results: The donors, (1) W.J.(brother), (2) P.J.(wife)

1+« The resulis of cross~reactions between the patient and the donors
by RIA are shown in Table 3.26,
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Table 3.26 CROSS=REACTIONS BY RIA:

RoJ. | PoJo | W
R.J. 0.7 1e2 1.4
P.J. Q.2 | =ve ND
W.Je 0.5 ND | =ve
J FM. (nomal) | =ve ND | ND
A.S. (normal -ve ND | ND

be The cross~reaction between the patient and the donor W.J. by the

delayed technique is shown in Table 3.27.

Table 3,27 CROSS=-REACTION BY THE DELAYED TECHNIQUE:

RoJe | WoJ. | mixture lexpected
416 | 2,17 3s24 3.76

Results of treatment:

There was no clinical improvement in the patient and his kidney
function stayed the same., He lost his IgG complexes immediately aftex
the infusion for 3 days. Clg in circulating complexes appeared after
3 da,ys'.'IgM in circulating complexes fell immediately after the infusion
but remained higher than the normal, and began to increase gradually

(Fig. 3.12).

Patient Pl Case 11

This 47 year old lady was admitted to Ste. Mary's hospital in 1967
complaining of 7 months duration easy bruising, bleeding 2 days aftexr
dental extraction, heavy period for 9 months and red spots on her feet
and arms. TIdiopathic thrombocytopenic purpura was diagnosed, She had
had a splemectomy and was treated with steroids +o which azathioprine
was added. In 1972 hypothyroidism and permicious anaemia were diagnosed,

which were known to be well controlled by a specific treatment. The
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patient had needed hospitalization from time to time for the idiopathic
episodes of her illness which were known to be unreponsive to splenectomy,

steroids and immunosuppressive treatments. The patient was infused with

2 units of plasma from her two sons on 8.9.1978.

On examination:

RS, CNS and CVS were normal. BFEP 130/84 mm Hg. Bruising of the

left wrist, purpuric spots on the legs and the abdomen were present,

Investigationss

WBC 6000/ma’, Hb 10 g/100 ml, ESR 42, PCV 43, MCHC 30%,
kidney function tests and liver function tests nommal, prothrombin time
39 seconds with control 14 seconds, platelet counts 135,000, 11,000,
30,000, and 120,000 on different occasions, ANF negative, slide latex
negative, INA binding 11 U/ml. Other immunological investigations are

shown in Table 3,28.

Table 3,28 COMPLEMENT AND IC DATA EBEFORE AND AFTER TRANSFUSION:

PATIENT F.L. | 9% normal PEG Precipitable (%)

date C3 CH50 Clg IaG IM Igh
15« 778 5% days Pre T 84 97 _6_5 0.98 ND ND
Te 9478 1 day Pre T 98 100 105 1e3 446 -
8. 3,78 30! Post T 93 86 54 - 1.22 3.6 +
14, 3.79 186 days Post T | 88. 104 65 0.4 3.6 +

Cross-reaction results: The donors, (1) J.L.(husband, (2) P.L.(son),
(3) W.L. (son).

1. The cross—reactions between the patient and the donors by RIA were

negative.

2. The cross-reactiors between the patient and the donors by the

delayed technique were negative and are shown in Table 3.29.
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Table 3.29 CROSS-REACTIONS BY IELAYED TECHNIQUE:

F.L. | P.L. P.Le ) W.L.

2.5 | 2.05 [0.51] 1.64 | alone
F.L. | 1.85 11.5411.55 | mixture
2.4 a1 2.2 |expected

Results of treatments
There was no clinical benefit from the treatment and the purpura
persisted. Six months later C1q and IgG in circulating complexes

were not found.

Patient R.M. Case 12

This 37 year old male had had recurrent attacks of purpura since
1971 which were mainly limited to the lower legs.‘ In 1975 he had
experienced a widespread attack of purpura, a biopsy taken at the time
was reporited as showing features of allergic vasculitis. The eruption
responded to a course of systemic steroidj in 1979 he had had a further
episode of steroid responsive purpura which recurred when the dose of
prednisolone was reduced below 20 mg a day. In 1979 dapsone was added
to which he responded but was discontinued after 2 weeks due to falling
haemoglobin levels., .Another skin biopsy pexrformed in St. John's
Hospital for Diseases of the Skin in 1980 suggested dermatitis herpeti=-
formis~-like change on the basis of linearIgA deposition but this was
not supported by later data. He responded to elimination diet, but

not to gluten withdrawal. The patient was infused on three occasions

with plasma from his wife on 10.12.79, 6.2.80 and on 29.2.80 from one

unit each time,

On examination:

RS, CVS and CNS were normal, inspection revealed eruptions affecting

his trunk and limbs. Purpuric macules and papules were located on his
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arms and legs, without vesicle formation.

Investigations:

WBC 7700/mn>, Hb 12.4 gful, ESR 40, kidney function tests and
liver function test normal, IgG 13 g/l, IgA 2.4 g/l, IaM 1.9 g/1,
ANF positive at 1/10, rheumatoid factor positive at 1/80, MSU sterile
and negative for RBC and protein. Other immunological investigations

are shown in Table 3,30.

Table 3,30 COMPLEMENT AND IC DATA EBFORE AND AFTER TRANSFUSION

PATIENT RM % nommal |  PEG Precipitable (%)

date c3 CH50 | Clgq I8G TgM Ish

5¢ 9.79 95 days Pre T1 104 40 59.3 0.76  10.8 =+
17.10.79 53 days Pre ™ ND 65 [90.2 0.94 10,8  +
10.12.70 30" Pre T 93 90 |56 1,26 13.2  +
11.12.79 1 day Post T1 104 72 [58.3 1.6 11.4 %
14.12.79 4 days Post T1 | 101 82 |22.3 0,83 10.3  +
6. 2.80 30! Pre T2 112 94 . 11841 0.55 3.98 +
7. 2.80 1 day Post T2 116 72 196.7 146 15.7 &
11, 2,80 5 days Post T2 | 115 93 |69.3 0:92 7.1 %
18. 8480 12 days Post T2 | 101 80 |66 0.84  11.8 +
25, 2,80 19 days Post T2 | 128 92  116.8 0.47 119 &
29..2.80 30' Pre T3 112 75 579 0.61 12,7 +
1. 380 2 days Post T3 112 62 63.1 0.5 12,12 +
7o 3.80 8 days Post T3 | 113 76 16341 0.57 4.9 +
13. 3.80 14 days Post T3 | 109 88 |36 0.88 12  +
25. 3.80 26 days Post T3 | 123 92 54.2 0483 12.5 +
31+ 380 32 days Post T3 102 96 [19.8 . 0.56 20,2+
8e 4.80 39 days Post T3 99 90 [59.8 1.13  17.82 +
28+ 4.80 59 days Post T3 97 100 ND 1.31 7.68 +
6o 5.80.. 67 days Post T3 125 72 ND 1.25 9.7 =+

Croés-reaction’results: The donors: J.M. (wife), BN, IM, Ip, ImM, MP,
MO, RE, CP, KC and BG (all friends).

1. The cross-reactions between the patient and the donors by RIA

are shown in Table 3.31.



Table 3,31 CROSS-REACTIONS BY RIA:
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;M. |R.N. | 1.P. |DmM |M.P. |M.0. |R.E. | CiP. | R.C. | B.G. |JEM (noxmal)
™ O..Z 0.71 | 0,16 | =ve | =ve |=ve |=ve |=~ve |=ve |-ve -ve

N.B. . BM is the labelled sample

2. The cross=reactiors between the patient and the donors

technique are shown in Table 3.32.

Table 3,32 CROSS=-REACTIONS BY IELAYED TECHNIQUE:

by the delayed

RM. | g | DML | T.P. DM | Mips | ReN. | M.0. | ROE.

2463 | 1277 | 1494 | 1294 177 | 137 | 1.33 | 3463 | 1.94 | alome

RoMo M 1.7 1.77 1-73 1.94 1‘77 1.94 2.16 mixture
2.5 |2.49 | 2.49 .45 {23981 2.4 | 2.8 [ 2,49 {expected

Result of treatment:

There was no clinical benefit from the infusionse.

Patient F.P.

Case 13
This 59 year old lady was admitted to U;C.H; on 234441976 with a

history of left leg stiffness and bruising with bright red painful

blotches on the anterior aspect 18 months prior to admission. She had

a further attack on the right leg,

then on both legs.

The attacks of

erythema subsequently recurred about every 4 weeks and later increased

%o a 2 week interval.,

The patient had a skin biopsy performed which

showed cutaneous vasculitis of unknown origine.

(15 mg) since 1976 to which dapsone was added in 1979.

up in the out~patients! clinic.

She was on prednisolone

She was followed

The patient was infused on 3 occasions

iv:i'th plasma from 1 unit each -tﬁ}ﬁé.

from her brother (A.P.),

and 21.3.80 from her sister (T.G.).

The first infusion was on 30.5.1979

the second and third infusions were on 18.6.1979
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On examination:

Round, deep red discoloration over the dorsum of both feet could be
seen and the skin was acutely tender and surrounded by erythema. RS,

CVS and CNS nommal. BP 130/80 mm Hg.

Investigations:

WEC 3.3 x 10°/1, REC 3.4 x 107°/1, Hb 11.7 /100 ml, ESR 24.

Kidney function tests and liver function tests nommal. ANF negative,
rheumatoid factor negative, Australia antigen negative, plasma protein
74 g/1, albumin 40 g/1, globulin 34 g/l, TIaG 11 g/l, TIgA 2.3 g/,

IaM 1;7 g/l. ~Other immunological investigations are shown in Table 3e33e

Table 3,33 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT F.P. % nomal |  PEG Precipitable (%)
date C3 _ _cHS0 | Cla  TeG  TIaM Tl
29, 6.76 2y, 11m Pre T 84 ND 36,5 0432 ND WD
14e 277 2yy 3m Pre T 98 109 0 0.25 ND ND
30, 5,79 30' Pre T 95 125 | 34,9 0.8 5  +
30. 5.79 30' Post T 95 91 10 0.2 12 =
4. 6,79 . 4 days Post T 93 94 8 045 2,17 -
11. 6,79 11 days Post T1 91 118 18.8 0416 0.7 =
13, 6.79 13 days Post T 105 130 41 0.65 3.8 WD
18+ 6.79 30! Pre T2 100 120 48 0d  4e3 =
18. 6479 30' Post T2 106 108 47 0.5 3 -
22, 6,79 4 days Post T2 115 105 31 0,85 3.2 =
27. 6.79 9 days Post T2 [ 102 106 16.6 0.5 5.8 = |
28, 6,79 10 days Post T2 107 110 39,9  0.33 3.8 +
5. T.79 17 days Post T2 104 46 | 17.5 0.31 3.6 =
6. T.79 18 days Post T2 ND 40 | 40.8 0.31 3.2 ND
9e ToT9 21 days Post T2 96 46 28.7 0.49 0.9 WD
164 T.79 28 days Post T2 96 100 2,3 0,23 1.5 WD
30. 7.79 1m, 12 days Post T2{ ND ND 447 0425 1.5 WD
21. 3,80 30' Post T3 108 94 46  0.33 0 ND
25. 3.80 4-days Post T3 | 111 98 | 3641  0.65 5.9 +
21, 4,80 “lm, Post T3 103 100 ND 0.5 4.4+
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Cross—-reaction results: The donars: (1) A.P.(brother),(2) L.G. (sister),
(3) CoJ. (sister).

a., The crogs=reactions between the patient and the donors by RIA are

shown in Table 3.34.

