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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 or 

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 gamma /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 between 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-re actions did not show a clear 

correlation with results of transfusion. Study of the complexes did, 

however, show that many patients apparently had a deficient immune 

response to their presumed foreign antigens. Some patients only make 

Igy[ antibody against the complexes antigen without IgG, whereas the 

unaffected members of the family or blood donors do make IgG antibody. 

The results of intra-familial transfusion have been studied. 

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

specificity and are unable to generate cytotoxic T cells or make 

co-operative IgG 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 virus 

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 patients by showing 

antigenic cross-reaction between their immune complexes. This may help 

in the future to identify the 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 

Histological classification 

1. Acute diffuse proliferative glomerulonephritis, 

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

3. Mesangial prolferative glomerulonephritis, 

4. Mesangio-capillary glomerulonephritis (Membrane-proliferative 
glomerulonephritis), 

5. Focal proliferative glomerulonephritis, 

6. Membranous glomerulonephritis, 

7. Minimal change glomerulonephritis. 

8. Focal sclerosis glomerulonephritis. 



1 3 . 

B. Classification of immunopathogene tic mechanisms. 

I. Diseases known to result from immunological mechanisms. 

a. 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. 

b. Anti glomerular 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. 

II. Diseases without evidence of immunological mechanisms. 

In this condition neither immune complex nor antiglomerular 

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

the disease such as minimal 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. 
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Glomerulonephritis in experimental animals 

A. Immune 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 rahbits) receive a single intravenous injection of bovine 

serum albumin (BSA)(25Qmg per kg body weight or more). After injection 

a number of rabbits develop inflammatory lesions in the hearts, joints, 

arteries and kidneys (Gezmuth, 1953? Hawn and Janeway, 1947). 

Following the injection of BSA, its concentration in the plasma falls 

rapidly over the first 48 hours as it diffuses through the intravascular 

and extracellular fluids, then the plasma concentration of BSA falls 

more gradually as it is slowly metabolise d, 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 Dixon, 1972; Geimuth, 1953; 

Germuth and Rodriguez, 1973). Anti-BSA antibody appears in the 

circulation on about the sevenihday after the initial injection of BSA 

(Wilson and Dixon, 1972; Dixon, 1971). This antibody binds to the 

circulating antigen to foim the circulating immune complexes which are 

small in size at the beginning because the antigen predominates in great 

excess; these small immune complexes cannot 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, 1972; 

"Ohanue and Dixon, 19&7; Dixon, 1971). 

These immune complexes disappear from the circulation on the eleventh, 

d̂ -y* "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 lififrt 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; Geimuth and Rodriguez, 1973; 

Hawn and Janeway, 1947)• 

Biy electron microscopy deposits of electron dense material blended 

into the basement membrane can be seen (peldman, 1958). A similar form 

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 selfr-limi ting' condition 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 (Dhanue and Dixon, 1967; Dixon 

et al, 1961; Germuth and Rodriguez, 1973). The first includes animals 

that produce a large amount of antibody. They may develop glomerular 

lesions similar to those in acute serum sickness (Unanue and Dixon, 

1967; Dixon et al, 1961). The rabbits of the second group do not foim 

antibody to the foreign protein and glomerular injury does not occur. 

The third group includes rabbits that foim an amount of antibody 

sufficient to result in the formation of circulating immune complexes 

in a moderate antigen excess. These complexes are usually detected 



for some hours after each antigen injection (Unanue and Dixon, 1967; 

Dixon et al, 1961; Wilson and Dixon, 1972). In these animals chronic 

membranous and/or proliferative glomerulonephritis usually develop 

(Germuth and Rodriguez, 1963; Dixon, 1971)• ^ i s lesion is usually 

progressive and fatal. 

Other forms of experimental immune complex GET 

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 usually develops and is 

manifested by severe proteinuria (Heymann et al, 1959; Edgington 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 Edgington et al (1967-1968) that the antigen which is responsible 

for the immunological 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 (LCtfi 

virus, gross leukaemia virus, equine infectious anaemia virus and 

lactic dehydrogenase virus (Dixon et al, 196^; Wilson and Dixon, 1972; 

Hotchin and Collins, 1964; Mellors et al, 1971). 

3. Immune complex disease in New Zealand mice 

Mice of this strain have been found spontaneously to develop SLE-like 

illness, spLenomegaly, haemolytic anaemia, and antihuclear 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, 19^7)• 

At least two antibodies can be eluted from the kidneys of the 

mouse 

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

b. Antibodies directed against antigens of the virus which infects 

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

B. Anti glomerular 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, 19^7)• There are two 

types of experimental antiglomerular basement membrane disease. 

1 • Heterologous antiglomerular basement membrane antibody or passive 
antibasement membrane glomerulonephritis 

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 was obtained 

(rat)(Gemruth and Rodriguez, 1973)* 

The nephritis occurs in 2 phases: (1) The primary or heterologous 

phase; this may occur within a few hours of the injection, when the 

hetercOcgous nephrotoxic antibodies are attached to the glomerular 

basement membrane of the rat. The glomerulonephritis which occurs in 

this phase is usually transient. The heterologous immunoglobulin can 

be demonstrated by immunofluorescence along the glomerular basement 

membrane in linear pattern (Germuth and Rodriguez, 1973; Unanue and 

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



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 glomerular basement 

membrane. In this phase, severe glomerulonephritis usually develops 

(Unanue and Dixon, 1965; Geimuth and Rodriguez, 1973)• 

2. Autologous anti glomerular basement membrane antibody or active 

antibasement membrane glomerulonephritis 

This type can be produced in the animals by injection of heterologous 

or homologous glomerular basement membrane preparations in Iteund'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 (Germuth and Rodriguez, 

1973; Wilson and "Dixon, 1972). 
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Human glomerulonephritis 

Acute proliferative glomerulonephritis 

In this disease the renal injury is most probably due to the 

deposition of immune complexes within the glomeruli, similar to those 

occurring in acute serum sickness; streptococal infection is the major 

cause (James, 1972). Post-streptococcal glomerulonephritis is discussed* 

Acute post-streptococcal glomerulonephritis (APSGN) 

This type .of glomerulonephritis occurs most often in children, but 

also affects adults at any age (Leaf and Cotran, 1980). It often follows 

infection with group A , 3-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 al, 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 average of 1 4 days (de Wardener, 19735 

Schwartz and Kassirer, 1971)* 

Clinical immunology 

One or more antibodies to the extracellular antigens or the haemolytic 

streptococcus are frequently identified in the serum during the development 

of acute Off, such as antistreptolysin (ASO), anti streptokinase (ASK), 

antihyaluronidase (AH) and antideoxyribonuclease (AENase). 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 after a streptococcal infection. It is raised in 

the serum about 20 days after the initial infection in 70-80% of patients 

(Schwartz and Kassirer, 197"1; Kilbourne and Loge, 1948). 



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 

(Black, 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 components 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 streptococcal 

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 these 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) 



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 et:al (1967), while only 40% of the patients 'of Kaplan et al 

(1970) had a 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 GN 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)• 

Pathology 

Light microscopy 

Usually, all glomeruli are affected and show hypercellularity due to 

diffuse proliferation of the mesangial and endothelial cells. This 

proliferation is accompanied by infiltration with polymorphonuclear 

leukocytes. There is an increased amount of mesangial matrix (Peldman 

et al, 1966; Burkholder, 1974)• Ihe 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. In 

the interstitium there may be some degree of oedema. Arteries and 

arterioles rarely show changes (Heptinstall, 1974). 



Electron microscopy 

The presence of electron dense granular deposits in the sub-epithelial 

space is the most prominent abnormality 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; 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 (Andres 

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

Immunof luore scence 

.IgG and/or C3 are often present in granular patterns along the 

glomerular basement membrane (Heptinstall, 1974; Andres et al, 1978; 

Germuth and Rodriguez, 1973)* The staining of C3 usually appears more 

intense and more constant than that of immunoglobulin.(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 normal within 4 to 8 weeks 

(Cameron, 1979; Leibowitch et al, 1980; Rodriguez-Iturbe et al (1980). 

Circulating immune complexes may be detected during the acute illness 

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



Prognosis 

The prognosis of APSGN in children is usually good and the majority 

recover. In a series by McCrory et al (1959) no deaths were reported 

and 54 of the 55 children he studied were completely healed two years 

after the onset and only one had an abnoimal Addis count. The course 

in adults is less favourable, some of them develop persistent GST and 

others die from other complications. In follow-up studies in eleven 

adult patients of Kushner et al (19&1) 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
1 

period follow-up and the better prognosis was in children. 
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Rapidly progressive glomerulonephritis (EPC3T)(Cre seen tic GOT, Subacute Q T ) 

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 

.u 

include acute post-streptococcal glomerulonephritis, Henoch-Schonlein 

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 a n t i - G M antibody 

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

Clinical presentation 

The commonest presentation is an abrupt onset of oliguria 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 (Stihnant et al, 1979). 

Pathology 

Ligftit microscopy 

The most important pathological finding in EPGN" is crescent formation 

in more than 50% of all glomeruli (Andres et al, 1978). It is believed 

that the crescents are formed by a proliferation of the parietal epithelial 

cells. This proliferation 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 f o m a t i o n . 

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). 

Electron microscopy 

Sub-en do thelial 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 GN 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). 

Immunofluore scence 

I!he findings by immunofluorescence fall into 3 groups: 

1. A".granular pattern of IgG- and C3 along the glomerular capillary walls 

can be found (this may denote post-streptococcal Gfj). may be present 

(Burkholder, 1974; Andres et al, 1978). 

2. Diffuse linear pattern of IgG alone or with C3 may be seen along 

the G M , this occurs in a n t i - G M disease (Arieff and Pinggera, 1972; 

Burkholder, 1974; Andres et al, 1978). 

3. In this group no immunoglobulin can be demonstrated in the glomeruli 

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



Serological findings 

In anti-GM antibody-mediated HPGN, circulating anti-GM 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)• 

Prognosis 

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). 



MesangLal proliferative glomerulonephritis 

The histological chaises.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 absent 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 (Brummond and Andres, 1978). Polymorph 

infiltration is usually absent or scanty. The capillary wall is usually 

of noimal thickness althou^i localized thickening may occur. Epithelial 

crescent formation and capsular adherence axe not usually seen (White et 

al, 1970; 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). 

Irrrmunof luore scence 

It is either negative or shows a granular pattern of IgG with or 

without C3 deposition along the capillary wall of the lobule or in the 

mesangium (Burkholder, 1974)- 101 and IgA. may be present (Migone et 

al, 1980). 



Serological findings 

Serum C3 levels are usually nounal in patients with mesangial PGN 

(White et al, 1970). Circulating immune complexes have "been detected 

in some cases (Woodroffe et al, 1977)• 

Prognosis 

Hie 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 eigfct patients. 
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Mesangiocapillary glomerulonephritis (MCGN) 

(Membrano-proliferative glomerulonephri ti s ) 

This condition is called mesangiocapillaiy glomerulonephritis 

because it is characterized by a diffuse increase in cellularity of 

the mesangium and an irregular thickening of the G M , a number of 

patients with this disease show hypocomplementaemia. The early 

description of MCGtT appeared when West et al (1965) described a group 

of children with chronic glomerular disease and persistent hypocomplementaemia. 

Aetiology and pathogenesis 

The aetiology of this disease is unknown and the antigens 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. Urinary loss 

3« Increased consumption of C3 

1. Diminished synthesis of C5 

Ogg et al (1968) and Cameron et al (1970) found no evidence of 

reduced complement synthesized in patients with MCGN; 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 

03 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 C3 levels in 2 patients 
1 

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 MCGN. It 

is -able to activate the complement system via the alternative pathway 

wKt/4 the classical pathway complement components' • (C1, C2, C4)st^ normal 

(Spitzeret al, 1969; "Valotta et al., '197.1)• 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 hypocomplemesiiemic 

MCGN had low serum IgG levels and higfr IgG3 levels when compared with 

noimal subjects, patients with SLE or 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) withKCQtf (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.. 

Clinical 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 

acute nephritic syndromes and the other 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- with 

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



may occur; Habib et al (1973) reported the presence of hypertension in 

23% 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)• 

Pathology 

Studies of the glomerular morphology of patients with MCGN 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 e t al, 1978). 

Type H (also called dense deposit disease) is characterized by 

dense deposits in the glomerular M (Habib et al, 1973; Andres et 

al, 1978). 

In both types there are huge mesangLal deposits (Andres et al., 1978). 

See below. 

Type I 

Light microscopy 

All glomeruli are usually affected and there is thickening of the 

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-methenamine^slight to moderate neutrophil accumulation 

can be seen in the glomerular rbuft. A few epithelial crescents 

may be present in some instances (Andres et al, 1978; Habib et al, 

1973; Davis et al, 1978) or absent in others (Magil et al, 1979). 

.The bloodvessels usually "appear noimal. unless hypertension 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 BI 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 M , all glomeruli 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)(Morel-Maroger, 1976.? Habib et 'al, 1973). 

Electron microscopy 

Electron microscopy is important for the diagnosis of this disease. 

It shows homogeneous dense deposits within the M 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). 

Immunofluorescence 

C3 is usually present in all cases, along both glomerular and tubular 

M in granular pattern, mesangial deposits of C3 are usually found 

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

Immunoglobulins are usually absent (Heptinstall, 1974; Droz et al, 

1977)> but in some patients IgY[ and, to a lesser extent, IgG or IgA 

may be present (Habib et al, 1973; Davis et al, 1978). 

Differential diagnosis between Type I & II 

1.. In the glomeruli C3 appears to be more irregular in type I than in 

type II where it is more homogeneous. 

2. Immunoglobulins are more likely to be present in the glomeruli in 

type I. 

3. Sub-endothelial and mesangial electron-dense deposits are observed jntype 1 

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

Serological findings 

Serum complement levels are reduced in the majority of patients with 

MC(3T. C3 levels are decreased in the course of the disease in over 75% 

of patients and to a greater degree in type II than in type I (Ooi et al, 

1976; Habib et al, 1973; Davis et al, 1978). C1q, C4 and C1 may be 

decreased in type I (Ooi et al, 1976). The early acting components 

are usually noimal in type II (Leibowitch et al, 1980). C3 NeF is 

often found in MCGtf, in particular in type H (Spitzer et al, 1969; 
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Ooi et al, 197&). Circulating immune complexes may "be found in "both 

types (Ooi et al, 1977). 

Prognosis 

The course of both forms is one of continuing disease, and spontaneous 

resolution is unusual; renal function may remain normal for several years 

before the chronic renal failure develops (Cameron j 1979). Chronic 

renal failure is highest in type II (Habib et al, 1973). 



Focal proliferative 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 

ii 

such as, SLE, sub-acute bacterial endocarditis, Henoch-Schonlein 

purpura and Polyartritis nodosa which are discussed later in this chapter. 

Berger's disease is discussed. 

Berger's disease (IgA Nephropathy or IgG-IgA Nephropathy) 

This disease was described by Berger (19&9), who observed IgA.-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 

respiratory infection and IgA. deposition migjit 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 IgA-C3 nephropathy and in 13% of their control group. 

This disease is more common in males than females (3?2) in their teens 

and twenties (Yokoska et al, 1978; TJeda 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/day (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 nounal (van der Peet et al, 1977; Davies et al, 1973> 

Roy et al, 1973)* Generalized 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 15 of 27 adult patients with IgA. nephropathy. 

Electron microscopy 
an 

The electron microscopy shows^increase 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). 

Immunofluorescence 

IgA. 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, 1973; Roy et al, 1973; "van der Peet et al, 1977). 

Serological findings 

Serum IgA. levels may be elevated (van der Peet et al, 1977). Complement 

components are usually noimal (Glassock, 1979). Circulating immune 

complexes may be detected by a variety of assays (Abraset 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). 



Idiopathic membranous glomerulonephritis (MGN) 

37. 

This lesion is characterized "by regular diffuse thickening of the 

capillary walls of the glomeruli. Some authors prefer to use the term 

idiopathic MOT 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 (Gartner et al, 1974; Pie-cid.es 

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 migfct result from in situ 

formation of the complexes in the capillary walls of the glomeruli. 

Cameron (1979) and Gelfand et al (1975,1976) suggested that C3b receptors, 

which were demonstrated in the glomeruli, might play a role in the 

initiation of the disease. 

Clinical presentation 

Proteinuria with the nephrotic syndrome is present in more than 75% 

of cases whilst the rest present with non-nephrotic proteinuria (Habib 

et al, 1973; Row et al, 1975; Pierides et al, 1977). Proteinuria is 

usually non-selective (Cameron, 1979). Mild microscopic haematuria 

is present in 70-80% of cases (Gartner 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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"bat rarely found in Habit's patients, who were all children. Oedema, 

lipiduria and hypercholestraemia may occur. 

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 epithelial cells. These spikes can be seen when the section 

is stained with periodic acid-methenamine (Heptinstall, 19745 Gluck 

et al, 1973). 

The epithelial cells swell without crescent formation (Andres et al, 

1978; Burkholder, 1974). Proliferation is usually absent (Churg et al, 
a 

1970) but occasionalljr^slight 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 

casts can be observed in the cell of the proximal convoluted tubule 

in the early stage of the disease (Heptinstall, 1974; Gluck et al, 1973)* 

Electron microscopy 

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 IIo In this stage the electron-dense deposits are large in size, 

more numerous and form a continuous sub-epithei'ial layer interrupted 

by newly formed spikes (Germuth and Rodriguez, 1973; Andres et al, 1978). 

Stage III. In this stage membranous transformations 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 (Geimuth 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 (Row et al, 1975; Burkholder, 1974). 

Serological findings 

Haemolytic complement and C3 levels are usually n o m a l (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 ( d u c k et al, 1973). The course of 

the disease seems to be more benign in children than in adults (Habib 

et al, 1973). 
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Minimal lesion glomerulonephritis (MLGN) - Lipoid nephrosis 

This disease is most common in children under the ags 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 anti glomerular 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 function leads to the production of 

lymphokines which are toxic to the glomerular BI • He has supported 

his hypothesis by the following observations. 

a. Remission induced by measles 

b. Susceptibility of the patients to infection 

c. Remission by steroids and cyclophosphamide. 

d. Hodgkin'
l

s disease can cause changes similar to those observed 
in minimal changes .gLomezrulonephritis. 

2. Eyres et al (197^) 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 

glomerulonephritis 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 
c 

immune complexes in children with MLGN. 

5. Ngu et al (1970) reported elevated levels of immunocongLutinin in 

children with ML GET. 
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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 migfrt be the causative agent 

in this disease. 

Clinical presentation 

This group of patients usually presents with a nephrotic syndrome. 

In some patients there is a previous history of allergy (Thomson et al, 

1976). Proteinuria is more than 3g/24 hour and is usually highly 

selective in children, but less selective in adults (Cameron et al, 

1974). Hypoalbuminaemia, less than 2.5 g/lOQml, 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 

uncommon in this disease, but hypercholesteraemia and hypertriglyceri-

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

Pathology 

Li^at microscopy 

The absence of any conspicuous abnormality in light microscopy is 

an essential feature of this disease. The glomeruli are usually n o m a l 

and there is no cellular proliferation (Heptinstall, 1974? Cameron et al, 

1974)
 9
 frut 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 

normal, with the exception of fatty and hyaline droplets in the proximal 

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

return to normal in remission (Leaf and Cotran, 1980). Eluid droplets 

can be seen in. 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. 

Immunofluorescence 

Immunoglobulin and complement are absent from the glomeruli of the 

patients with MLGN. Gerber.-.send Paronetto (1971) observed IgE "in 7 patients 

with MLGNf- in the glomerular' capillary walls in ' comma-like
1

 pattern with 

the absence of IgG, IgM, IgA and complement. The presence of IgE has 

not been confirmed by Lewis et al (1973) • 

S e r o l o g i c a l findings 

Elevated levels of circulating immune complexes have been detected 

in some patients with MLOT (Levinsky et al, 1978; Abrass et al, 1980). 

Serum complement components are usually normal (Ruddy et al, 1975; 

Mallick, 1977; Leaf and Cotran, 1980). There may be an abnormal 

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

Prognosis 

Patients with minimal change glomerulonephritis (MLGN) have a n 

excellent prognosis and over 90% exhibit a good response to corticosteroid 

treatment, and temporary or permanent remissions occur (Drummond and 

Andres, 1978). 
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Focal sclerosis 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^ capsule, and contain hyaline deposits. 

Foam cells containing lipid can be seen in the area. Other glomeruli 

appear n o m a l (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). Focal tubular atrophy can be seen, which may be accompanied 

by interstitial fibrosis (Jenis et al, 1974; Nagi et al, 1971). 

Electron 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 BurMiolder, 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 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 n o m a l (Hyman and Burkholder, 

1973; 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, 1975)» 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 Shulman (1976) reported 

the presence of systemic lupus erythematosus in more than one member of 

the family. ELock 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 (19^9) stated that a virus might be the agent producing 

the initial injury which provokes the immune mechanism. Panem et al 

(1976) isolated C-type vi-Yal antigens from renal biopsies of patients 

with lupus nephropathy and in 1978 they detected immune complexes 

containing BEL-12 virus antigens in kidneys of 45 out of 44 patients witti 

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 (Hu^ies, 1975; Zech et al, 1979). The 

renal involvement in SLE ranges from about 50% to 70% (Hughes, 1975; 

Leaf and Cotran, 1980). 

The histological changes are 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 sligjht 

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) • 

Electron microscopy 

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

1977). 

Immunofluorescence 

IgG and C3 deposits can be seen in the mesangial area. IgA. and 

can be seen sometimes (Baldwin et al, 1977? Andres et al, 1978). 

Prognosis 

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 wall, and fibrinoid necrosis may coexist. Epithelial 

crescents are common and are usually small (Burkholder, 1974» "Baldwin et 

al, 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, 

1977; Burkholder, 1974). 