Table 3.34 CROSS—-REACTIONS BY RIA:

F.P. | A.P.

A.P. 0.5 0.9

LcG’o -=Ve 0_02.

CodJe - 0.3 -V

J.B.K. -ve -ve
(normal)

be The cross-reactions between the patient and the donors by the

delayed technique are shown in Table 3.35.

Table 3,35 CROSS-REACTIONS BY DELAYED TECHNIQUE:

7.7 | A.P5 | 1.G.

1664 | 2,051 2,52 F.lone
F.P. | 2,18 | 2.55 mixture
TeT2 | 14871 lexpected

Re suits of | Itrea.tment :

Before the infusion,red painful rashes were distributed on the
dorsum of the feet and the patient was not able to walk easily. The
rashes began to disappear after the first infusion (30.5.79) but a few
small spots were still present and the pa.fient started to walk freely.
She lost her IgG complexes immediately after the first infusion (Fig.3.13).
The spots disappeared completely 2 days after the second infusion
(18.6.79).  Ig&G in circulating complexes appeared within 4 days post
second infusion and then disappeared within 9 days. CH50 fell by 17
days post second infusion but later recovered (Fig.3.13). The patient
remained in complete remission for 3 months and prednisolone was stopped
during this period. She relapsed after 3 months and did not respond to

third infusion.
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Patient K.R. Case 14

This 40 year old lady had had cutaneous vasculitis since 1970.
She was admitted to St. Mary's Hospital in 1973 for skin biopsy, and
polyarteritis nodosa was diagnosed. She had needed hospitaliz.ation
on several occasions for the acute attacks of her illness, e.g. fatigue,
pyrexia, polyarthritis and painful ulcers over her feet and legs. She
continued to have several attacks a year. She was treated with
prednisolone to which dapsone and azathioprine were added. The patient

was infused on 2 occasions with plasma from her husband .(J.R.)(on 8e3s79

and 10.10.79) from one unit each time.

On examinations

All systems were normal., TUlcers or evidence of healing ulcers

could be seen on both legs.

Investigations:

WBC 6300/mm§, Hb 11.6 g/100 ml, ESR 29, kidney function tests
and liver function tests normal, total plasma protein 63 g/l, albumin
42 g/1, globulin 21 g/l, IgG 4.7 g/l, Ie&M 0.17 g/l, IgA 0.6 g/1,
ANF negative, rheumatoid factor negative, Australia antigen negative,
IE cells negative, MSU negative. Other immunological investigations

are shown in Table 3,36,



Table 3,36 COMPLEMENT AND IC

DATA EEFORE AND AFTER TRANSFUSION

PATIENT K.R. % normal PEG Precipitable (%)

date 03 cES0 | Clq TgG IgM IeA
21, 8.78 6m, 16 days Pre T1 | 120 120 | 35 0.35 33.6 =
13. 2,79 25 days Pre T1 106 99 5 0.63 8.08 -~
8. 3.79 12 hours Post T1 98 112 0 0.18 1.5 =
9. 3.79 1 day Post T1 79 120 0 0.7 1.5 =
12, 3.79 4 days Post ™1 § 93 120 | O 1.38 1.5+
23. 3.79 15 days Post T1 102 110 1.5 0.3 ND -
18+ 4.79 m, 10 days Post T1| 88 130 | 10,2 0.31 1.5 =
T. 9279 1m, - 3 days Pre T2 | 87 118 8.9 0.3 0 -
21. 9279 19 days Pre T2 93 122 3,3 0,19 0.9 =
11.10.79 1 day Post T2 104 126 3,4 0,16 0 ND
16.10.79 6 days Post T2 110 124 | 20,9 0,16 0.8 =
1.11.79 21 days Post T2 | 104 116 | 20 0.2 0 -
14.12.79 2m, 4 days Post T2 | 101 122 | 42.7 0.43 .0 -

Cross=~reaction results:

The donor J.R. (husband).

1. The cross-~reactions between the patient and the donor by RIA are

shown in Table 3.37.

Table 3.37 CROSS~REACTIONS BY

2e

RTAs

K.R. | J.Re
KR |2.5 |=ve
J.RQ 20 2 -e
MP(normal) | =ve | =ve

technique is shown in Table 3.38.

The cross-reaction between the patient and the donor by the delayed

Table 3.38 CROSS=REACTION BY IELAYED TECHNIQUE:

0.22 |1.6 | 1.8

X.R. |7.R. | mixture

Q.5

expected
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Results of treatment:

Before the infusion red painful ulcers were distributed on her feet.
The ulcers disappeared completely after the first infusion (8.3.79),
and the patient claimed "ito feel bettex"., She remained in complete
remission until 1.10.79. Prednisolone was stopped during this period.
IgG in circulating complexes were found by 4 days post infusion and then
digsappeared by 15 days. She lost her IgM complexes after infusion (Fig.3e14).
She relapsed after 26 weeks and was treated with another unit of plasma
(19.10.79), this induced complete remission, and at the time of writing,

16 months later, she had not relapsed.

Patient H.Z. Case 15

This 60 year old Iranian businessman was admitted to Wellington
Hospital in 1979 foxr further investigations of proteinuria, ill health
and fatigue. He was diabetic and treated with oral antidiabetics.
Chronic active hepatitis, cutaneous and renal vasculitis were diagnosed.

ﬁe '-ﬁr'a.sminfuseci wifh 2 ﬁits of plasma from his dé,ﬁghter (E.Z.) and sdn

(M.Z.) in April 1979.

On examination:

RS, CVS and CNS were nommal. The liver was enlarged. Purpuric

spots were present on his trunk.

Results of treatment:

Vasculitis was completely cleared 2 days after the infusion and
proteinuria fell to traces which rose again on the fifth day of the
infusion, it seems that plasma infusion may have induced a shoxrt
period of remission. He was lost to follow=up from 10 days after

the infusion.
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Patient DB. Case 16

This 37 year old lady was admitted to U.C.H. on 21.8.78 for renal
biopsy complaining of 3 months heamaturia with recurrent ankle swelling.

The patient was infused with 1 pint of plasma from her husband (N.B.)

on 9:&. t9o

On examinations

RS, ONS and CVS were nomal. EP 120/80 mm Hg. Some oedema of

the feet was noted, -

Inve’s; tiéatiohs :

WEBC 7'500/mm3, Hb 11.7 g/100 ml, ESR 47, plasma urea 4.8 mmol/1,
plasma creatinine 118 pumol/l, plasma protein 55 g/l, albumin 33 g/1,
globulin 22 g/l, I&G 3 g/l, IgA 1.8 g/l, IaM 3.7 g/l, serum
cholesterol 10.1 mmol/1, ANF negative, INA binding 7 units/ml,
Australia antigen negative, rheumatoid factor negative, MSU sterile
but contained moderate numbers of RBC. 24 Hour urine protein excretion
was variable between 2.6 and 8 g, IVP was nommal, renal biopsy showed
focal segmental proliferative glomerulonephritis. Other immunological
investigations are shown in Table 3.39. The kidney function of the
patient began to deteriorate gradually, her creatinine clearance was

34 ml/min on 21.6.79 and 11 ml/min on 28.7.80.
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Table 3.39 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT D.B. % normal PEG Precipitable (%)
- date c5 CHS0 | Clg 126 IgM Igh
3, 8.78 68m, 6 days Pre T 101 106 | 78 0.34 5.3 =
22, 8,78 Tm, 17 days Pre T 83 104 | 1646 0429 3,5 =
9.10.78 6m, Pre T 100 110 | 26.5 0.4 4.4 -
11.10.78 5m, 28 days Pre T 97 56 | 18 0.8 6.7 -
13¢12.78 3m, 26 days Pre T| 98 130 29.6 0.3 1.9 =
26. 1.79 2m, 15 days Pre T| 87 96 | 15.8 0.14 9.7 -
284 2,79 1m, 11 days Pre T 94 88 1549 0.1 2.7 -
6o 3.79 1m, 3 days Pre T ND ND 63 0.38 4.4 =
20. 3.79 19 days Pre T 39 99 | 58 0.6 12,5 =
1e 479 8 days Pre T 13 40 40.2 0.79 10 -
9« 4.79 1 hour Pre T 86 70 40 0.64 8.9 =
11. 4.79 2 days Post T 113 60 | 60 0.6 112 -
23, 4.79 14 days Post T 78 88 4.5  0.22 14 -
10¢ 579 1m, 1 day Post T T7 82 34 0.5 5 -
13¢ 579 1m, 4 days Post T 99 90 | 10.2 - 0.35 3.9 =
31. 5.79 1m, 22 days Post 1 99 119 8.8  0.21 2.7 =
5¢ T+79 2m, 26 days Post T 80 Q 2.3 0,20 3,9 -
23¢ 779 3m, 14 days Post T 82 114 | Tl 0.51 1.7 =
14e 4,80 1y, 5days Post T| 98 80 | 21.2°  0.86 19.7 4 .

Cross-reaction results: The donorss (1) N.B.(husband), (2) E.S.(sister).

2. Table 3.40 shows the resulis of the cross-reactions between the patient
and the donors by RIA.

Table 3,40 CROSS~REACTIONS BY RIA:

‘1.8 | x.3. | B.5.

D.B'. 0.3 -ve -Ve
NeB. 0.8 -e -Ve
E.‘S. 0.4 0.6 2. 2

AS(normal) | =ve | =ve| -wve
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b. Tables 3.41and 3.42 show the results of the cross-reactions between
the patient and the donors by the delayed technique.

Table 5.41 CROSS=-REACTION BY DELAYED TECHNIQUE:

D.B. | 1.3, | mixture lexpectad
1,031 1.4] 1.07 | 1.104

Table 3.42 CROSS=REACTION BY DELAYED TECHNIQUE:

D.B. | E.S. | mixture |expected
18 |2.271 1.94 | 1.89

These cross=reactions in Tables-3.471 and 3.42 were performed on wo

different occasionse.

Results of treatment:

Plasma infusion did not alter the patient's kidney function which
still deteriorated and there was no clinical benefit from the treatment.
She lost her IgM complexes after the infusion for 3 months and CH50

returned to normal levels.

Pa.%ien’c K.-G.. Cage 17

This 61 year old lady was admitted to U.C.H. on 3.71.75 for renal
biopsy. She was discovered to have proteinuria eight months before
admission. In the past she had had a splenectomy for easy bruising
when aged 15 years which cured her completely.

The patient was infused with 1 pint of plasma from her sister (F.P.)

on 23.4.79.

On examinations

RS, CNS and CVS were normal. EP 170/90 mm Hg.
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Investigations:

WEBC 9200/mm3, Hb 12 g/100 ml, serum urea 58 mg/100 ml, creatinine
1.5 mg/100 ml, total plasma protein 7 g/100 ml, albumin 3.5 g/100 ml,
globulin 3.5 g/100 ml, IgG 1140 ms¥%, IsgA 195 mg¥%, IeM 81 mgd, rheumatoid
slide latex negative, Australia antigen negé.‘cive,‘ ANTF negative, INA
binding 16 units/ml, MSU negative for bacteria but contained moderate
numbexrs of RBC, 24 hour urine protein excretion 2.1 g. | The last kidney
function tests before the infusion were; creatine clearance 7 ml/min,
plasma urea 24.8 mmol/l, plasma creatinine 635 ymol/l. Renal biopsy
showed focal glomerulonephritis; Other immunological investigations

are shown in Table 3.43.

Table 3.43 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT K.G. | % nommal PEG Precipitable (%)

date C3 CH50 | Clg ~TIgG IgM 1IsA

3.10.77 1y, Tm Pre T 101 105 | 24 0.4 WD -
30. 1.78 1y, 3m Pre T 106 114 | 66.5 0,76 ND =
20. 3.78 1y, 1m Pre T 95 121 | 67 0.62 W -
9.10.78 6m, 14 days Pre T| 109 96 | 33 0.63 ND =
13.12 78 3m, 10 days Pre T} 105 91 | 48.9  0.48 1.04 =
9. 4.79 14 days Pre T 85 100 | 75.9 0.9 3.4 +
23, 4,79 30 minutes Pre T | 93 120 | 49.3  0.44 0.4 =
23, 4,79 30 minutes Post T| 93 130 | 35.2 0.5 1.3 &
26. 4,79 3 days Post T 106 135 5.1 0.48 1.3 =
28+ 4.79 5 days Post T 98 90 | 2444 0478 1.3 -
34 5,79 10 days Post T | 100 135 | 17.3  0.42 1.3 =
10. 5.79 17 days Post T 87 79 5.1 0.8 1.3 =
21s 5,79 28 days Post T | 101 120 | 19.9  0.43 1 -
31, 5.79 m, 8 days Post T | 100 116 | 18.8  0.23 1.8 -

| 9. 7.79 2u, 16 days Post T 107 26 { 25.8  0.25 O ND
|23, 7.79 3m, Bost 2. . | 90 120 | 7.1 0.5 0 ND

Cross—reaction results: The donors:(1) F.P.(sister, (2) E.W.(sister),
- (3) D.T.(sister).
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a., The cross-reactions between the patient and the donors by HIA are
shown in Table 3.44.

Table 344 CROSS~REACTIONS BY RIA:

F.P. | DuTs | EWs J.B.(normal)

K.G. | 0.6 ~ve | =ve ~ve

N.B. = K.Ge. 1is the labelled sample

'b.. The cross-reactions between the patient and the donors by the
delayed technique are shown in Table 3.45.

Table 3,45 CROSS~REACTIONS BY DELAYED TECHNIQUE:

KQG. F.P. D. T. E.W.

2,42 3.5] 2.6]3.07 | alone
2.56 | 1.62 | 4,16 | mixture
2.63 | 2446|2455 expected

Results of treatment:

There was no clinical improvement in the patient and her kidney
function stayed the same, e.8. the creatinine clearance after the
infusion was 6 ml/min and the plasma urea 23 mmol/l. TaG inthe
circulating complexes appeared by 5 days post infusion and then

disappeared by 10 days.

Patient S.A.H. Case 18

This 22 year old Bangladeshi kitchen porter was admitted to U.C.H.
in 1977 for investigations of heavy proteinuria. For six months before
admission he had had polyuria and nocturia. The only obtainable history
was that in 1971 he had had typhoid fever and jaundice. He was treated

with diuretics and high protein diet. On 3.4.79 he was infused with

1 pint of plasma from his father (E.H.).
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On examination:

All systems were normal. Blood pressure was 120/70 mm Hg. There

was no ankle oedema.

Investigations:

WEC 8.8 x 10°/1, RBC 49 x 10'2/1, ESR 48, Hb 12.4 g/100 ul, blood
urea 6.6 mmol/l, plasma creatine 97 pmol/l, cholesterol 7.8 mmol/1,

ANF negative, INA binding 20 units/ml, plasma protein 55 g/l, albumin

32 g/1, globulin 23 g/1, IaG 7.8 g/, IgA 1.1 g/l, Ig 2.6 g/l. MSU

was sterile on several occasions, no pus cells were found but haematuria

was moderate. 24 Hour urine protein excretion on different occasions

was 13 g, 12 g. Other immunological investigations are shown in

Table3,46. IVP showed that both kidneys were enlarged with poor contrast

concentration, a finding compatible with a nephrotic syndrome. Renal

biopsy showed mesangiocapillary glomerulonephritisa

Table 3,46 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT S.A.H. % nomal | PEG Precipitable (%)

date ¢3  CH50 Cla  IsG I IeA
17.11.77 1y, Sm Pre T 100 72 28 0.48 ND  ND
2. 2.78 1y, 2m Pre T 103 100 25 0.5 4.5 =
12. 4.78 1y, 9 days Pre T | 102 86 43 0.2 6.2 =
11.10.78 5m, 22 days Pre T| 112 104 54  0.43 4.3 =
12. 3.79 21 days Pre T 93 90 12.3 0,38 3.6 =
5. 4,79 2 days Post T 107 106 36.7  0.33 4.9  +
9. 4.79 6 days Post T 68 68 49.3 0.54 T -
17. 4.79 14 days Post T 100 30 26.4 1.2 342 -
23. 4.79 20 days Post T 98 30 51 0.5 1.3 =
30.4.79 27 days Post T 86 92 10,2 0.35 1.5 -
14+ 5.79 1m, 11 days Post T 93 90 7.1 0.38 3.6 -
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Cross-reaction resulis: The donor: E.H. (father).

1. The crogs-reaction between the patient and the donor by RIA was

negative.

2. The cross-reaction between the patient and the donor by the delayed

technique was negative and is shown in Table 3.47.

Table 3,47 CROSS~RBACTION BY DELAYED TECHNIQUE:

S.AH. | B.B. | mixture |expected,
0.92 2.2 1e1 1436

Results of tYeatment:

The patient showed no clinical improvement after the infusion and
there was no bchange in the amount of proteinuria, which we consider
as a titre for the improvement. IgG in circulating complexes were
found by 14 days post infusion, but disappeared by 20 days. IgM
complexes were found by 6 days post infusion then disappeared., C3

and CH50 fell by 6 days post infusion but later recovered..

Patient L.P. ' Case 19

This 53 year old Greek man was a.dmit't.ed. to U.C.H. in 1976 for the
removal of varicose veins when he was noted to have mild renal failure
with heavy proteinuria, he was normotensive but became hypertensive a
few months later; he had noticed nocturia 3 times nightly for several
months. He was treated with B-blockers and hydrallazine. On 14.5.79

the patient was infused with 1 pint of plasma from his daughter (M.P.).

On examination:

RS, CNS and CVS were nommal, there was no heart failure, kidneys
were not palpable and there was no renal artery bruit. Oedema was not
present. By ophthalmoscopy marked A-V nipping was present but there

was no papilloedema. Blood pressure was 200/100 mm Hg.
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Investigations:

WBC 7500/m°>, Hb 15.8 /100 ml, ESR 23, urea 50 mg/100 ml, plasma
creatinine 2.1 mg/100 ml, electrolytes were nomal, total plasma protein
7 £/100 ml, albumin 3.8 g/100 ml, globulin 3.2 g/100 ml; creatinine clearance
64 ml/min, Australia antigen negative, ANF negative, 24 hour urine protein
excretion 1.9 g, MSU sterile but contained few RBCS. Renal biopsy showed
mesangiocapillary glomerulonephephritis. Other immunological investigations
are shown in Table 3.48. The last kidney function tests before the infusion

were creatinine clearance 21 ml/min, plasma urea 10.9 mmol/l.

Table 3.48 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION

PATIENT L.P. . " % nomial "l PEG Precipitable (%)

date C3 CH50 Clq IsG IgM IgA
30. 1.78 1y, 4m Pre T ND ND 95 1.3 w -
13, 4.78 1y, m Pre T ND ND T7e5  0.58 3.16 ND
9¢ 4.79 1m, 5 days Pre T 87 80 155 0.6 1.8 +
30. 4.79 14 days Pre T 109 100 38 0.5 0.2 ©ND
13. 5.79 1 day Pre T 89 130 ' |10.2  0.35 1.5 =
17. 5.79 3 days Post T 95 94 52 - 0.8 3.4 -
21, 5.79 7 days Post T 95 116 52 1.4 2.4 =
4o 6.79 20 days Post T 120 92 . ]29.7 0.36 1.3 -
14« 6.79 1m Post T | 109 100 |73.8 0.65 4.4 XD

Cross-reaction results: The donors: (1) M.P.(daughter), (2) J.P.(daughter),
(3) M.P. (son), (4) C.P. (son).

1. 'The cross—reactions between the patient and the donors by RIA were
negative.

2. The cross-reactions between the patient and the donors by the delayed

technique are shown in Table 3.49.

Table 3.49 CROSS-REACTIONS BY IELAYED TECHNIQUE:

r2.| m.p. |5.p. M.p. | C.pl

1.7 | 2.05|3.5 [1.27|1.64 [alone
L.P.| 1.54 | 1.84 |1.85}2.16 fmixture
1.66 [ 2,06 11.61{ 1.68 [expected
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Results of treatment:

The patient showed no clinical improvement after the infusion and
his kidney function stayed the same, IgG in the circulating complexes

appeared by 3 days post infusion and then fell by 20 days.

Patient W.W. Case 20

This 56 year old male was admitted to U.C.H. on 22.5.1978 for renal
biopsy. Six months prior to admission he was discovered to have
hypertension, proteinuria, haematuria and renal failure. He was

treated with B-blockers and diuretics. On (8.6.79) the patient was

infused with 1 pint of plasma from his daushter (J.W.).

On examinations

He was slightly tired. RS and CVS were normal. BEP 195/105 mm Hg.

There was slight oedema of his left leg.

Investigations:

WEC 9.5 x 107/1, HBEC 4415 x 1072/, &b 11.9 /100 ml, urea 25 mmol/l,
plasma creatine 491 umol/l, total serum protein 68 g/l, albumin 39 g/1,
globulin 29 g/1, 1IgG 10.9 g/l, IgA 3.9 g/l, IeM 1.4 gfl, creatinine
clearance 15 ml/min, Australia antigen negative, ANF negative, INA
binding 10 units/ml (within normal limits), syphilis serology negative,
MSU sterile but contained moderate numbers of RBC. 24 Hour urine protein
excretion was 6.42 g, renal biopsy showed focal proliferative glomerulo-

nephritis. Other immunological investigations are shown in Table 3.50.