Immuno fluo re s cence 

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

glomerular capillary walls. IgM and IgAmay show -positive staining 

..(Baldwin e t al,1977). 

Prognosis 

Remission may occur with treatment but relapses are "common; renal 

failure develops in the majority of patients with this lesion (Leaf and 

Cotran, 1980; Baldwin et al, 1977). 

3. Focal 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 proliferation 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). 

Immuno fluore s cence 

Granular deposits of IgG and C3 are usually present, predominantly 

in the mesangial areas of all glomeruli. Igyt and IgA. may be present 
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(Baldwin et al, 1977; Andres et al, 1978). 

Prognosis 

The course of this type is favourable, more so than the other forms, 

and complete remission may occur (Baldwin and McCluskey, 19&8; Baldwin et 

al, 1977). Transition from this form to another, e.g. diffuse proliferative 

(2T, and membranous -GN has been reported (Baldwin et al, 1977). 

4. Membranous 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 McCluslsy, 1968; 

Baldwin et al, 1977). 

Ligftit microscopy 

The histological lesions resemble those seen in idiopathic membranous 

glomerulonephritis (Burkholder, 1974). Ihe glomeruli show uniform 

thickening of their capillary walls. Spiky projections are usually 

seen (Andres et al, 1978). 

Electron microscopy 

Eusion 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). 

Immuno fluo re s c en ce 

Granular deposits of IgG and 03 can be demonstrated along the capillary 

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

Prognosis 

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). 



Serological findings in SLE 

Serum complement components are commonly reduced in SLE especially 

C4, 03 and C1q (Ruddy et al, 1975? Leibowitch et al, 1980), In 

antinuclear factor is present in the great majority of cases. Antibodies 

to M A also occur and generally correlate with disease activity (Hu^ies, 

1971, 1975). 



Renal lesions in subacute bacterial endocarditis 
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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 Wardener, 1975)* Nephrotic syndrome 

and progressive renal failure may occur in some patients (Boulton-Jones 

et al, 1974). 

Pathology 

It seems that the renal lesion depends on the size of the immune 

complexes. Boulton-Jones et al (1974) reported that small complexes 

fomed in antigen excess were localized in a sub-epithelial position 

and were associated with diffuse proliferation, whereas larger complexes 

foimed in antibody excess were localised on the inside of the glomerular 

basement membrane and were accompanied by a focal nephritis. According 

to this, the renal lesion is divided into two types: 

1 • Acute diffuse glomerulonephritis 

This type is similar to the lesion in acute post-streptococcal 

glomerulonephritis. Microscopically there is proliferation of the 

endothelial and mesangial cells, accompanied try polymorph leukocyte 

infiltration (Tu et al, 1969). Sub-epithelial and sub-endothelial 

electron-dense deposits can be seen by electron microscopy (Pertschuk 

et al, 1976; Tu et al, 1969). Ifr immunofluorescence, diffuse granular 

deposits of complement with or without IgG and Igyi can be seen in the 

glomerular loop (Pertschuk et al, 1976; Boul ton-Jones et al, 1974). 
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2. Focal proliferative glomerulonephritis 

Focal and segmental proliferation of the endothelial and mesangial 

cells can be seen by light microscopy, focal crescents and capsular 

adhesions occasionally occur. Sub-endothelial deposits can be demon-

strated by electron microscopy (Burkholder, 1974). Diffuse granular 

pattern of IgG, IgM and complement are usually demonstrated on the 

glomerular capillary wall and mesangial area by immunofluorescence 

(Boulton-Jones et al, 1974)• 

Serological 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 advanced (Gutman et al, 1972; Boulton-Jones 

et al, 1974; de Wardener, 1973). 



Post-staphylococcal glomerulonephritis (Shunt nephritis) 

The association of nephritis .with an infected ventriculoatrial 

shunt in hydrocephalic patients was reported "by ELack et al (1965). 

Their patients, two children with ventriculoatrial shunt, presented 

with nephritic syndrome and bacteraemia due to coagulase: negative 

s taphylo co ccus• 

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-

coccus. 

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 CM 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). 

Electron microscopy 

Granular dense deposits can be seen on the sub-endothelial area 

(Dobrin et al, 1975). 

Immunofluore s cence 

Granular deposits of IgG, I&l 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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Serological 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; -Slack 

et al, 1965). 



54 

it 
Henoch-Schonlein purpura and the kidney 

This disease is principally a disease of children and young adults 

"but it can occur at any age (llllastre et al, 1971; 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, 

1975). In some instances it may be preceded by drug ingestion, e.g. 

tetracycline, acetyl salicylic acid and penicillin or by upper respiratory 

tract infections (Kobayashi 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. Hie prognosis of those patients is 

good (Kobayashi et al, 1977; Counaiian et al, 1977). 

2. Acute diffuse proliferative type 

The histological changes are similar to those seen in acute post-

streptococcal GN. There is usually slight proliferation of endothelial 

and mesangial cells. Complete remission may occur in patients with 

this lesion (Counahan et al, 1977; Ballard et al, 1970). 

3. Diffuse OT 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 

(Counahan et al, 1977; Kobayashi et al, 1977). 



4. Focal CM 

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)* Ihe prognosis of this type is usually good 

and patients go on to remission and sometimes complete healing (Kobayashi 

et al, 1977; Ullastre et al, 1971). 

Electron microscopy 

Electron-dense deposits in granular pattern can "be seen in mesangial 

and endothelial areas (Kobayashi et al, 1977). 

Immunofluorescence 

IgA, IgG and complement can "be seen mainly in the mesangial area 

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

Serological findings 

Serum IgA 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 characterized by episodes of pulmonary haemorrhage 

and haematuria, associated with severe progressive glomerulonephritis. 

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 (Stemlieb 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 G M which cause the renal injury. 

Clinical manifestation 

Haemoptysis is usually the first symptom to appear with cougji and 

dyspnoea accompanied by a nephritic syndrome and macroscopic or 

microscopic haematuria. Oliguria may be found, and also proteinuria 

which may cause a nephrotic syndrome (Proskey. et al, 1970; Canfield et al 

1963; Briggs et aX, 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. Ilbrinoid 

necrosis is usually seen within the tuft (Proskey et al, 1970). 

Epithelial cell proliferation occurs at the affected area at first 

then the proliferation spreads to involve the whole tuft with crescent 



formation. This processes to fibrosis and capsular adhesion. The 

glomerular basement membrane may be thickened (Berlyne, 1979; Morel-

Maroger, 197&). Tubules may be dilated in some patients and atrophied 

in others (Benoit et al, 19^4; 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)* 

Immunofluorescence 

Diffuse deposition of IgG -with or -without C3 along the G M 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 aX, 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 

uncommon. Patients may die from pulmonary insufficiency or renal 

failure (Benoit et al, 19^4)> although haemodialysis may maintain the 

patient
1

 s life. Immunosuppression and steroids may or may not induce 

remission. Seaton et al.(l97l) reported remission in two patients 



treated "by steroids and immunosuppression. Lockwood et al (1975) 

reported recovery in patients with Goodpasture
1

 s syndrome after 

treatment with plasmapheresis and immunosuppressive drugs. 
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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 immuno fluorescent 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 AEF (de Wardener, 1973); Darmady 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 sizes, either with 

or without necrotizing and proliferative glomerular lesions (Andres et 

al, 1978). 

In the microscopic form, 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 formation 

and capsular adhesions with polymorph infiltration (Andres et al, 1978; 

Heptinstall, 1974). 

Electron microscopy 

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

the m and in subepithelial areas (Heptinstall, 1974; Andres et al, 197®). 



Immunofluorescence 

In a few patients IgG, I a n d "C3 may "be found in "a granular 

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 )• 

Prognosis 

The renal lesion may remit and relapse although progession to renal 

failure kith death from end-stage renal failure may occur (Spencer and 

Hose, 1957). The prognosis has become better since the use of high 

dose corticosteroids (de Wardener, 1973; Berlyne, 1979). 



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 Plasmodium 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, 19^7)• 

Pathology 

Light microscopy 

The renal lesion is characterized by capillary-wall thickening and 

segmental glomerular sclerosis, or by focal proliferative GN" with 

variable focal and segmental proliferation of the endothelial and 

mesangial cells; crescent formation is unusual (Edington, 1967; Gilles 

and Hendrickse, 1963; Tighe, 1975). Toiler et al (1971) reported a 

generalized diffuse glomerulonephritis with proliferative mesangial 

and membranous changes in a kidney at autopsy from a monkey infected 



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 is 

fusion of the epithelial foot processes (Tighe, 1975)* 

Immunofluorescence 

I^yr, IgG and C3 are usually present along the capillary basement 

membrane in granular pattern. IgYL is usually more common than other 

immunoglobulins (E.$ie, 1975; Ward and ICLbukamusole,, 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). 



63. 

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 (l^ills et al, 1965). Warthin (1922) reported 

the presence of the spiroehaetes - within the tubules of the kidneys. 

Pathology 

Li^it microscopy 

Proliferation of the endothelial and mesangial cells which leads to 

glomerular hypercellularity and endothelial enlargement can occasionally 

be seen (Braunstein et al, 1970). Ttocal thickening of the capillary 

wall may be seen. Some loops of the PCT may contain hyaline droplets 

Offalls et al, 1965). 

Electron microscopy 

The endothelial and mesangial cells show slight swelling and there may 

be focal swelling of the BI. The most conspicuous feature 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 (iSlls et al, 1965). 

Immuno fluo re s cence 

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

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

Prognosis 

All of these changes regress and the kidney may return to normal 

during antisyphilitic therapy (iF&lls et al, 1965). 



Immunity to Infection 

Immunity is the state of response to, recognition of and elimination 

of antigens, and it therefore gives resistance to the body against 

the invasion of pathogens. Immunity is divided into natural (innate 

or non-specific) immunity, and acquired (specific) immunity (Roitt, 

1980; Herbert and Wilkinson, 1977). 

A. Natural (innate or non-specific) immunity 

This f o m s the first line of protection against infections and is 

associated with the following factors: 

Age: The susceptibility of the very young and vezy old groups 

to infection; for example, pneumonia is more likely to be fatal in 

the elderly, as is septicasnla with E.coli in the newborn (Bellanti, 

1978). 

Race: e.g. Negroes are more susceptible to tuberculosis than whites 

(Bellanti, 1978). 

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

treated with corticosteroids and patients with diabetes mellitus (Bellanti, 

1978). 

Anatomic 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, saliva and nasal 

secretion has bacteriocidal activity and potentiates the action 



65. 

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.(Biddy 

et al, 1972; Lachmann, 1975). The complement system may be 

activated through two routes: 

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

action. Activation starts at the first complement component, 

C1, when it binds to the lb portion of antigen-antibody complexes 

(usually Igpt or IgG) (Lachmann, 1975). 