Table 3.50 COMPLEMENT AND IC

DATA EBEFOHE AND AFTER TRANSFUSION

PATIENT W.W. % normal PEG Precipitable (%)

date C3 ' CH50 Cla  IsG I IgA
4e 5.78 1y, 1m Pre T 97 122 14,3 0418  J.3 -
2. 4.79 2m, 6 days Pre T | 86 50 | 62.8 1.4 11 +
21, 5.79 17 days Pre T 101 120 0.81 4.5 =+
8. 6.79 1 hour Pre T 127 109 39 0.45 2.7 =
12. 6.79 4 days Post T 108 118 A7 0.26 0.5 +
14+ 6.79 6 days Post T 109 19 8 1.7 8.2 -
15. 6,79 7 days Post T 98 118 6.1 0.6 3.4+
18, 6.79 10 days Post T 105 60 5.9  0.85 1.7 +
21. 6.79 13 days Post T | 114 50 7.2 1.1 3.8 o+

Cross~-reaction results:

The donors: (1) V.W.(wife), (2) J.W.(daughter),

(3) P.W.(son).

a... The cross=reactions between the patient and the donors by RIA
are shown in Table 3,51.

Table 3,51 CROSS-REACTIONS BY RIA:

be

WWe | W,

W.W. -ve | 0.8

J.We 0s5 | =ve

VoW, -ve | 0.4

P.w. ~ve | =ve
JoFMo(nommal) | =ve | ND
A.S.(normal) -ve | ND

The cross-reactions between the patient and the donors by the delayed

technique are shown in Table 3.52.

Table 3.52 CROSS~REACTIONS BY IELAYED TECHNIQUE:

WOW. J .WQ

VW

P.M.

2.27 } 0.93
22
1499

1484
26,05
2,17

T4

2.5
2213

_ alone
mixture
expected
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Resﬁlts hof trea.hnént 2

The patient showed no clinical improvement after the infusion and
his kidney function stayed the same, e.g. the creatinine clearance
after the infusion was 15 ml/min and the plasma urea was 27.2 mmol/l.
Circulating immune complexes were found by 6 days post transfusion
but disappeared by 7 days, CH50 fell by 6 days post infusion but

recovered by 7 days to fall again later.

Patient J.G. | Case 21
This 50 year old lady had had chronic pericarditis for several years.

No v-iral studies were positive at any stage of her illness. She was

infused with one pint of plasma from her husband (R.G.) on 1.2.80.

Complement and immune complex data are shown in Table 3.53.

Table 3,53 COMPLEMENT AND IC DATA EBEFORE AND AFTER TRANSFUSION

PATIENT J.G. % nommal PEG Precipitable (%)

date - {c3 0 | cig IgG It TeA
18. 4.78 1y, 10mPre T |80 86 |59 = 0.52 6.8 =
13.12.79 1m, 18 days Pre T { 81 66 , | 66,5 053 9.7 -
1. 2.80 30! Pre T 87 86 | 17.9  0.26  3.96 -
1. 2.80 30! Post T 85 91 146  0.24  3.53 =
2. 2.80 1 day Post T 96 75 | 30.6  0.29  4.41 -
9. 2.80 8 days Post T 92 58 | 5043  0.67  5.48 -
28, 2.80 2T days Post T 11% 108 42 0.33 11.2 -
19. 3.80 1m, 18 days Post T{ 84 70 [ 12,1 0.33  2.35 -
6. 5.80 3m, 5 days Post T [101 58 | 12,1 0.33  0.35 +
20. 6.80 30' Pre inj, 91 55 ND 0,59 5.5 =
20. 6.80 2 hours Post inj. | 91 55 ND'  0.63 3,96 =
21, 6.80 1 day Post inj. | 78 60 ND 0.58  6.75 -~
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Cross-reaction results: The donors: (1) R.G.(husband), (2) D.G. and

E.G.(family members). The cross—reactions between the patient and the
donors by the delayed technique are shown in Table 3,54,

Table 3.54 CROSS~REACTIONS BY IELAYED TECHNIQUE:

JeGe | ReGe | DaGe | EaGo}

0,98 | 1.64]0.98 | 0.98f alone
JeGe | 1731 0.98 | 1,52} mixture

1.11 ] 0.98 O.98*expected

Ré sults of treatment

Two to three days after transfusion the patient felt worse but within
one week she claimed "to feel better than she had felt for a very long
time" and was in remission for four months. IgM complexes were detected
by 27 days post-transfusion and then disappeared by 48 days; CH50 levels
fell after transfusion (Fig.3.15). She developed a new mild attack of
chest pain in June 1980 which was treated with a single injection of
immunoglobulin on 20.6.80., This induced complete remission 10 days

later with no recurrence until March (the termination of our studies).

Patient S.He. ' Case 22

This 50 year old lady had had percarditis and cardiomyopathy for
several years. She was treated with immunosuppression and steroids
and on one occasion exacerbation of her symptoms was accompanied by
the presence of a.Coxsackie B=4 -neutra.lizing -antibody titre of 1/256.

The patient was infused with one unit of plasma from her husband (A.H.)

on 13.3.80. Complement and immune complex data are shown in Table 3.55.

159.



CHS0
% normal

Complexed
IgM
(% total)

160.

Patient JG
T
o | |
90
70
50 bk — — -

12 1

4

0 ' !/’ 2 2 4’1[ L N
Apr.78 Day 1 Day 20 Day 21
Dec.79 Feb.BO Mar.80 Jun.80
Fig 3.15

CH50 and complexed IgM before and after treatment



Table 3.55 COMPLEMENT AND IC

DATA BEFORE AND AFTER TRANSFUSION

PATIENT S.H. % noxmal PEG Precipitable (%)

date C3  CH50 clq IgG  IM Ieh

23. 3,78 2 years Pre T 88 99 5645 0,84 ND -
Te To78 1y, 8m Pre T 96 110 67 0.46 4.9 +
10. 8.78 1y, Tm Pre T 94 86 54,5  1.01 7.6 +
14. 9.78 1y, 6m Pre T 109 90 19 0.38 6.3 +
19.10.78 1y, 5m Pre T 96 100 | 79 0.71 2.1 =
8.12.78 1y, 3m Pre T 88 110 25.7 0.52 3.8 =

12. 3.79 1 year Pre T 109 113 100 2.1 5.7 +
23.10.79 4m, 20 days Pre T| 93 65 29 0.4 1.8 +
21, 1.80 1m, 22 days Pre T| 91 67 27.6  0.53  1.91 +
13. 3.80 30! Pre T 105 107 44 0.76  6.34 +
13, 3,80 30! Post T 97 102 31.6  0.52 5,09 =
14. 3.80 1 day Post T 107 102 30,1 0.4 5.14 +
20. 5.80 2m, 7 days Post T| 87 102 ND 0.76 4418 +

Crogs—-reaction results:

(family members).

The donors: (1) A.H.(husband), (2) N.H. & J.H.

The cross=reactions between the patient and the

donors by the delayed technique are shown in Table 3.56.

Table 3,56 CROSS=-REACTIONS BY DELAYED TECHNIQUE

S.H. | AHe

N.H.

J.H.

007 ‘ 005
S.H. | 1.5
| 0.66

1e52

173
0.865

1.15 | alone
nixture
.79 lexpected

Results of treatments:

There was no clinical benefit from the treatment. She lost her IgG

and ITgM complexes immediately after the infusion, but IgG complexes

appeared by the tenth week (Fig.3.16).

161.



Patient SH
1.8
1.5
Complexed
lgG 1.2
(% total)
0.9
ULN
06 r
0.3
7 F 1
6 } i
ULN feeceedocleccocogesccecaceccncan cevesaes tecestsscssssssenassaresacine .o
5 L
Complexed
IgM 4 F
(% total)
3 o
2 k
1 g I‘II'II 2 3
1978 1979 1980 Day 13
Mar.78 Mar.80 Apr.80 May.80

Fig 3.16
Circulating complexes before and after treatment

162.



163,

Patient M.S. Case 25

This 35 year old lady had had chronic pericarditis since 1976.

She was treated with intramuscular injections of immunoglobulin on

two occasions (on 19.,6.80 and 13.2.81). Complement and immune complex

data are shown in Table 3.57.

Table 3,57 - COMPLEMENT AND IC DATA EEFORE AND AFTER GAMMA GLOBULIN

INJECTION.
PATIENT M.S. " | % normal PEG Precipitable (%)

date c3 cE50 | Cig IgC Ig1 TeA
30.12.76 3y, 6m Pre inj. 88 79 9.2 0.19 N§ND =
4. 2.77 3y, 5m Pre inj. 1 |96 TS 9 0.09 ND +
7. 3.78 2y, %m Pre inj. 1 |89 91 104 0.1 ND -
2. 2,79 1y, 5m Pre inj. 1 |88 76 | 19 0.78 M  +
11. 2.80 4m, 8 days Pre inj.1|108 76 66.4 0.54 4.5 -
19, 6,80 1 hour Pre inj. 1 |95: 64 ND ND  5.91 +
19. 6,80 3 hours Post inj.1 [102 66 ND 074 5.1 =+
20, 6.80 1 day Post inj. 1 81 5 ND 0.65 4.34 +
27. 6.80 8 days Post inj. 1 |94 84 ND 0,72 5.5 =
3, 7.80 14 days Post inj.1 |91 76 ND 0.65 6415 +
18. 7.80 29 days Post inj.1 |92 108 ND 0.75 £.86 =+
12, 2.81 1 day Pre inj. 2 9% 10 | 53 0.59 5.9 £
14. 2.81 1 day Post inj. 2 |96 90 58 0.41 3.6 =
23, 2.81 10 days Post inj.2 |95 17 60 0.42 6.53 +
2. 3.81 19 days Post inj.2 (101 116 45 0.34 6,85 +

Results of ktrea‘hnent

Ten days after injection (19.6.80) the patient felt better and went
into complete remission foré.Smonths. CH50 rose by 8 days post injection.
IgG complexes remained high and she lost her IgM complexes for 14 days
(Fige 3.17). The patient was treated ﬁth another injection of immuno-

globulin (on 13.2.81) which induced new remission
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Patient J.W. ‘ Case 24

THis 46 year old lady had had chronic pericarditis since 1978.

This was characterized by episodes of chest pain. The patient was

infused with 1 unit of plasma from her husbtand (G.W.)(on 23.5.80).

Complement and immune complex data are shown in Table 3.58.