- The alternative pathway (properdin pathway) is activated by 

many substances such as gram negative endotoxin, a factor from 

cobra venom, zymosan and heat-aggregated Igk. Activation 

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

The complement activation results in the following biochemical 

events: 

i Chemotaxis. This seems to be the function of the activated 

complements C5&7 as well as C3a and C5a. Polymorphonuclear leukocytes 

and possibly macrophages show chemo taxis towards these components (Drutz 

and m i l s, 1980; Brcwn* 1975). 

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

macrophages., neutrophils, and T and B lymphocytes by the C3b receptors 

on the walls of these cells, thus enhancing phagocytosis (Brown, 1975; 

Ruddy et al, 1972). 

iii Anaphylatoxin. C3a and C5a cause the degranulation of mast 

cells and basophils, causing the liberation of vasoactive amines, e.g. 

histamine. These substances increase the capillary permeability, act 

as vasodilators and lead to the accummulation of neutrophils (Ryan and 

Majno, 1977; Brown, 1975). 



iv Cell lysis.. This is due to the action of the activated C5-C9 

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

d. Interferon - this is a non-iTTrmunoglobulin 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 SNA, and thus protects 

them from infection. It is a non-specific anti-viral agent 

as it can act on all viruses, but viruses can escape from the 

effect of interferon (Herbert and Wilkinson, 1977; Penner and 

White, 1976). 

e. Physiological factors - gastric juice can destroy some ingested 

bacteria (Bellanti, 197$)• 

f. 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, 

iii - Ingestion by vacuole formation, killing and destruction of 

the microorganism (Bellanti, 1978; Drutz and Mills, 1980), 

There are a number of killing mechanisms operating in 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 (Cl"~ 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: 

a. Natural: This immunity is transferred from the mother to the 

neonate through the placenta (IgG) and colostrum (Igk)(maternal 

immunity). 

b. Artificial: By giving gamma globulin or antitoxin,- as'in the 

treatment of immuno deficient states, tetanus and diphtheria 

(Herscowitz, 1978; 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 components of the specific immune response 

There are two types of effector mechanisms that mediate specific 

immune responses: 

1. Cell mediated immunity: This is mediated mainly by T-lymphocytes. 

2. Humoral immunity: 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 receptors for antigen (Marchalonis, 1975). On 

contact with the appropriate antigen these lymphocytes mature into: 

a. Helper T cells. These cells co-operate with B cells in antibody 

formation (Paul and Benacerraf, 1977). 



t>. 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)* 

c. Cytotoxic T cells: These cells have cytotoxic activity with 

target cells (Bellanti, 1978). 

d. Memory cells: These are generated during the initial exposure 

to the antigen; secondary responses are dependent on the existen.ee 

of these cells (Herscowitz, 1978). 

Activated T cells can kill target cells either directly or throu^i 

the elaboration of soluble factors known as lymphokines. Some of the 

most important lymphokines are macrophage inhibition and activation 

factors, chemotactic factors, transfer factor, lymphotoxin, cell 

growth inhibitors and interferon (Irving 1979; Herbert and Wilkinson, 

1977). 

Killer cells 

Another cellular type important in cell mediated reactions 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 are 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). When B cells ai~e stimulated by an 'antigen they differentiate 

into memory cells and plasma cells. The latter are the major "antibody 

synthesizing cells (the structure and function of antibodies are discussed, 

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

1976; Herscowitz, 1978). 



B-lymphocytes and thymus dependent antigens 

Both B and T cells have specific receptors for antigens on their 

surfaces. Certain antigens are capable 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 protein? in 

some cases, antibody production (usually of IgG class) seems to 

require T cell help (McConnell, 1976; Paul and Benacerraf, 1977). 



Structure and, function of antibodies 

Antibodies 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 different 

amounts which may vary considerably in disease (Nezlin, 1977; Herbert and 

Wilkinson, 1977)- In man there are five main classes of immunoglobulins, 

IgG, I&l, IgA, IgD 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, 19^7> 1973)* 

Bach chain consists of two regions known as the variable amino-terminal 

portion and constant carboxyl-terminal 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 disuJphide bonds (Porter, 

1967). 

The light chains are of two types, Lambda (L) and Kappa (K), of 

which 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, y in I^YI, a in IgA, <$ in 

IgD and E in IgE (Goodman and Wang, 1980; Nezlin, 1977). 

a 

The enzyme papain splits the Ig|molecule 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 which the 

Pab fragments can rotate (Goodman and Wang, 1980). The Jb. fragment 



of the heavy chain is responsible for the antigenic difference between 

the classes of immunoglobulins (Low et al, 1976; Irvine, 1979)• Digestion 

of immunoglobulin with a proteolytic enzyme, pepsin, leaves two Fab 

molecules held together by a disulphlde bond and called F(ab)^ (Porter, 

1967; Nezlin, 1977). 

Function of antibodies 

Immunoglobulin G(lgG) 

IgG comprises about 75% of the total serum immunoglobulins. It 

has a molecular wei^it of 140,000-150,000 and a sedimentation coefficient 

of 7S; 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 hi^ily effective opsonin and can act as an 

antitoxin (neutralising antibody)(van Oss, 1979). There are 4 subclasses 

of IgG: IgGl, IgG2, IgG^ and IgG4- and their biological function differs. 

IgGl and IgGJ fix complement via the classical pathway and bind to 

macrophages, IgG?, fixes complement only weakly, IgG^. 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). 

Immunoglobulin M(lgyQ 

IgVI 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 J"chain (Nezlin, 1977), 

it is the earliest antibody response to a primary immune stimulus (Turner, 

1977). I^W titreg rise rapidly within days of infection but decline after 



a few weeks. IgM does not pass the placenta, . . -fi^eS 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) • IgM 

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

Immunoglobulin A(lgA.) 

~H\t 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; Turner, 1977). In serum it is 

monomeric with a molecular wei^it of 155,000 and sedimentation coefficient 

of 7S (van Oss, 1979), while in secretions it is usually in dimeric form 

with a molecular weight of 400,000 and sedimentation coefficient of 11S 

(Goodman and Wang, 1980). The polymeric units of secretory IgA. are 

joined together by a j* chain and a secretory piece (Nezlin, 1977; 
TUc. 

Turner, 1977)* ^ IgA. molecule does not cross the placenta and does not 

fix rheumatoid factor nor complement by the classical pathway, aH^ou 

the aggregated form can activate the alternative pathway (Goodman and 

Wang, 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, 1972; Turner, 1977). 

Immunoglobulin D(lgD) 

The IgD molecule is a monomer, it has a molecular weight of 

184,000 and a sedimentation coefficient of 7-8So It is present in 

serum in small amounts. The main function of IgD has not yet been 

determined (Goodman and Wang, 1980; van Oss, 1979)> W
 , s a

 Sur-face, 
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Immunoglobulin E(lgS) 

TKel^I molecule has a molecular weight of 187,000 and a sedimentation 
includes w%ostT of 

coefficient of 8S (van Oss, 1979)- It ^ 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 mast cell triggers the release of vasoactive amines which initiate 

immediate hypersentivity (Turner, 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 combination 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 structure. 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). 

The antigens 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 macrophages 

and neutrophils have receptors for C3b, C3a and C5a, and eosinophils for C3a, 

C3b, C3d and C5a (WHO Scientific Group, 1976). Fc receptors are present on 

all these cells and also on human platelets. 

B. Composition of Immune Complexes 

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

proportions with antiserum a precipitate is usually formed. As more and 
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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 Ag^Ab^, Ag^Ab^ and 

Ag2Ab. 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. In 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-Ab
n
 and Ag^-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. If 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. 

(ii) 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 native 

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. IgM 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 Fc 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. In 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 Cis (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) Solubilisatjpn 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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Nussenzweig, 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 radiolabeled 

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. In 

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 macrophages 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 above (Drutz and Mills, 1980). The secretory IgA. 

antibody appears to inhibit bacterial adherence to mucosal surface (Williams 

and Gibbons, 1972). It seems that lg/L antibodies have greater opsonizing, 

bacteriocidal and agglutinating capacities than IgG, while IgG antibodies 

have greater precipitating capacities (Bellanti, 1978). 

Cellular immunity 

Some strains of bacteria such as .Myobacterium tuberculosis, 

Myobacterium leprae, Brucella and Salmonella are able to live and 

multiply within macrophageso In such infections, cell mediated Immunity 

is more important than humoral immunity as the antibody cannot reach 
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intracellular organisms (Turk, 1978; Faulk and Greenwood, 1977). 

Sensitized T cells can destroy bacteria either diroctly 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). 

Immunity to viruses 

Viruses are the smallest infectious agents and are not normally 

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 HNA or M A but not both (Fenner and White, 197&; 

Jawetz et al, 1978). 

Some of the most important groups in man are: 

a) UNA Viruses; 

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

infectious mononucleosis (EB virus). 

2. Pox viruses: e.g. smallpox, cow pox. 

3. Adenoviruses: e.g. respiratory diseases. 

4. Papoviruses: e.g. warts. 

b) ENA Viruses: 

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

2. Orthomyxoviruses: e.g. influenza. 

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

4. Ehabdoviruses: 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 a parvovirus.) and viruses responsible for 

certain immune complex diseases and for neurologic disorders with a long 



latent period ("slow" virus disease)(Ffenner and "White, 1976; Jawetz et 

al, 1978). The immune response to viral infections involves the interplay 

of T and B lymphocytes (Fenner and "White, 1976). 

1. Humoral factors: Antibodies probably constitute one of the more 

important mechanisms of host resistance to viral infection (Allison, 

1979; Fenner and White, 1976; Brutz and Mills, 1980). The antibody 

response observed in viral infections follows the same steps as observed 

with any other antigenic stimulus, Î XE titres rise rapidly within days 

of infection but decline after a few weeks (Fenner and White, 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). 

Secretory 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). 
tKe 

It is probable ihat^humoral antibody response is more important 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 cannot enter 

the host
!

s cells where the replication of viruses 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, 197&)-
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Sensitized T cells can act against viral infection "by a variety of means, 

firstly by liberation of lymphokines which attract macrophages and 

polymorphonuclear leukocytes which may destroy viruses or virus-infected 

cells (penner 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; Eenner and White, 1976). 

Another protective mechanism against viral infection presumably occurs 

throu^gi K cells which are cytotoxic to virus-infected cells when coated 

with specific IgG antibody in an ADCC reaction (Bellanti, 1978; 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 (jfenner and White, 1976). 

Immunity 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 worm 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 to the 

site of mast cell de granulation, atncj- may kill the worm with the 

help of IgG 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-mcdiated 

(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, St mechanism by which 

the worms are covered with the host blood group antigens .4-kereLj 

JioiA 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 

Immunity 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 Igyi globulins; this may be due 

to polyclonal activation of B cells by a parasite product (Cypess, 1978; 

Heyneman and Welch, 1980). These parasites escape from the harmful 

effects of the serum antibody by the following mechanisms: 

a. Antigenic variation: This is a mechanism by which the parasites can 

change their antigen structure in each stage of the infection. Thus 

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

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

b. The presence of circulating antigens of the parasites alone or in 

immune complex fom,which may block the immune response (Goodman 

et al, 1979). 