Table 3,58 COMPLEMENT AND IC DATA EEFORE AND AFTER TRANSFUSION

PATIENT J.W. % normal PEG Precipitable (%)

date C3 CESO | Clg  IgG I Tea

6. 7.79 10m, 17 days Pre T 95 81 | 66,7  0.57 Ta5  +

13, 8.79 9m, 10 days Pre T| 100 94 | 23.2  0.35 _8.21 -
23.11.79 6 months Pre T 106 112 | 96.9  1.06 10.2 -
8, 2.80 3m, 15 days Pre T| 125 106 | 58. 0.4 498  +

12, 3.80 2m, 11 days Pre T| 108 104 7.7 0.26 0 -
22, 5.80 1 day Pre T 100 76 | ND  0.27 1.4 -
23, 5.80 30! Pre T M1 76| wm o 2.66 -
23, 5.80 30! Post T 101 78 { WD 0.27  2.34 -
24, 5.80 1 day Post T 107 84 | mD 0.17  2.34 =
29, 5.80 6 days Post T 107 108 ND 0.33  2.93 =
12. 6,80 18 days Post T 92 75 { W 0.49  6.44 -
19. 6.80 25 days Post T 111 90 ND 0.87 . 8.50 =
25, 6.80 1m, 1 day Post T 81 84 ND 0.3 446 =
2T7. 6.80 1m, 3 days Post T| 107 90 ND 0.62  6.64 +
11. 8,80 2m, 18 days Post M 94 80 57 0.34 7.8 =
28, 8.80 3m, 5 days Post T| 100 75 | 36.1  0.39  3.80 =
12. 1481 Tm, 19 days Post T 117 120 | 38 0.37 739 =

Cross=-reaction results: The donor: G;W. (husband). The cross-reaction

between the patient and the donor by the delayed technique is shown in
Table 3,59,

Table 3.59 CROSS~REACTION BY IELAYED TECHNIQUE

J .W. G.W. mixture jexpected
1511 2.5 159 Te7
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Reéults-of treatment

The patient was treated with one pint of plasma. She was in complete
remission a few days after the infusion, and at the time of writing,
9 months later she had not relapsed. CH50 rose after infusion. IgG
in circulating complexes appeared by.25 days post infusion but then
disappeared. IgM complexes were detected by 18 days a.rid then disappeared

by 1 month (Fig. 3.18).
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List of tables and figures summarizing. types of treatment and results
obtained

Table 3.60 shows the results and type of treatment in all patients

Table 3.61

(mord'hfs
of timq(spent in remission d& 21 patients before and after
treatment (plasma and/or gamma globulin). For details of the type

of treatment see Table 3,60,

hows the maximum length of remission and the fraction

Fig. 3.19 shows the maximum length of remission (months) before and
after treatment.

Fig. 3420 shows the fractional period of remission (months in remission/

total months of disease) before and after treatment.

N.B. The cross~reactions in Tables 3.9, 3.12, 3.14, 3.16, 3.32,
3.38, 3-41, 3054, 3.56 and 3.59 were d0>ne by Mrs. D. Zewdie.



Table 3.60 RESULTS AND TYPES OF TREATMENT IN ALL PATIENTS
. . . Remission
Patient | Circulating complexes | Type of treatment (mon+ths)
SeGe IgG, IaM P™ 2
P2 2
G1 2475
G2 0.75
T.H. IagM PF 675
&1 2.25
G2 3
MQO. IgG, Ig"[ PF 9025
J.S. Clg, I&M FFP 0
F.A. Clg, I&G 6PP gpppg 2
3PP ( FFP 2.5
6PP (TFFP) 2
F.M. Clq, I&G, IaM B 11.25
IzA PM 245
PF?2 0
WM. C1q, IgG 5PP éPPFg 1
4PP (FFP 3
F.B. Clq, IgG PR 0
I.J. Clq, IgG, IgM FFP 10
R.J. C1q, IgG" Im, IgA PF 0
F.L. Clq, IgG, IgA PF 0
R.M. Clq, IgG,IgM, IgA P 0
Pr2 0
PF3 0
F.P. IgG‘, IgA- Pm 0.5
P2 3
PF3 0
K.R. Clg, IgG, IagM P™M 645
PF2 16
H.Z. ND PF 0.25
D.B. Cla, IgG, IaM P 0
K.Ge Clg, IgG PF Q
S.AJH. | IgG, ITaM PT 0
L.P. Cl1g, IsG PF 0
WWe Cla, IgG, IgM, IgA PR 0
J G Clq, Ia1 PF 4
G 8
SeH. Clq, IgG, IgM, IgA PF 0
M.S. Clgq, IgG, IaM, IgA G1 65
' G2 0.3
JWe Clg, IgG, IaM, IgA PF 9

Fhom BT
N.B. = PF = Plasma Family; G = Gamma glotulin; TFP = Fresh
PP = Plasma Pheresiss

Frozen Plasmaj
Protein Fractions:

PPF = Plasma

B = Hlood; ND = Not Done.
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Table 3.61 MAXTMUM LENGTE AND FRACTIONAL PERTOD OF REMISSION BEFORE
AND AFTER TREATMENT.
| l ,
Patient | Db Da Ab Ra Max.Rb| Max.32, 3 kY
| | | :
2.5 2 2 . 0.769
3413 2.75 2.75 0.3878
1 0.75 0.75 0.75
T.H. 28 { 7.141 0 | 6.75 | © 5.751 O 0.945
2.8 2,25 2.25 0.803
3.26 3 3 i 0.92
M.0. 18 | 10 12 | 9.25 | 2 9.25 . 0.666 | 0.925
I.s. 84 | 4 65 | 0 3 0 10.75 | 0
M. 1 |14.3 0 {11.25 | © 11.25;, 0 | 0.786
337 2.5 2.5 -1 0.741
4 0 0 0
F.B. 60 | 4 0 0 o) 0 0 0
I.J. 37 | 14 o | 10 0 10 0 0.714
ReJ. 139 | 4 0 0 0 0 0 0
P.L. 144 | 4 0 0 0 0 0 0
R.M. 104 | 1.86 | 6 0 1 0 |0.057 | ©
0.76 0 0 0
4 0 0 0
F.P. 55 | 0.6 2 | 0.5 2 0.5 | 0.036 | 0.833
9ot 3 3 0.329
2 0 0 0
K.R. 105 | 7 0 | 6.5 0 6.5 0 0.928
16423 16 . 16 0.985
D.3. 111 4 0 0 0 0 0 0
KaGe 491 4 o 0 0 0 0 0
S.AH. | 23| 4 0 0 0 0 0 0
L.P. 391 4 0 0 0 0 0 0
Wl 191 4 0 0 0 0 o o
J oG 76| 4.63 | nd 4 2 4 nd 0.863
83T 38 38 0.955
S.H. 98| 4 0 0o 0 0 0 0
M.Sa 50 7.8 | nd | 6.5 6,5 | nd  10.333
1 0.3 0.3 0.3
T 23] 9.261 3.5 9 2 | 9 Jo.a52 {0,972
¥.B.. - Db = length of disease before treatment (months)
Da. = length of disease after treatment (months)
Bb = Remission before treatment (months)
Ra = Remission affer treatment (months)

Mex.Rb = Maximum Rb
Max.Rb = Maximum Ra
B = fraction of Rb
A = fraction of Ra

nd = No Date
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Composition of Immune Complexes in Infectious Diseases

The most important observation from the immune complex analysis
data is the large number of IgM complexes with few IgG complexes in
sera from patients with chronic pericarditis (which is possibly due
to viral infection)s. These striking changes may reflect the immune
competence of these patients. I shall discuss below the possible
causes of the large number of IgM containing complexes and their
subsequent effects on these patients, This reveals a possible reason

for the disease chronicity.

1. Defect in IaM-TgG switch mechanism and antibody affinitys

IgM is the earliest antibody response to a primary immune stimulus,
followed after a short interval by IgG antibody which is usually foxrmed
as the secondary response to an antigen stimulus (ven Oss, 1979). The
maturation of an immune response towards an antigenic stnuhz:ZY::rachieve
successful elimination of this antigen, seems to require a change in
both the antibody class and affinity. It is known that IgG antibody
which is produced in response to viral infection continues to be synthesised
for many years and confers protection against viral infection for life,
while the IgM titre declines within weeks of viral infection (Femmer and
White, 19763 Schmidt et al, 1968; Bellanti, 1978). This switch mechanism
usually requires helper T cells to be Ere&eyﬁL and the defect in this
mechanism may be due to a defect in helper T cells which co—operate with
B cells in antibody formation (usually IgG élass) (Paul and Benacerraf,1977).
Thus,a deficit in T cells may impair the IgM-TgG switch mechanism and the
production of memory cells. These cellgz;;oduced during the primary
exposure to an antigen and the secondary response depends on their

existence (Herscowitz, 1978). Therefore repeated antigenic challenges

with the same orléifferent antigen would stimulate a primary response
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(TaM antibody), with subsequent incomplete clearance of the antigen.
Soothill and Steward (1971) suggested that a failure to produce
high affinity antibody to an aﬁtigen may be due to a defect in macrophages
or helper-cells processing an antigen, and might predispose to the
development of immune complex disease (the effects of high affinity
antibodies on the patients are discussed later). Thus, the failure to
produce a proper antibody might be accompanied by incomplete elimination
of infection, allowing long lasting antigen production; which might

lead to chronic disease or chronic carrier.

2. T-independent antigeng:

Certain antigens, e.g. pneumococcus polysaccharides, endotoxin orx
polyvinyl pyrrolidine, are able to react with antibody on the surface
of a B cell and stimulate it independently of T~cell help. Such an
antibody is usually of IgM class (Paul and Benacerraf, 1977; Roitt, 1980)
If is possible that the antigens present in the circulating immune complex
(IgM-antigen) of the sera from the studied pa‘biéhts are of T-independent
typee. But if some people produce IgG and others IgM, then the antigen
is not T=independent in all people. Thus it would appear more likely

to be different in the patients rather than the antigen.

3. BEarly presentations

It is possible that some patients present themselves for investigation
during the primary immune response and before the normal IgM-IgG switch
mechanism, which usually occurs about two weeks after the initiation of the

immune response (Herscowitz, 1978).

4. Non=neutralizing antibodiess

Viruses can persist and multiply in macrophages and lymphocytes for
many years. These viruses can stimulate the production of non-neutralizing
antibodies (perhaps of IgM class?). The produced antibodies may combine

with viral antigens to form immune complexes, wvhich may (a) block immune
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cytolysis of virus-infected cells by T lymphocytes or complement-fixing
antibodies and, (b) produce "immune complex disease" (Fenner and White,

1976).

5« Presence of more than one antigens

Tied in with the previous point is the possibility that the presence
of multiple antigens with different immunogenicities may induce continuous
production of two types of antibodﬂ, . €efe IM and IgGe If IgM=-antigen
complex is formed it may block the production and the function of other
immunoglobulins, e.8. I2G. This early low affinity antibody might
cover the virus and protect it from the neutralising effect of high affinity.
In time, however, the high affinity antibody should attach itself by

displacing the low affinity antibody.

6, Immunodepression by virus:

Viral infection can impair immunological host responsiveness (Turk,
1978). It has been shown that mice infected with coxsackie virus
developed reduced humoral and cellular immune responses to simultaneous
infection with poliovirus (Bendiﬁelli et al, 1975). The investigators

however did not characterize the class of antiboedy produced.

7. Genetic (HLA system):

The association between HLA and susceptibility to certain disease,
eege HLA B27 and ankylosing spondylitis (Brewerton et al, 1973) has
been a matter of extensive investigation in recent years. A possible
explanation for this association is that HLA antigen may play a
receptor role for a virus which can induce a certain disease (Morris,
1979). A second explanation is that the hosts sharing antigens with
infecting organisms may produce a poor immune response and a weak antibody
in the early phase of the disease, perhaps of IgM class, with some

antiself-activity (Young et al, 1978). This concept might explain the
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chronicity due to a persistent low antibody response or the autoantibody

and its effect (Morris, 1979; Silver et al, 1972).