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

Immunity to toxoplasmosis involves both humoral and cellular 

components (Cypess, 1978)• Cell mediated.immunity plays an 

important role in the protection against visceral and cutaneous 



leishmaniasis,, It also prevents the spread of the pararjitou 

(Allison, 1979> Cypess, 197^)• Both toxoplasma and leishmania 

can survive inside macrophages. The nature of any protective 

immunity to intestinal protozoa, e.g. Entamoeba histolytica is 

still unknown (Cypess, 1978). 

Immunity to fungi 

The cell mediated immune response is important in the protection 

against cutaneous fungal infections, e.g. dermatophyte infections which 

involve the epidermis and its appendages and can produce infections of 

the scalp, of the skin and of the nails. Non-specific immunity may 

protect against these infections, e.g. sebaceous secretions help to 

control ringworm infections of the scalp (Ballenti, 1978)* In-

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 cellular immunity may be involved. 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). 



CHAPTER TWO 

MATERIALS AND METHODS 
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Isolation and Estimation of immune 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 C1q levels. Individual normal human sera 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, IgM and IgA.) raised in rabbits by 

.immunisation with purified components, and standardised by comparison 

with known reference antibody. 

4- Barbitone buffered saline (BBS) 

Stock solution was made up from 85g Sodium Chloride 

3-75g Sodium Barbitone (EDH Chemical Ltd.) 

5«75g Barbitone (Diethyl Barbituric Acid.) 
(BEDS Chemical Ltd.) 

in 2L 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 

74.44 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 Glycol (PEG) 

MW 6000 Dal tons, Hopkins and Williams Ltd. 

a - stock solution 20% w/V: 

This was made up from 20g polyethylene glycol in 100ml of working BBS, 



b - Working solution of PEG: 

12% PEG in working BBS and 60mM EDTA pH 7*5 made up from: 

6ml 20% W/V PEG in BBS 

3ml 0.2M EDTA solution pH 7*6 

1 ml working BBS 

c - Washing solution of PEG: 

2% PEG in 1QmM EDTA pH 7.6 and BBS made up from: 

5ml stock PEG in BBS 

2.5ml 0.2M EDTA solution pH 7.6 

42.5ml BBS 

8. Agarose (indubiose A37) IBP Ltd. 

Methods 

The assay involved precipitation of soluble immune complexes from 

serum by the addition of polyethylene glycol (PEG). The amount of 01 q., 

IgG and IgM in the precipitate was measured by single radial immunodiffusion 

(SRID), and presence or absence of IgA. by double diffusion in agarose gel. 

Values were compared with those obtained in this test from pooled and 

single (normal) human sera from healthy individuals. 

PEG precipitation: 

0.1ml of solution of 12% PEG in BBS containing 60mM EDTA pH 7.6, 

was added to 0.5ml of the test serum. The solutions were mixed 

thoroughly, and left overnight at +4°0. Solutions were mixed again 

before centrifuging at 1000x g for 20 minutes (+4°C). The supernatants 

were decanted by pouring and kept at +4°C. The precipitates 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 0.5ml BBS. This was then well 

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

(Por the estimation of C1q., I&L and IgG) 

Each Mancini gel plate contains a total volume of 25 ml including the 

antiserum, The Mancini plate was prepared as the following example 

for 10% anti-C1q antibody: 

250mg Agarose (indubiose A37> IBP Ltd.) 

5 ml 0.2 M EDTA pH 8.6 

17.5 ml working BBS 

2.5 ml anti-C1q 

The agarose, EDTA and BBS were gently heated until the agarose dissolved 

and melted. This was then cooled to 50°C and the antibody added and 

mixed. The solution was then injected between 2 glass plates (250mm x 

150mm), held 1mm apart by a rubber 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 15mm. This allowed a total of 66 wells per plate. 

Single Radial Immunodiffusion (SRID) 

10]iL of each sample (the PEG pellet re-suspended in BBS) was put 

in each well. In addition, 10uL of pooled or single, normal human 

sera (suitably diluted in BBS) were added for controls. The plates were 

incubated overnight at + 37°C, and precipitin ring diameters measured 

the following day to the nearest 0.1mm. The amounts of antigen were 

calculated from the standards included in each plate. 

Double Diffusion: 

A petri dish containing a 1mm thick 1% agarose gel was prepared by 

pouring the heated agarose solution into a horizontally placed dish. 

When cool, a hexagonal pattern of 4mm diameter wells was then punched 

in it. 2yl anti-IgA. antiserum was placed in the central well. 10yl 

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



84. 

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 ceased, the area within the "precipitin ring" formed is 

proportional to the amount of antigen originally present. 

Measurement of the diameter of this ring gives an expression of 

the amount of antigen in the sample tested (Mancini et al, 1965). 

For example: 

Let the mean of the diameter of 3 normal serum standards = s(mm) 

and the unknown diameter = Ij(mm) 

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

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

Plate Assessment of: NHS dilution D 

Anti - C1q precipitate undiluted NHS 1 

Anti - C1q supernatant 5/6 dilution 5/6 

Anti - 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 

S d Standard area of precipitation = A=rr(—) - tt(— 

4 - - 4 - ) 
T J 2 d 2 

Unknown area of precipitation = X = TT(—g"") -

:: / P 2 • 42 i x - 4 / 

And so, the ratio — represents an expression for the relative amount 

of antigen in PEG pellet compared with "standard" normal human serum. 
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A computer program was constructed to calculate this, iEjy 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 (Clq, IgG, indicated positive IC. The parameters of 

normal sera are shown in Tables 2.1 and 2,2, 



Table 2.1 PEG PRECIPITATION 

Here are some fairly arbitrary values 
normal people: 

56. 

to represent those given by 

UPPER LIMITS OE NORMAL = mean + 2 SD's 

1) In terms of % 1) In terms of % 
mean SD TJLN 

C1q 22 15 52 

IgG 0.39 0.15 0.69 

IgM 2.22 1.75 5.72 

IgA. - lower limit 
0 
of sensitivity -
.18% 

2) In terns of concentration 

C1q 44yg 3 Opg 104pg 

IgG 39ug 15yg 69yg 
all 

im 44yg 35ug 114yg from 

IgA. - lower limit of sensitivity -
1 ml 

11.2 - 32yg 

Table 2.2 SEROM MUNOGLOHJLINS M D COMPLEMENT COMPONENTS 

SERUM 3MMONO GLO HJLINS 
In tenns of % 

mean SD mean ± SD mean ± 2SD 

IgG 86 15 7 1 — 101 

im 92 26 66 - 118. 

IgA. 146 52 94 - 198 (J ) 
COMPLEMENT COMPONENTS etc 

C1q 110 9 101 - 119 92 - 128 

C3 101 11 90 - 112 79 - 123 

CH50 99 9 90 - 108 81 - 117 

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

C1q. - 200yg/ml 
IgG - 10mg/ml 
I&L - 2mg/ml 
IgA - 1.4 - 4.0mg/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. 



Estimation of C5 

Serum C3 was measured by single radial immunodiffusion, using 

the technique 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 yl of each studied serum was put in each well, and 5 pi of 

nozmal 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 Gross-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-combine 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 dependent 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. 
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Solid Baase Radioimmunoassay (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 contacts were studied. These sera 

were provided by University College Hospital, St. Maryfs 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 nil 

aliquots at -70°C till used. 

2. PEG: Prepared as described previously. 

3» BBS: Prepared as described previously. 

4. 0.1 M glycine/gCl buffer pH 5.1 

0.1 M glycine/HCl buffer made up from: 

856 ml solution A + 144 nil solution B + 0.1 ml phenol 

red/distilled water solution. The pH was adjusted to 

3.1 with 10 N sodium hydroxide. 

Solution A: O.lMglycine in 0.1 N sodium chloride made up from: 

7*5 g glycine (Hopkin and Williams Ltd.) 
5.86 g sodium chloride (Pisons Ltd.) in 1 litre distilled water. 

Solution B: 0.1 N hydrochloric acid made up from: 

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

Phenol red and sodium hydroxide were purchased from BEE Limited. 

10 N sodiiro hydroxide: * made up from: 

400 g sodium hydroxide NaOH in 1 litre distilled water. 
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5. 0.2 M Phosphate Buffer T?H 7.2 

made up from: 280 ml 0.2 M NaH^PO^ 

720 ml 0.2 M N a ^ PO^ 

pH to "be adjusted to 7.2 with 0.1 N hydrochloric acid, 

0.2 M NaHoPQp m a d e UP from: 

31.2 g NaJH^O^ 2Hg0 sodium dihydrogen orthophosphate hydrated 

(Hopkins and Williams) in 1 litre distilled water. 

0.2 M Na^H P0^: made up from: 

28.39 g Na^H P0^ disodium hydrogen orthrophsphate (EEH Chemicals 

Ltd.) in 1 litre distilled water. 

0.5 H phosphate buffer pH 7.3 

made up from: 280 ml 0.5 M NaH^PO^ 

720 ml 0.5 M Na2H PO^ 

pH to be adjusted to 7*5 

7. Phosphate buffered saline (PBS) 

40 ml 0.2 M phosphate pH 7.2 + 17 g sodium chloride in 2 litres 

of distilled water 

8. 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 

9. Chloramine T solution: 

made up just before use from: 

50 mg chloramine T (BDH Chemical Ltd.) 

2 ml 0.5 M phosphate pH 7.5 

10. Sodium metabisulphite solution 

made up just before use from: 

40 mg "sodium 3VEetabisulphite (BDH Chemical Ltd.) 

2 ml 0.5 M phosphate pH 7.5 

11. 1 ̂ Iodine 

1 2 5 (Na I Radiochemical Centre. Amersham) 
125 7 

The Na solution was diluted with PBS to give 1.8 x 10' count 

per minute per 10 jol. 



9 0 . 

12. Normal Equine Serum (NES) 

(Wellcome Reagents Ltd.) 

13. Autoanalyzer cup 

(Conical Cup LS.127 Altec Ltd,) 

Methods 

1. Isolation 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 Bambuyant et al 

(1979) a modification of the procedure worked out by Hunter (1973) • 

100 pi of the IC solution was mixed with 10 -pi of 12^I(1.8 x 10^cpm) 

20 JJLL chloramine T (EDH Chemicals Ltd.) in 0.5 M phosphate buffer 

pH 7.5 was added, and after 4-5 seconds, the reaction was stopped by 

adding 100 pi 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 radioactive 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. 

3. Cross reaction assay 

10 pi volumes of the IC solution was coated onto plastic autoanalyzer 

cups in 1 ml 0.1 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 0.9% 

NaCl solution, 1 ml of 1% normal horse serum in 0.1 M gly-HCl pH 3.1 

125 

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

were added in columns. Neutralization to pH 7*5 by the addition of 
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NaOH/Na^H PO^ buffer was carried out after a further 20 minutes. 

The volume of NaOH/Na^H P0^ 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 

125 
the amount of I-labelled complex bound to the coated tubes. 

Calculation and presentation of results: 

Percentage binding was calculated using a computer program which 

worked it out as shown below: 

(radioactivity bound CPM - radioactivity uncoated Cup) 
X 100 

(radioactivity 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 columns 

related to each labelled complex added to the cups. Values were 

considered not significant if they were less than 2 S.D. 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, 4979)-
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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. In 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 lOmM 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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Gross-Reaction "by the Delayed Technique 

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

and the circulating immune complexes of the patients. 

Materials 

1 • Patients* sera. After clotting, sera were stored in 5 ml aliquots 

at - ?0°C till used. 

2. Donor*s sera. As above. 

3. Anti IgG - Mancini gel preparation. 

4. 60 mM EDTA pH 7.6. 

5. BBS. 

6. Polystyrene tubes (LP3 Luckham Limited, Sussex) 

7. Working PEG. 

8. Washing PEG. 

Methods 

20 yl of the donor serum was mixed with 80 yl of the patient's serum. 

20 yl of 60 mM EDTA. pH 7.6 was added to each tube and the mixture was 

kept in +4°C for six days. 100 yl of each of the patient's and donor's 

samples unmixed were also studied in the same way. On the sixth day 

20 yl 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°0). The supernatants were discarded and the precipitates 

were washed once with 1 ml of washing PEG (2%), and then spun as above 

(1000 x g; 20 minutes, +4°C), TIhe wash was discarded and the pellet 

redissolved in 100 yl of BBS. 

The IgG fraction that had been precipitated in each pellet was 

estimated by SRID. 



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. In 

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. In 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 IgG. 
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Rheumatoid Factor •Binding' Assay-

Materials 

1. Sera; Sera from patients with pericarditis were provided by 

Freeman Hospital or Royal Victoria Infirmary, Newcastle-upon-

Tyne, Other studied sera were taken from patients with various 

IC diseases and their family contacts, 

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

As described previously. 

3. Isolation of rheumatoid factor used: 

a) Starting 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 RP(GRF): A solution previously prepared 

by a standard Ife^SO^ precipitation method was stored in aliquots 

at -70°C. 

4. Analysis of HF solutions obtained: 

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

quantitative colorimetric method of assaying protein solutions (Kabat 

and Mayer? 1961). 

a)Bovine serum albumin (BSA): A standard protein solution was made up 

containing 5 mg/ml BSA in BBS, and various dilutions^made from this 

stock 

Were-

b)Biuret reagent contained: ^g Sodium-potassium tartrate 

3g Hydrated copper (il) sulphate 

5g Potassium iodide 
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c) HF solutions: were suitably diluted to a final volume of 1 ml with 

0.5 M NaffiXy 

Method 

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

NaHCO-, was added 1.5 ml biuret reagent. The solutions were mixed and 

incubated at + 37°C for 30 minutes. The O D ^ Q was then read on a Gilford 

4N spectrometer. The amount of protein in the HP solution was calculated 

from the calibration curve constructed by measuring the OD^Q of various 

dilutions of the standard protein in (BSA) solution. The GKF stock was 

found to contain 3*24 mg/ml. 

5. Labelling of rheumatoid factor: 

"Using the method of Dambuyant et al (1979), but with the following 

modifications: 

IgG HP: 10 yl IgG HP : BBS 10:100 diluted stock 

+10 pi (1.8 x ID? counts/min) made up to 330 pi 

+20 pi Chloramine T ^ with PBS after dialysis 

+100 pi Sodium metabisulphite ) 

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

before use. 

Hheumatoid factor binding assay method: 

20 pi of the donor's serum was mixed with 80 yl of the patient's serum in 

duplicate polystyrene tubes (LP3). The contents were mixed and left at 

+37°0 for 1 hour. 100 pi of each of the patient and donor samples 

unmixed were also studied and treated in the same way. 

20 pi of 12% PEG and 10 yl 1 2 5I-EP were then added to each tube and 

the contents mixed and left overnight at +4°0. 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 EBTA pH 7o6 and the contents mixed, then spun as above, and the 



supernatants discarded. The precipitate was re-suspended in 0.5 ml 

BBS and counted in a gamma spectrometer (Nuclear Enterprises No. 8511) 

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 results: 

Positive binding in the mixture would be defined as a significant 

increase over the expected value. 

125 Expected value = 0.8 (percent I-RF bound to recipient's serum) + 

*i o R 
+0.2 (percent IHEF 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. -



Plasma Treatment 

Plasma treatment was performed by transfusing one unit or more of 

plasma from a suitable donor to the patient. Suitability was defined 
ild 

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

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

the delayed technique was also studied. 

Materials and method: 

Patient: Patients with various immune complex diseases or with infectious 

diseases were transfused with plasma from their close relatives 

(including spouse). 

Donors: Suitability was assessed by RIA technique using serum sample 

taken from the family of patients. All donors were Australia 

Antigen negative 

Follow up: 1. Clinical observation before and after plasma infusion. 

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

infusion. 

N.B. 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 OP THE TREATED PATIENTS 

.Patient's 
name 

Sex Disease Donor 

SG F m son 

TH M m father 

MO F EM son 

JS M EM FFP 

FA F SLE (pp) 

Wl F SLE brother 

m F SLE (PP) 

FB M VG, FGN •wife 

IJ F MCTD, cutaneous vasculitis FFP 

ET M Hh. Arth., renal vasculitis brother 

FL F I TP, cutaneous vasculitis sons 

M M Allergic vasculitis wife 

FP F Cutaneous vasculitis brother & sister 

ICR F PAN husband 

HZ M Active hepatitis & renal & cutaneous 
vasculitis son & daughter 

LB F FPGN husband 

KG F FGN sister 

SAH M MCGN father 

LP M MCGN daughter 

W M FPGN daughter 

JG F Chronic pericarditis husband 

SH F Chronic pericarditis husband 

MS F Chronic pericarditis immunoglobulin 

J¥ F Chronic pericarditis husband 

Keyj EM = Erythema multiforme. SLE = Systemic lupus erythematosus. 

VG = Wegener's granulomatosis. POT = Focal glomerulonephritis. 

MCTD = Mixed connective tissue disease. Hh.Arth. = Hheumatoid arthritis. 

I TP = Idiopathic thrombocytopenic purpura. PAN = Polyarteritis nodosa. 

FPGN" = Focal proliferative GET. MOOT = Mesangiocapillary GN. 

FFP = Fresh frozen plasma. PP = Plasmapheresis. 



99. 

CHAPTER THREE 

RESULTS 



100. 

Composition of Immune Complexes in Infectious ^Diseases 

For comparison, 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 taken from patients with various diseases were analysed. 

Table 3»1 below shows the range of diseases which these sera 

represent. 

c. 13 sera from patients with systemic lupus erythematosus, 60 sera 

from patients with subacute bacterial endocarditis and 29 sera 

from patients with ankylosing spondylitis were also studied 

and compared with the above sera. 

The composition of immune complexes in sera studied are shown in Table 3*2. 



Table 3.1 -COMPARISON OF 230 SERA USED IN STUDY 101. 

Diagnosis 
No. of 
serum 

samples 
Diagnosis 

No. of 
serum 

samples 

Vasculitis 13 PUO 3 

Renal Failure 21 Dermatitis Herpetifomis 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 Cryo gl obulinaemia 4 

Mye loma/l ymphoma 3 Rheumatic fever 

Others 

2 
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Table 3 . 2 COMPOSITION OF IMMUNE COMPLEXES IN SERA. STUDIED 

Complex 
contains Pericarditis All other 

sera SLE SEE AS 

58.7 (+) 68.3 53.9 72.7 75.0 

H other 
61.2 (+) 50.3 69.2 61.4 25.0 

Tcr^) D < components 51.3 (*) 71.4 92.3 75.0 87.5 

I S&1 52.9 (NS) 49.7 61.5 56.8 31.3 

Ig/L but not IgG 28.1 (*) 11.8 0 6.8 0 

IgG but not I&l 18.2 (*) 31.7 32.1 20.5 62.5 
IgG and IgM 33.1 (±) 39.8 69.2 54.6 25.0 
10! only 19.8 (*) 7.5 0 6.8 0 

IgG only 10.8 (*) 19.9 7.7 4.6 50.0 
IgA. only 15.7 (±) 9.3 7.7 9.1 0 

Number of 
immune complex 
positive sera 
analysed 

242 161 13 44 16 

KEY: SEE = subacute bacterial endocarditis 
SLE = systemic lupus erythematosus 
AS = ankylosing spondylitis 
Values represent proportions (%) of .immune complex positive sera 

Statistically significant difference using Student's t-test (bet-ween 
"pericarditis" and "all other sera") 
+ p <0.01; + p <0.05; *"p<0.001; NS = not significant 



The proportion of sera which were positive for immune complexes in 

each disease group is shown in Table 3.3* 

TABLE 3.3 PROPORTION OP SERA CONTAINING IMMUNE COMPLEXES: 

Diagnosis 
total no. of 
sera tested 

No. of 
TC + ve sera 

% sera + ve 
for IC 

Pericarditis 333 242 68.5 

All other sera 230 161 70 

SBE 60 44 73 

SLE 13 13 100 

Ankylosing spondylitis 29 . 16 ... . 35.1 

The following observations can be summarised from the previous data: 

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

complexes in the pericarditis group (p <0,01)• This is probably-

due to the increase in "I^yf-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 C1q in pericarditis complexes is significantly less 

than in other studied sera (p<0.0l). 

N.B. - C1q levels in circulating complexes in patients with SLE are lower 

than the other sera studied, because they represent the fraction 

of normal C1q levels precipitated in SLE. "Where total C1q levels 

are low, the fraction of patient C1q which 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 sera from patients with polycystic kidney, 

systemic lupus erythematosus, tuberculosis, sarcoidosis and dennatomyositis 

were precipitated with polyethylene glycol (PEG). The antigenic cross-

reactions between samples were studied by the method of Dambuyant et al 

(1979)• The technique used has been described earlier. Statistically 

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

a. Experiment with sera of polycystic kidney patients: 

5 Samples from patients with polycystic kidney were studied. The 

dissolved pellets were used to coat a series of cups. The same pellets 

after iodination were added to test the cross-reactivity between each 

other. A two—-dimensional matrix was constructed in which the horizontal 

rows related to each complex used to coat a cup, and the vertical columns 

related to each labelled complex added to the cups. The cross-reaction 

results are shown in Pig. 3.1. I have found greater than 0.5% binding 

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

b. Experiment with sera of patients with systemic lupus erythematosus: 

The cross-reactions found within the whole systemic lupus erythematosus 

group are shown in Pig. 3*2. I have found greater than 0.5% binding in 6} 

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

c. Experiment with sera of patients with tuberculosis: 

Cross-reactions of 24 labelled complexes 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. I have found greater 

than 0.5% binding in 37 of the 169 cross-reactions performed (21.8% of 

all reactions). 

e. Tuberculosis and Sarcoidosis: 

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 dermatomyositis: 

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 percentage of positive 

reactions within various disease groups are shown for comparison in Fig. 3.7-

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. 
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1 2 3 4 5 

Fig 3.1 
Cross-reactions between complexes 
of polycystic kidney patients 

14 15 16 

1 2 3 4 5 6 7 8 9 I 
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Pig 3 .2 

Cross-reactions within SLE disease group 

N = normal 
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Fig 3.3 
Cross-reactions between complexes of tuberculosis patients 
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Fig 3.4 
Cross-reactions between complexes of 
sarcoidosis (Sa) patients 
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Sa 
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J, 
Fig 3 .5 
Cross-reactions between complexes of tuberculosis and sarcoidosis patients 

1 2 3 4 5 6 7 8 9 10 11 

1 2 3 4 5 Pericarditis 

1 
2 
3 

4 

5 

6 
7 

8 

9 

10 

Hyper/ 
Haem 

1 2 3 4 5 6 7 8 

1 2 3 4 5 6 Bullous 
pemphigoid 

Fig 3 .6 
Cross-reactions within four disease groups. Behcet = patients with Behcet's syndrome 
Pericarditis = patients with pericarditis. Hyper/Haem = patients with hypertension 
and haematuria. Bullous pemphigoid = patients with Bullous pemphigoid. 
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Total no of 
reactions 64 36 25 175 121 169 696 416 9 

100 

Hyper Bullous Pol. k SLE Behcet Sa Tb Peri Derm 
Heam P. 