8. Tolerance:

Chronic viral infections in experimental animals may be associated
with a poor antibody response and persistent:tolerant infection especially
in neonatal or congenitally infected animals with virus, e.g.
lymphochoriomeningitis virus (LCM)(Hotchin and Collins, 1964; Fenner and
White, 1976). Notkins et al (1966) have shown persistent infectious
circulating immune complexin the blood of mice chronically infected with
LTH virus. This may be due to production of poorly neutralizing antibody.
Such tolerance seems to parallel the carriage of human serum hepatitis,
where persistence of infection in asymptomatic Australia antigenaemia is

found without an antibody response (Femner and White, 1976).

9. Antigenic variation:

I have mentioned previously that parasites can change their antigenic
structure during infection and hence escape from the effective host immune
YesSponse. Can viruses do the same? Antigenic variation in influenza
virus is common, and responsible for new influenza pandemics, but if
it happens in an individual, an antibody to the new antigen would be
released (Jawetz et al, 1978). It, therefore, does not seem an

important point.

10. TImmunosuppressive treatment:

It has been shown experimentally that mice develop fatal infections
with Coxsackie B=3 virus when they have been treated with an immunosuppressive
agent (cyclophosphamide)(Rager-Zisman and Alison, 1973). This treatment
allowed transient IgM production but inhibited IgG production in those
mice. A number of the patients in these studies were treated with

immunosuppressive agents during the course of their illness, but it is
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not possible to assess from our records if this treatment affected their

immune response, although the disease has always preceded the immuno-

suppressive treatment. There is no clear evidence however that all
patients with IgM complexes were treated with immunosuppressive agents.

Two othei‘ observations arise from the immune complex assay datas

1e¢ The increase in the amount of "IgA-only" containing complexes in
pericarditis sera rather_than m other I;athological sera. This
occurs when the infection is through the mucous surface, but may
also occur for some other unknown reason.

2. The amount of C1q in pericarditis complexes is less than in other
pathologica.l sera. One possible reason for this is tmt the antibodies
involved are non-complement fixing. It should be remembered however
that pericarditis is not an immune complex disease.

These points might explain the pathogenesis of certain chronic diseases

especially those due to infection, and may suggest that viral infection

plays a role in these diseases. It seems that it is important to bear
in mind the facts which arose from the experimental work that the class
and aff:’_nity‘ of antibodies are of a great importance for complete and

adequate elimination of infection (Rager-Zisman and Allison, 1973;

AMlpers et al, 1972). These facts might help us to find more effective

treatments of certain diseases which are immunclogically mediated.



Crogs-Reaction by Radioimmunoassay

T have mentioned that the aim of this assay was to provide further

evidence of the presence of mutual causal agent(s) in a group of patients

with similar disease by studying the antigenic cross—reactions between
their circulating immune complexes. It has enabled us to study sera
from several diseases in which there are circulating immune complexes.

It was also used to study the cross reaction between the donor's serum

and the patient's immune complex in an attempt to choose a proper donor

and to see if it was possible to predict which donor's plasma would
cause remission. It was apparent from the cross~reaction results in
certain disease groups, e.g. dermatomyositis (no cross-reaction),

SLE (36% total + ve reactions), Tb (16.2% total + ve reactions),
pericarditis (8.7% total + ve reactions), that cross=reactions either
did not occur at all or only to a small degree by this assay, as one
might expect to find more positive reactions than we found. Tn
comparison with other disease groups the number of positive cross—
reactions were very low, ee.ge.hypertension/haematuria (90.6% total +
ve reactions). T shall discuss the possible reasons for this low
number of positive reactions:

1o Acid dissociation of antigen—antibody complex:

In our radioimmuncassay, antigen-antibody complex solutions were
dissociated in glycine-HCl solution pH 3.7. This pH tends to make
all protein components in the solution positively charged which causes
the antigen=-antibody complexes to loose their abilityftO' attract - -
each other (van Oss and Grossberg, 1979). The acid dissociation may
affect IgM complexes since it has been found that IgM complexes are
acid labile and they could be destroyed under acid conditions (Mowbray

and Abdalla unpublished data). Another possible disadvantage of this

179
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procedure is that acid dissociation may affect acid labile antigen(s)
in the solution. However the use of higher pH for the dissociation
of immune complexes may overcome this for certain acid labile antigens

but this may reduce the dissociation efficiency (Dambuyant et al, 1979).

2. The iodination procedures:

Immune complexes in our assay were labelled using the chloramine T
method (Dambuyant et al, 1979) a modification of Hunter's methods (1973)
by which iodine reacts with tyrosine residues of the protein molecule.
This method can cause certain damage to the protein, €48 radiation
damage or chemical damage (Hunter, 1973) which may change the antigen

and antibody reactivity and decrease the number of positive reactionse.

3, Antigen/antibody ratio:

It has been shown by this technique that a higher binding of radiocactive
material was noted with soluble complexes obtained in antigen excess and 4
lower reactivity of solublevcomplexes obtained in antibody excess
(Dembuyant et al, 1979). This may cause negative binding results,

in antibody excess conditions.

4. PREG precipitation:

I shall talk briefly about the PEG and its effect on immune complexes,
Immune complexes in sera used in the radioimmunocassay were precipitated
with polyethylene glycol (PEG). PEG is a polysaccharide (polymer)
which in solution can precipitate serum proteins according to their
molecular weight and proportional to the concentration of PEG (Zubler
et al, 19773 Digeon et al, 1977). Therefore at low concentrations of
PEG high molecular weight proteins and immune complexes are precipitated.
Other factars which affect the IC precipitation are the pH (Riha et al,

1979) and the temperature of the solution (Digeon et al, 1977).
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The exact mechanism of PEG precipitation of immune complexes at
this low concentration is unknown, but it is possible that the
protein-polymer combination may mask the surface properties which
govern protein solubility (Harrington et al, 1971).

From the previous observations about the cross~reactions by
radioimmunoassay it is important to emphasize that negative results
do not necessarily mean that cross-reactions do not occur, ox that
there is no common causal agent in these diseaseé.

This study may help in the future to identify the antigens which axe
responsible for the immune complex disease and their elimination by

proper therapy.
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Rheumatoid Factor Binding Assay

The aim of?;heumatoid factor binding assay was to study the ability
of the donor's antibodies tc react with the patient's circulatory
complexes by measuring the ability of this mixture (donor/patient
sera) to bind the rheumatoid factor px’épa.ra.tion which was labelled
with 125Iodj.ne. This was done in an attempt to choose a proper donor
for plasma :Lnfusioﬁ' (similar in principle to the other cross reaction
methods between the patient and the donor which was mentioned earlier
in this chapter). It was obvious from the cross-reaction results by

this assay that the binding values of 125

I-RF to complexes were low
and this assay was not a successful cross-reaction assay.
Summarized below are a number of reasons as to why this may not

be a good procedure:

1« Todination procedure: (dis'cussed previously)

Todine can cause certain damage to the protein molecule.

2. . Interference factors:

Intrinsic rheumatoid féctor and complement complicate the results
and may give false positive results (Thompson, 1978). Other colleagues
started to standardize the method and tried to overcome some of the
"above problems, for examples
a) Pre-assay heat inactivation of C1g by 56°C incubation for

30 minutes of the tested sera.

b) Adding nomal horse serum to the tested sera in an attempt to -
block the intrinsic rheumatoid factor.
These changes did not increase the percentage bound and the assay in
general did not improve. These low values might be explained by the
fact that the rheuma,toid factor used may have had a low activity for
some other reason, . in-particular, IgG RF is possibly not a good

detector of multiple F¢ 'i’vi‘f‘eﬁaci‘ions. Perhaps it would have been better
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to use a monoclonal IgM RF (Barratt and Naish, 1979). The increased
affinity of RF for complexes is dependent on the multiple bonds to Fd‘fagibns
of a complex. Comparing IgM RPF with IgG RF it is obvious that IgM RF

is potentially more capable of distinguishing circulating complexes than

I8G RF, due to the multivalency of the former.
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The BEffects 6f Treatment in the Patients Studied

The group of patients studied was initially as wide as possible
and before I discuss the effects of treatment (plasma and/or gamma
globulin) I shall discuss briefly the nature of the diseases of the
patients who were treated. These diseases can be divided into two
groups;

J. TImmune complex diseé.ses:

In this group, the diseases are usually associated with the
deposition of immune complex either generally or locally. Examples
of generalized diseases in our series are systemic lupus erythematosus,
rtheumatoid arthritis, glomerulonephritis and polyarteritis nodosa (possidly).

The role of immune complexes in some of these diseases has been
discussed previously.

Ay\ 3xample of localized disease in our series is erythema multiforme.

Erythema multifomme is an acute inflammatory skin disorder. It
usually begins as a widespread erythematous skin lesion (reddening of
the skin), and involves the forearms, hands, and legs. This may go
on to bulla fonna.tion (Rees, 1980). It may be associated with virus
infection, e.g. herpes simplex virus (Shelley, 1967), drug eruptions
or is of unknown origin (Rees, 1980). In three of our four patients
with erythema multiforme, herpes simplex preceded the acute attacks of
exrythematous rashes.

The aetiologic agent(s) remains unknown or eliisive in the majority
of immune complex diseases but the following observations may suggest
that infection may play a role in some immune complex diseases, e.g.

SLE and PAN.
1. Beaucher et al (1977 ) reported that in families with related patients

with SIE,. dogs with SLE were also found.
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2. The presence of C-type viral antigen-antibody complexes in kidneys
of patients with lupus nephropathy (Panem et al, 1978).
3. The presence of Australia antigen in sera of patients with PAN

(Trepo et al, 1974).

II. Non-immune complex diseases: e.g8. pericarditis

Pericarditisis an inflammation of the pericardium and may occur
as a primary disorder which is probably due to viral infection, mainly
(bxsackie virug, or as a part of general disease, e.g. tuberculosis and
rheumatic fever (Julian and Matthews, 1977). It can present acutely
with subsequent recovery or chronically with remissions and relapses,
Recurrence may be due to autoimmune or other mechanisms (Sokolow, 1980).

I have mentio_ned in the first part of the discussion some possibilities
which can be. used to explain different aspects of the chronicitiy of this
disease. Thé ‘Jj:alewof immune complexes inthis disease is uncertain and
the presence of circulating immune complexes is probably due to the
patient's normal response and does not necessarily indicate a causal
relationship. Our laboratory data show that about 68% of sera fi'om
patients with pericarditis contains circulating immune complexes.

We have treated patients with percarditis and myocarditis which are
probably due to viral infection.

Twenty-one of the’ patients studied were treated initially with plasma
infusion, either fresh frozen plasma or plasma from their close relatives
(including spouse) and one patient (M.S.) was treated only with intramuscular

injections of immunoglobulin.
The possible effects of plasma infusion followed by intramuscular

injections of gamma globulin in some patients are discussed.
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The possiblé uges and effects of plasma infusion:

1. Plasma as a source of antibodies:

a, High affinity antibodies,

be Protective antibodies to infectious antigens.
¢ce Changing . immunoglobulin class.

d. Prophylactic use.

2. Replacement of complement components.
3;' Removal of immune complexes.

4o Inhibition or removal of the inflammatory mediators.

f. Piaéma as a source of antibodies

a. High affinity antibodies

It is believed in this concept that the addition of immune serum
containing high affinity antibodies may help to c¢lear antigen more
efficiently and protect against certain diseases. This belief arises
from the following observations:

Soothill and Steward (1971) have shown that mice prone to glomerulonephritis
from neonatal infection with lymphatic choriomeningitis virus, produce low
affinity antibody in response to immunisation with human serum albumin
or transferrin, while the nephritis-resistant strains produce higher
concentration of antibody of higher affinity. Alpers et al (1972)
reported that the rateof elimination of antigens in different strains of
mice is attributed to the affinity of the antibody they produce, and
those mice that fom high affinity antibody are more capable of eliminating
antigen than those producing low affinity antibody. Pincus et al (1968)
reported that rabbits which produce non-precipitating antibody in response
to repeated injections of bovine serum albumin showed an increased
1liability to develop chronic nephritis.

It is likely that the remission observed in our patients after plasma
infusion, from near relatives (including spouse) in the majority of

cases or fresh frozen plasma in a few cases, was due to the addition of
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immune serum containing specific antibody probably with high affinity.

I have mentioned that viral infection may play a role in the pathogenesis
of the diseases of the patients whom we treated. If such is the situation,
then this makes environmental infections a possible aetiology in many
of our patients. It is likely that the unaffected members of the family
(usually the donors) may handle the infection differently from the patient
and may produce high affinity antibody to the same agent to which the
patient may be unable to produce an effective antibody response. Therefore
the remission which had resulted in some of those patients might be due
to this type of antibody which was found in the infused plasma. And
it is 1ikely‘that those donors who are exposed to infection could be
used as a source of highly effective antibody. Also this type of effectire
antibody might be found in gamma globulin  prepared from pooled human
serum.

This concept was supported by an important observation in some of
our patients, e.gs K.R. and F.P., as after effective infusion the
patient's serum produced IgG complexes, Thig leads to the proposition
that those patients may be unable to make IgG antibody to the agent to
which the donors can. Delire and Masson (1977) successfully treated
with gamma globulin children with recurrent upper RT infections of
unknown aetiology. Circulating immune complexes were detected in 30 out
of their 39 patients. Our findings and those of Delire and Masson (1977)
make it likely that some patients, with immune complex disease ox
recurrent infections, have a deficiency of a specific antibody, and
transfusion or injection of this antibody may result in long term remission
possibly because more effective handling of the infectious agent may occur.

be Protective anfibddies to infectious antigens

Antibodies to any antigenic determinant of an infectious agent do
not always confer immunity. TFor example, neutralization of viral

infectivity is due mainly to antibodies against the surface antigens of
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the virus, while antibodies directed against the intemmal component of
the virus do not neutralize viral activity (Fenner and White, 1976).
In orthomyxoviral infection resistance to initiation of infection is
related to antibodies to the haemagglutinin portion of the virus. The
non-neutralizing antibodies may combine with viral antigens and form
immune complexes which may result in immune complex diseases (Fenner
and White, 19763 Jawetz et al, 1978). Webster and Laver (1967)
reported that antibody directed to a surface antigen, the haemagglutinin,
of an influenza virus neutralized haemagglutinin activity and infectivity
while antibody against neu;aminidase did not inhibit haemagglutinin
activity of the virus. The previous observations may suggest that a
specific deficiency of antibody to the surface viral antigen in the patient
would allow the virus infection to be & persistent source of antigens to
produce immune complex disease. It is possible that the addition of a
neutralizing antibody to the surface antigen might clear the infection
and allow the elimination of the source of the antigen with accompanying
remigsion of the disease. And as has been mentioned in the previous
Paragraph a suitable source of this type of antibody might be found in
the plasma of people who are exposed to the same agent in the same
environment, oxr possibly, if the agent is common in the population,
in some other sources such as immunoglobulins prepared from pooled human
serum.
ce Changing immunoglobulin clags
i. IgM to‘Iggz
By plasma infusion we may replace IgM by IgG. This may lead

to more effective handling of infection, since IgG provides a_mechanism
for killer or K=cell cytotoxicity. These killer cells have cytotoxic
activity with target cells, including virus-infected cells coated with
specific IgG antibody in an antibody dependent cellular cytotoxic reactién

(Bellanti, 1978; MacLemnan and Harding, 1974).



ii. IgE to IgG:

As. mentioned, the - IgB molecule plays an important role in
immediate hypersensitivity reactions. The interaction of an antigen
with IgR molecules on the surface of the mast cell or basophil triggers
the release of vasoactive amines. These substances could be important
in the localization of immune complexes (Roitt, 1980). In this concept
it is presumed that if IgG antibodies are injected into the body they
can combine with antigen and prevent it from reacting with IgE molecules.
This may inhibit the production of vasocactive amines from mast cells and
prevent the localization of immune complex (WHO Scientific Group, 1976).
This type of therapy (giving IgG to compete with the antigen and prevent
the reaction with IgE) has been successfully used in the treatment of
allergic individuals (Thompson, 1978). However the role of this |
phenomenon in our treatment is unknown.

d. Prophyladtic use

It is possible to use plasma and/or gamma globulin injection to
prevent recurrent infection and subsequent disease (Miller, 1973). To
achieve this the infusion needs to be perfommed at intervals. In some
of our patients effective plasma infusion was followed by intramuscular
injection of gamma globulin either to induce a new remission or to protect
the patient from a severe attack of the disease, as in patients T;Ef.
and S.;(}..

There are several advantage of plasmz infusion over intramuscular
injections of immunoglobulins:

i. Antibodies of all immunoglobulin classes (IgG, I&M, IgA, IgE,
IgD) can be supplied in a large amounts by plasma infusion (Buckley, 1977)<

ii. Plasma infusion provides higher serum immunoglobulin
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concentrations than intramuscular immunoglobulin injections (Buckley,1977),

for example, each 100 ml of plasma contains 1 g of IgGe

iii. Intravenous plasma infusions are less painful than intramuscular

injections of immunoglobulins (Buckley, 1977).
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It is important to remember, however, the difficulties in comparing
the effects of these two treatments in our patients because by plasma

infusion we give multiple agents.

Some othef ‘uses of immunoglobulin:

There are other specific indications for the clinical uses of immunoglobulin:

i. Primary immunodeficiency states

In primary hypogammaglobulinaemia, e.g. Bruton's disease, immunoglobulin
therapy seems to be highly effective (Janeway and Rosen, 1966; Bruton, 1952).

ii. Secondary hypogammaglobulinaemia

Tmmunoglobtulin levels decrease secondary to certain primary disorders
e.gs severe protein loss, chronic lymphatic leukaemia or myeloma (Roitt,
1980; Hayward, 1977). Immunoglobulin therapy is indicated in secondary
hypoglobulinaemia when IgG levels are low (less then 2 grams/litre)(Miller,
1973). However as soon as the basic disorders are corrected this therapy
can be stopped;

iii. Prophylaxis -of viral and 'bacterié.l diseases

There are a number of indications for iumunogldbu;in therapy to prevent
the occurrence of several infectious diseases, e.g8. measles, hepatitis 4,
poliomyelitis, chicken pox, Lassa. fever, tetanus, pertussis and
complications of mumps (hyperimmune gamma globulin is required in the
last four conditions)(Janeway and Rosen, 1966; Kabat, 1963; Fenner and
White, 1976). This is because suitable gamma globulin which may lead to
more effective handling of these infrequent infections is usually found
in the serum of hyperimmune persons.

2 Replacemént of complemén'b compoﬁents

I have described previously  the fact that the complement system is a group of
serum proteins which plays an important role in the host's defence against

infections. They may be activated in two ways, the classical pathway

and the alternative pathway.
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The most important purposes of complement investigations axe,
firstly, that the detection of complemént cémponents may be useful
to monitor the resulis of treatment. Thus returm of the complement
values to normal levels during treatment in certain diseases, e.g.

SLE could be used as an indicator of remission (Mowbray, 1977).

Secondly, the detection of compleinerit compohents may be useful to
determine the course of the disease, e.g. persistent hypocomplementaemia
in patients with acute post=streptococcal glomerulonephritis may indicate
rapidly progressive disease (Baldwin, 1977).

In recent years increasing attention has been directed towards
congenital deficiencies affecting the complement system. It has been
found that inherited defects of complement components may predispose
to immune complex disease. The role of complemen-ts éﬁficiencies 1n
disease has been discussed by many investigators. Ilvev'iéw briefly
some of the literature concerning this.matter. »

Friend et al (1975) reported a patient with C2 deficiency with chronic
vasculitis and a history suggesting increased liability to infectione
Day et al (1973) reported systemic lupus erythematosus and membranous
glomerulonephritis in a patient with congenital C2 deficiency. Alper
et al (1972) reported homozygous deficiency of C3 in a patient with
repeated infections. Systemic lupus erythematosusi~-like disease and
glomerulonephritis have been observed in a patient with Clr deficiency
(Dey et al, 1972). Peters et al (1.973) suggested that the presence of
hypocomplementaemia in mesangiocapillary glomerulonephritis, due to C3
activation, may result in immune complex nephritis. by predisposing ‘the
patient to recurrent infection. These observations led to the suggestion
that those patients with complement deficiency haveir;.bnomality of the

immune responses resulting in immune complex disease (Peters and Lachmann,

1974).
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Since it is known that complement components are provided by plasma
infusion one might ask whether the remission in some of our patients was
due to complement replacement and whether their improvement was due to
restoration of the depleted serum complement components in them. The
answer is not very clear as we do not have evidence of congenital or
acquired complement deficiency in our patients, except for those with
systemic lupus erythematosus. Two of them (F.A. and W.M.) were treated
with plasmapheresis, and the only longstanding improvement occurred
when the patients' plasma were replaced with fresh frozen plasma rather
than the albumin éontaining plasma protein fraction (PPF)(Moran et al,
1977). This may suggest that the improvement in those two patients
might be due to complement replacement. Other patients in our series
went into a long=tem remission after infusion, lasting for months,
making it unlikely that the improvement was .due to complement replacement
in them, the half-life of complement compbnénts being measured in hours,
not months (Ruddy et al, 1972).

3., ﬁemova:l'of immune complexes

Immune complexes are formed when antigens interact with their
corresponding a.n‘bibodies. The formmation of immune complexes is a
component of normal immune response§. ‘I‘héy are usually removed from
the circulation by phagocytosis. When immune complexes are deposited
in the tissue they may cause immune complex disease (Carter, 1973; WHO
Scientific Group, 19763 Kohlexr, 1973).

It has been reported that circulating immune complexes are correlated
with the clinical disease act;‘.vity in a group of patients with immune
complex diseases, for example systemic lupus erythematosus infective
endocarditis, and Henoch—Schgnlein purpura. Sustained reduction in
their circulating complexes after treatment may be associated with
clinical improvement (Levinsky et al, 1977; Pussell et al, 19783

Mowbray and Burton, 1976). This suggests that the improvement in the



patients with the above diseases might be due to the removal of the
immune complex or its source.