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 — Dermatomyositis 
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Cross-Reaction "by the Delayed Technique 

This technique has been developed recently in our laboratory, 

and we started to use it to study the cross-reaction between the 

patient's immune complexes and the donor
T

s sera. 

This method' is more specific for IgG- complexes, and some positive 

results were correlated with RIA positive results in certain patients 

e.g. F.B., K.R., F.P. etc. 
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liheumatoid 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. 

a. Donor-recipient sera interaction: 

1:4 mixture of donor/recipient sera were studied. 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. Experiment with sera of pericarditis patients: 

1:4 mixture of nomal-pericarditis sera were studied as above. 

The results are shown in Tables 3*5* 3*6 and 3*1* 
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Table 3.4 DONOR-RECIPIENT INTERACTION RESULTS. 

1. Patient LP 27 21. Patient RJ 9.8 

2. Donor MP 32 22. Donor WJ 15 

3. Mixture 18 23. Mixture 9.7 

4. Expected 28 24. Expected 10.8 

5. Patient EP 27 25. Patient Wl 30 

6. Donor AP 31 26. Donor Jl 29.2 

7. Mixture 29.8 27. Mixture 23 

8. Expected 27.8 28. Expected 29.8 

9. Patient WW 30.5 29. Patient KR 7.7 

; 10. Donor JW 22 30. Donor JR 22 

11. Mixture 15 31. Mixture 

12. Expected 28.2 

CM
 Expected 10.2 

13. Patient SAH 23 35. Patient BA. 11.3 

14. Donor SA 18 34. Donor PA 11.4 

15. Mixture 20.5 35. Mixture 15 

16. Expected 22 56. Expected 11.3 

17. Patient DB 10 37. Patient KG 15 

18. Donor NB 19.3 38. Donor EP 18.5 

19. Mixture 5.8 39. Mixture 17 

20. Expected 11.9 40. Expected 15.7 

^ p r 
N.B. (1) Values represent percentage I-HF "bound to each sample 

studied. 

(2) Expected values = 

0.8(% "^I-RE bound to recipient's serum) + 0.2(%
 1 2

^I-RE 
bound to donor's serum) 

(3) Positive bindings are underlined. 
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Table 3.5 PERICARDITIS HDCTUEES ASSAY RESULTS (see also Tables 3*6 and. 3.7) 

P1 P2 P3 P4 "P5 alone' 

N1 7.5 11.5 16.5 7 6.8 13 

N2 6.2 8.5 7.8 7.5 13.9 9.3 

N3 9.4 6.6 10.9 11.7 9.8 5.9 

M 9.5 7 ill 7.8 J M 8.3 

N5 6.3 14.3 6.7 6.2 6.9 8 

alone 14.7 13.6 6.1 7.3 6.1 

Table 3.6. 

P6 P7 P8 P9 P10 P11 P12 P13 alone 

U6 12.1 22.5 3.5 17 10.6 7.5 5.7 5.1 

N7 K L 8.5 8.4 9.3 16 11.2 4.3 4.5 4.2 

N8 M 9 3.1 10.5 9.2 7^3 10.8 6.4 3.1 

N9 5.7 5.3 5.6 5.4 13.8 7.3 8.8 5 7.7 

N10 10.6 5.2 25.5 8.5 14.4 12 10.5 18 3 

alone 6.4 11.5 14.9 12.7 27 24 19 14.1 

Table 3.7. 

- P14 P15 P16 . P17 alone 

N11 11.6 8.8 8.6 10.2 10.6 

N12 14.3 6.8 5.2 7.2 8.4 

N13 6.2 8.4 7 8.9 12.2 

F14 14.2 6.1 5 3.6 19.2 

alone 12 19 13 15 

N.B. The positive bindings are underlined 

Key: P = pericarditis 

N = normal 



Patient Studies 

Patient S.G. Case 1 

This 45 year old female had had recurrent attacks of erythema 

multiforme cnher foreann, hands, feet and buccal mucosa since 1977• 

Each attack was usually preceded "by herpes simplex on her lips. Since 

her illness 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. 

In ve s ti gati ons: 
Q 

Hb 14g/l0Qml, WBC 6.5 x 10
7

/l, blood virology negative. Other 

immunological investigations are shown in Table 3*8. 

Table 3.8 COMPLEMENT AM) IC LATA. BEFORE AND AFTER TRANSFUSION 

PATIENT S.G. % normal PEG Pre cipi table (%) 

date C3 CH50 C1q IgG im IgA. 

15. 5.80 1 hour Pre T1 

2. 6.80 17 days Post T1 

3. 7.80 48 days Post T1 

16.10.80 1 day Pre Ig inj.1 

30.10.80 13 days post Ig 
inj.1 

100 NL 

96 98 

95 16 

88 86 

82 JO 

m 1.09 3.74 + 

NL 0.4 5.48 

NL 0.54 6.90 -

22.3 0.2 2.9 

13.2 0.16 2.76 -

N.B. - Abnormal values of C3 and CH50 in all tables are underlined 

- Complexed C1q, IgG and IgM; in all tables are underlined 

- NL = Not Lone 

- T = Transfusion 

Cross-reaction results: The donors: (1) S.G.(son), (2) J.G.(dau^iter)* 

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. S.G.(son) J.G. 
• -

0.98 2.6 0.43 alone'. 

S.G. hi 2.1 mixture 

1.3 0.97 ejected 

N.B. - Positive reactions in all tables are underlined 

Results of treatment: 

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 infusion. 10/L 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. 

Patient T.H. Case 2 

This year old male had had recurrent attacks of erythema 

multiforme on hrs. 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 infused with 1 unit of plasma 

from his father E.H. on 10.1.80. 



Table 3.10 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION 

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

date C3 CH50 C1q IgG I^T IgA 

20. 9.79 110 days Pre T 

25.10.79 75 days Pre T 

2.11.79 68 days Pre T 

10. 1.80 30
f

 Pre T 

4. 3.80 54 days Post T 

.17. 3.80 67 days Post-T 

98 22 

100 64 

98 104 

78 130 

98 22. 

-114 104 

6.8 0.35 0.6 

0 0.1 0 -

ND 0.62 7^6 + 

29.9 0.31 3.9 

36.7 0.3 3.9 

0 0.26 0 

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

1, The cross-reaction between the patient and the donor by REA is 

shown in Table 3.11. 

Table 3.11 CROSS-EEACTION BY RIA 

F.H. n o m a l 

T.H. 0.55 -ve 

N.B. - T.H, is the labelled sample 

- Positive 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 e^ected 

1.8 1.3 T 1.7 

Results of treatment: 

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 

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 5 

This 40 year old female had had recurrent attacks of erythema 

multiforme cn her hands and feet since 1978. These were usually 

preceded by herpes 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.O.) on 24.4.80. 

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 3.13* 

Table 3.13 COMPLIMENT AND IC DATA SEED EE AND AFTER TRANSITION 

PATIENT M.O. % normal PEG Pre cipi table (%) 

date ~ C3 CH50 C1q IgG Î yr IgA 

10. 7.79 284 days Pre T 

4. 1.80 110 days Pre T 

1. 2.80 83 days Pre T 

3. 5.80 . 9 days Post T 

107 91 

112 106 

110 126 

190 85 

35.5 0.5 6/7 

11 2.27 0 

16.5 0.21 3.53 -

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 3.14. 

Table 3.14 CROSS-REACTION BY DELAYED TECHNIQUE 

M.O. P.O. Mixture expected 

0.82 1. T8 M 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 Ttebruaiy 1981, 

Patient J.S. Case 4 

This 25 year old male had had recurrent attacks of erythema 

multifoime on his hands and feet since 1973* He continued to have 

acute attacks of eiythematous rashes three times a year. He was treated 

with prednisolone and intramuscular injections of ACTH. The patient 

was infused with 1 pint of fresh frozen plasma on 7.5.80. 

Investigations: , 

WBC 7.9 x 10
9

/1, RBC 5.3 x 10
1 2

/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 AMD . IC DATA BEFORE AND AFTER TRANSFUSION 

PATIENT J.S. % normal PEG Pre cipitable (%) 

date C3 CH50 C1q IgG I m XgA 

6. 3.80 1 day Pre T 

12. 3.80 5 days Post T 

20. 3.80 13 days Post T 

11. 6.80 94 days Post T 

25. 6
o
80 108_days Post T 

98 96 

120 114 

117 100 

92 90 

102 80 

55.4 0.38 4.26 -

67.2 • 0.55 11.3 

16.8 0.33 3 

ND. 0.28 1.37 

_ ND 0.28 3^13 

Cross-reaction results: 

The cross-reaction between the patient and the fresh frozen plasma 

by the delayed technique is shown in Table 3.1 

Table 3.16 CROSS-REACTION BY DELAYED TECHNIQUE 

J . So JFIFP Mixture expected 

1.77 2.16 M l 1.84 
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Results of treatment: 

There was no clinical benefit from the infusion. IgM complexes 

were found, "by 5 days post infusion and then disappeared. 01 q in circulating 

complexes disappeared by 13 days. 

Patient A. Case 5 

This 24 year old female with lupus nephritis had had polyarthritis, 

rashes over the face and the arms and hypertension since 1975* 

Azathioprine and prednisolone did not control her symptoms. The 

patient was treated with plasmapheresis on C1.10.75). 