There is good evidence that plasmapheresis can produce successful
results in some patients with immune complex diseases. This may be
due to the removal of these complexes or of antigens or antibodies or
to the addition of high affinity antibody or to some other reasons
(Pinchinig, 1980; Jones et al, 1976; Lockwood et al, 1976).

Plasmapheresis has been successfully used in the treatment of
Goodpasture'!s syndrome, by removing nephrotoxic antibodies (Lockwood
et al, 1975; 1976). Also it has been used to treat systemic lupus
erythematosus. Jones et al (1976) reported a striking clinical and
immunochemical improvement in patients with SLE who have been treated
wifh plasmapheresis. Chalopin et al (1980) have reported recovery
after plasmapheresis in a patient with polyarteritis nodosa associated
with HBs antigen. One might ask whether plasma infusion induces
successful effects similar to those of"plasmapheresis?

In our method of plasma infusions with small volumes (usually one

the q,uavdﬁ’y was A
unit. of plasma) 4 much smaller than those used in plasma exchange
centres. The effect of these small infusions might be determined from
our results in which it is pbvious that treatment was highly effective
in some patients and independent'of 'Ehe volume of the exchange.

Thus one pint of plasma or less is required to alter the host's
immune balance; in some patients a single injection of gamma globulin
was enough to induce remission for months. |

It is possible that plasma infusion may remove immune complexés
from the circulation which could deposit and cause an immune cpmplex

disease by the following mechanisms:

a. Alteration of antigen—antibody ratio

the
Alteration oanntigen-antibody ratio may change the properties of

complexes, e.ge Size, and enhance their elimination. It has been
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shown that large complexes are rapidly removed bylhepa.tic reticulo=
endothelial system while small complexes are not (Mannik and Arend,
1971). Levinsky et al (1977) showed that extrarenal manifestations

in patients with SLE-nephritis were associated with large IgG complexes,
whezreas in those with renal manifestations medium sized TgG complexes
were found. This leads us to assume that the addition of extrinsic
antibody which is found in the infused plasma or some other sources,
e.g. the injected immunoglobulin, may be able to compete with oxr to
displace the intrinsic complex antibody for antigen and might change
the properties of immune complex and enhance its elimination.

be The product-idn of C3b

Certain enzymes (such as plasmin, thrombin, trypsin, €42, -C'B-B-fb-
and cobra venom factor) are known to be capa..ble‘ of splitting C3. This
splitting yields C3a and C3b (Lachmann, 1975). The latter, together
with immune complex¢s binds to specific sites on polymorphs and macrophages
and produces the immune adherence phenocmenon. This phenomenon enhances
phagocytosis of immune complex$and céther particles, e.g. bacteria or
viruses (Roitt, 1980; Ruddy et al, 1972). Thus after infusion, if
the patient's plasma can activate the donoxr's C3 (which yields C3b),
then the immune adherence phenomenon may occur in the patient with
subsequent removal of the immune complex.

In some of our 'pa'bienfs the clinical improvement after plasma
infusion was accompanied by reduction of circulating immune complexes
(of patients F.P. and I.J.), while in other patients (D.B., F.B., S.H.
and R.J.) this reduction was not accompanied by any clinical improvement.

The possible results of immune complex removal ares

i. Removal of low affinity antibody:

Low affinity antibody competes with antigenvand prevents it from

combining with high affinity antibody.
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ii, Reduction of the load of immune complexes on the reticuloendothelial
system (RES).

iii. Stimulation of antibody forming cells:

It has been shown experimentally that the removal of sexrum antibody

by exchange transfusion from guinea pigs previously immunised with sheep
red blood cells stimulates the proliferation of 19 S antibody fomming
cells in their spleen (Strugill and Worzniak, 1970). Can plasma
infusion induce the same effect in man?

4., Inhibition '-or removal of inflammatory mediators

a - Platelets

Immune complex can aggregate platelets and lead to the release of
phospholipid procoagulant and vasoactive amines which participate in
tissue injury (WHO Scientific Group, 19763 Roitt, 1980). Immune complex
elimination by plasma infusion may stop this mechanism and prevent the
production of hammful substances. The exact role’ however and importance
of platelets in certain humen disease, e.g. nephritis is not‘yet clear
(Peters, 1979).
b - Leukocytes

Immune complex elimination may inhibit the stimulation of leukocytes
and prevent the release of the destructive enzymes from these cells.
which participate in tissue injury (WHO Scientific Group, 19763 Leaf
and Cotran, 1980).
¢ = Mast cells

Mast cells are responsible for the release ofl vasoactive amines
when they are activated and degranulated through the interaction of
antigen-antibody (usually IgB-entigen)(Roitt, 1980; Bellanti, 1978).
If we prevent the release of these hammful substances by blocking mast
éells one might expect to arrest the damage and inhibit the inflammation

process. This might be achieved after plasma infusion by changing
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Ig class (e.g. IgE to IgCG)(discussed previously), which blocks the

FC receptor on these cells without degranulation (WHO Scientific Group, 1976).

Statistical evaluation of the plasma infusion treatment

In order to evaluate the benefit to the patients in temms of remission,
the effect of plasma infusion treatment has been assessed statistically.
Therefore, both the maximum length of remission and the proportion of
time spent in remission (months), before and after treatment, were compared
using a Student's t=teste Significant improvement was judged to have occuxrred
when the mean rémission after treatment was significantly elevated (2PS 0.05)
above that found before treatment.

A total of twenty-eight plasma treatments (including blood) were perfozmed
on twenty patients. The maximum length of remission was measured for each
treatment and compared to that found before treatment. The mean (."_'. S.D.)
maximum remissions before and after treatment were 0,625 + 0.985 and
24955 + 4.35 months respectively. This difference was found to be statis-
tically associated with the twreatment (t = 2,348, 2P< 0.05). 0f these
twenty=-eight plasma treatments, twenty-five were performed on eighteen
patients using plasma obtained from family members (including spouse). In
these latter cases, meé.n (-_1-_ S.D.) remission‘ was also greater after
treatment (2.46 + 3.992) compared to tl.;le pre-tieatment values (0.527 + 0.857,
t = 2,015, 2P =0.05).

Similar results were obtained from a statistical treatment of the
fractional period of remission (months in remission/total months of disease)
before and after plasma treatment (including blood) for a total of twenty-
seven observations on nineteen patients, mean (i‘. S;D.) fractional remissions
before and after treatment wexe 0.087 1-_‘0.216'and 0.36 + 0.418 respectively
(t = 2.625, 2P=~0,01). Of these twenty-seven observations, twenty=four
were perfommed on seventeen patients using plasma obtained from family

members (including spouse).
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In these latter observations, mean (+ S.D.) fractional remission was also
greater after treatment (0.343 +0.423 compared to pre-treatment values
(0.053 + 0.157; t = 2.710, 2P <0.01).

A small number of patients (n = 4) were treated with gamma globulin
injections. Mean maximum remigsions were not significantly different
(2P:>0.05) before and after this treatment. Obviously, a greater number

of patients must be inmvestigated to ‘evaluate its sigzxwic,ance.

Possible causes of treatment failure

Plasma infusion was effective in some patients, a2 number of whom went
into a long temm reﬁission. Howevexr in some other patients, mainly those
with idiopathic GN, there was no clinical benefit from this treatment and
the results have proved disappointing.

I shall discuss below the possible causes of plasma treatment failuresz

1. Choosing the wrong patientss

In some of our patients who had glomerulonephritis and uraemia (such
as K.G. and W.W.), it seems that the treatment was too late.

2. Choosing the wrong donoxr:

an
We selected the suitable plasma donors bein vitro cross-reaction test

(RIA), which is probably not a satisfactory enough method.

3. K=cell deficiencys:

In patients with K=cell deficiency IgG therapy would be expected to
fail. Therefore this seems to need other procedures rather than plasma
infusion.

4., TInaccessible infections

In this case the treatment is unable to reach and eliminate the
infective agent due to some reason, e.g. poor blood supply as in infective
endocarditis (Peters and fachmann, 1974).

5. Inadequate amount of antibody supply:

In patient S.G. the second relapse was treated with intramuscular

injection of 500 mg of gamma globulin. This amount induced complete
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remission, whereas the third relapse was treated with 250 mg of gamma
globulin and the remission was not complete. This fact seems unlikely

to be true for other patients who wexe treated with an equal amount of

plasma.
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Conclusion

T would like briefly to summarise some of my thoughts on the patients*
treatment which occupied much of my work.

It was obvious from the patient studies that plasma infusion induced
a dramatic improvement in some patients, mainly in the group of patients
with immune complex vasculitis which is due to SLE, PAN, MCTD, and
some patients with pericarditis and erythema multiforme.

Plasma infusion is a benign therapy which, when successful, seems
to have advantages over other drug treatment which are at present available
and have obvious dangers, e.g. immunosuppressive agents and anticoagulants,

The important problem of transfusion of viral hepatitis through this
treatment can be minimized by careful screening of the donors.

Some further suggestions“have arisen during our work:

A = The short temm remission which was induced after plasma infusion in

the patient H.Z. may suggest that some patients need further transfusion

every few weeks, which is time consuming. This leads one to suggest

the establishment of = pli§ma£bazﬂ£ for transfusion of such patients.
B = Blood transfusion in the{?}ﬁezith SLE induced complete remission for

a long perioci of time. This may suggest that giving all blood

components may be useful in some patients with immune complex disease.
C = Gamma globulin injection in some patients with pericarditis and

erythema multiforme was very effective. This may suggest that

giving gamma globulin alone may be useful and time saving in certain

diseasese.

These studies sﬁggest that specific immunological means for the
production of long or short term remission is possible in some patients
with various immunological disorders ranging from immune complex disease,
e.g. SLE, PAN, vasculitis, etc., to non=-immune complex disease, €.Z.

pericarditise.
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However to choose the right patient for this type of treatment we
need further infommation and knowledge of the disease pathogenesis which

ig still obscure in the majority of immune complex diseases.
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The results of plasma treatment which are part of the work in this
thesis are obviously of a preliminary trial, designed to see if there
were an effect worth further study. The results obtained point to a
favourable effect, but there is a defect in this type of trial. It is
that each patient is used as their own control, but at different stages
of the disease, Thus the improved remission observed after treatment
might be because the patient would have improved with time despite it,
A controlled clinical trial of better design is clearly now required.
In such a trial the patients would be divided into two groups, one of
which was treated with plasma infusion or gamma globulin, and the other
group of patients treated with a placebo, possibly their own plasma.
Statistical analysis of the results of this trial should reveal any

benefit of the plasma infusion.

In order to minimise the patient and investigator bias it would probably
be necessary for the trial to be double blind with only a third person
knowing from where the plasma came. The clinician in charge of the
~patient and the patients themselves would be unaware of the treatment

until the end of the trial.

Thus the investigations in this thesis represent those of a pilot,

feasibility, study of plasma infusion in various immune complex or -
infectious diseases. I hope that future investigations using longer
follow-up and controlled placebo iﬁfusion will show more clearly the

role of plasma treatment of these diseases,
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