Investigations: 

Plasma creatinine 167 Vtaol/1, ANF positive, UNA binding 33 units/ml, 

24 hour urinary protein 12 g. Other immunological investigations are 

shown in Table 3.17* 

Results of plasmapheresis: 

Six plasmaphereses with plasma protein fraction (PPI
1

) 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, 01 q. in circulating complexes fell after some 

exchanges, 03 and CH50 levels remained low (lig.'3«8). She relapsed 

after 8 weeks and 3 exchanges in 8 weeks with fresh frozen plasma (ZFP) 

were performed. 03 levels rose to normal. 01 q 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 (lig.3.8). Two months later she died in hypertensive heart failure. 
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Table 3.17 COMPLEMENT AND IC DATA BEFORE AND AFTER PLASMAPHERESIS 

PATIENT F.A. % normal PEG Pre'cipi table (%) 

date C3 CH50 CTq" IgG " 

1. 10.75 Pre PP1 12 12^2 42.5 h i 
1. 10.75 Post PP1 12 ND 37.8 h i 
6. 10.75 Pre PP2 29 2i4 624 1.8 

6. 10.75 Post PP2 18 111 29 0.8 

9. 10.75 Pre PP3 ' S 111 29.75 111 

9. 10.75 Post PP3 16 10 37.8 111 

(No immediate .pre PP4 .sample available ) 

15. 10.75 Post PP4 4 1 h i 40 0.85 

22. 10.75 Pre PP5 14 1 M 12 111 

22. 10.75 Post PP5 42 0 90.75 0.85 

24.10.75 Pre PP6 19.2 90.75 1.86 

24.10.75 Post PP6 42 13.1 76.1 1.15 

10. 12.75 Pre PP7 ND ND 22 1.31 

10. 12.75 Post FP7 ND ND 56.4 0.58 

'9. 2.76 Pre PP8 1 1 12 91.25 1.83 

9. 2.76 Post PP8 ND ND 77.4 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. 2.7 6 Pre PP9 89 4 1 27.8 0.43 

12. 2.76 Post PP9 86 82 14.4 O.65 

13. 2.76 Post PP9 79 l i 43.8 0.5 

13. 2.76 Post PP9 84 21 27.8 0.55 

15. 2.76 Post PP9 Ik 18 34.4 0.35 

16. 2.76 Post PP9 79 1_8 34.4 0.5 

17. 2.76 84 21 41.35 1 

15. 3.76 ND 15 23.35 Oil 

23. 3.76 12 12 65.85 1.61 

3. 4.76 62 SI 68.75 1.J2 

8. 4.76 54 14 66.7 1.32 

10. 4.76 48 29 69.5 2.7? 
11. 4.76 Pre PP10 4 1 18 0 0.38 

12. 4.76 Post PP10 46 20 39 ll11 

13. 4.76 Post PP10 79 1 1 34.5 1.03 

14. 4.76 Post PP10 92 81 61.5 0.7 

/ contd.•• 
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Table 3,17 COMPLEMENT AND IC DATA. SEICHE AND AFTER PLASMAPHERESIS (Contd. ) 

I % normal PEG Precipitable (%) 

date 03 CH50 C1q; IgG 

17. 4.76 41 54 1.08 

18. 4.76 55 51 19.5 2^5. 

19. 4.76 Pre PP11 M 5i 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 5£ 11 36.5 0.54 

23. 4.76 Post PP12 4Z 15 14 0.25 

24. 4.76 Pre PP13 52 45 31 0.59 

24. 4.76 Post PP13 M 19 0.25 

26. 4.76 Pre PP14 §1 18 40 0.55 

26. 4.76 Post PP14 49 15 12.5 0.20 

27. 4.76 Pre PP15 50 15 23.5 0.30 

27v 4.76 Post PP15 45 15 14 0.25 

28. 4.76 | 51 0 0.23 

29. 4.76 45 54 10.4 0.21 

30. 4«76 41 51 50.3 0.23 

3. 5.76 52 59 61 0.46 

6. 5.76 6i_ 42 0.39 

11. 5.76 j 11 59 0.46 

N.B. - PP = Plasmapheresis 
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Fig 3.8 
Complement and circulating complexes before and after treatment 
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Patient P.M. Case 6 

This 31 year old female from the Philippines was acinitted to U.C.H. 

on 15.10.77 with a ten day histozy 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 (mesangiocapillazy 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 on two occasions (19.1.79 

and 50.4.79) with plasma from her brother (M.H.). 

On .examination: 

CNS and CVS n o m a l . Chest clear. BP 140/95 nim Hg. No rashes. 

Oedema of aims, legs, abdomen and face. 

Investigations s 

WBC 3900/mm
5

, Hb 12.3 g/100 ml, ESR 57, platelets 146,000, urea 

20.7 mmol/l, plasma creatinine 140 ymol/L, total plasma protein 38 g/l, 

albumin 21 g/l, globulin 17 g/l> creatinine clearance 44 ml/minute, 

AS0 less than 200 units, M P was "negative but later became positive, 

Australia antigen negative, MSU sterile but contained moderate numbers 

of RBC, 24 hour urine protein excretion 5 g* M A binding became 40 units/ml 

by the end of 1978. Other immunological investigations are shown in 

Table 3*18. 
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Table 3.18 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION: 

PATIENT F.M. °/o nounal 
_ 

PEG- Pre cipi table (%) 

date C3 CH50 C1q IgG 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' 0 8.5 0.65 ND ND 

24.11.77 14 days Post BT 1 1 0 21.5 1.07 ND ND 

28.11.77 18 days Post BT 1 1 0 35 ND ND 

16.12.77 36 days Post BT 12. 0 59 0.82 ND ND 

30. 1.78 50 days Post BT' 87 105 12 0.65 ND -

27. 2.78 77 days Post BT 85 85 65 0.45 ND -

30.' 3.78 120 days Post BT 88 99 JO 1.14 ND + 
10." 4.78 130 days Post BT 96 88 21 h i 4 -

12. 6 . ^ 192 days Post BT" 90 95 77.5 2.2 12 -

11.10.78 98 days Pre PT1 91 60 35 0.4 0 -

12.11.78 67 days Pre PT1 1 1 20 115 1.2 1 1 -f 

13.12.78 36 days Pre PT1 61 12 17 0.5 1.7 + 
14.12.78 35 days Pre PT1 5£ 12 54 0.2 2.1 + 
26. 1.79 7 days Post PT1 2 1 100 22 0.5 1.3 + 
9. 4.79 21 days Pre PT2 86 90 50.7 1.2 1 + 
10. 4.79 20 days Pre PT2 89 102 62.9 1.1 5.5 -

11. 4.79 19 days Pre PT2 85 60 51 0.9? 5.8 + 
30. 4.79 30' Pre PT2 102 12 44 O.87 5 -

30. 4.79 30' Post PT2 SL 12 10.2 0.77 2.9 -

3. 5.79 3 days Post PT2 66 12 54 0.8 5.6 + 

9. 5.79 9 days Post PT2 l l 12 54 1 5.9 + 
18. 5.79 18 days Post PT2 SL 12 £ 1 M 2 5.4 -

21. 5.79 21 days Post PT2 JO 56 47 0.44 2.6 + 

29. 5.79 29 days Post PT2 82 22 68 0.81 5.7 -

12. 6.79 42 days Post PT2 81 96 47 0.2 5.8 - I 1 
14. 6.79 44 days Post PT2 JO 21 0.5 1.9 ± ! 
25." 6.79 55 days Post PT2 " 80 120 71.? 0.47 3.8 t 

N.B. - BT = Blood Transfusion 

- PT = Plasma Transfusion 



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

a. The cross-reactions between the patient and the donors by EIA are 

shown in Table 3.19* 

Table 3.19 CROSS-REACTIONS BY EIA: 

- P.M. M.M. A.M. 

P.M. 6.8 hi -ve 

M.M. 4-2 1.1 

A.M. 2.9 -ve -ve 

J.B.K. (normal) £•2 -ve -ve 

A'."K. (normal) -ve ND ND 

N.B. - The horizontal rows related to each sample used to 

coat a cup, and the vertical columns related to 

each labelled complex added to 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 treatment: 

On admission the patient's renal function was poor. Generalized 

oedema was present. Urinary output was low. She was treated with 

diuretics and infused with 2 pints of stored blood (10.11.77)> after 

which she had developed diuresis, oedema was gradually resolved and 

renal function began 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. Immune complex levels remained 

undetectable, CH50 and C3 levels returned to normal (Hg.3.9 ). The 

second relapse was treated with 1 pint of plasma (30.4-79) but she did 

not respond. Pour months later she died of septicaemia. 
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Fig 3.9 
Complement and circulating complexes before and after treatment 



Patient W.N. Case 7 

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: 

M P +ve, M A binding 32 units/ml, LE cells positive. Other 

immunological investigations are shown in [Table 3*20. 

Results of plasmapheresis: 

PLve exchanges with plasma protein fraction reduced her pain but 

morning stiffness did not improve. Complement and immune complex 

levels fell after exchange. Pour weeks later four plasmaphereses 

were perfomed with fresh frozen plasma (PPP). After the treatment 

morning stiffness subsided, CH50 levels rose, and C1q. and IgG complex 

levels fell (Pig.3.10). Malaise returned after one month and she 

relapsed after three months. 



Table 3.20 COMPLEMENT AND IC DATA. EEPOEE AND AFTER PLASMAPHERESIS 

PATIENT W.M. % normal PEG Precipitable (%)
 1 

date C3 CH50 C1q IgG 

8.12.75 • Pre PP1 90 53.6 0.5 

14. 1.76 Pre PP1 79 132 68 0.65 

(no- immediate Post PPI'samp le available) 

28. 1.76 Pre PP2 113 168 0.51 

28. 1.76 Post PP2 §1 §1 H i i 0.37 

4. 2.76 Pre PP3 1 1 ND 30.8 0.24 

(no immediate Post PP3 samj le available) 

11." 2.76 15 1 1 39 0.75 

13- 2.76 93 71 64.4 0.55 

18. 2.76 Pre PP4 89 48 51.2 O.65 

18." 2.76 Post PP4 64 li 43.75 0.35 

25. 2.76 Ik 21 64.45 0.35 

3. 3.76 Pre PP5 93 72 87.4? 1.1 

3. 3.76 Post PP5 1 1 21 58.95 0.55 

10. 3.76 83 80 2§. 0.6 

17." 3.76 87 80 80.7 0.53 

6. 4.76 Pre PP6 94 22 100 0.9 

6. 4.76 Post PP6 92 21 65.85 0.70 

7. 4.76 Pre PP7 103 12. 2 h i 0.70 

7. 4-76 Post PP7 87 24 23 0.57 

8. 4.76 87 92 36.5 0-75. 
9. 4-76 Pre PP8 74 21 59.2 0.73 

(no immediate Post PP8 sampl e available) 

11. 4.76 92 90 78.5 1si 
12. 4.76 79 102 12 0.8 

14- 4*76 85 116 78.5 1.2 

5. 5.76 • 93 Ik 123.5 1.3 

1. 7.76 77 12 £1 1.1 

23.ll.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 P.A. and W.M. who had been studied previously 

in this department were briefly described by Mo ran, Parry, Mowbray, 

Richards and Goldstone (1977). 
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Fig 3.10 
Complement and circulating complexes before and after treatment 



Patient P.B. Case 8 

This 32 year old male with congenital deafness was admitted to 

TJ.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, for which he 

had^given prednisolone and dapsone. The patient was infused with one 

pint of plasma from his wife (P.B.) on 12.5.1980. 

On examination; 

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

There was no oedema. BP 120/80 mm Hg. CNS and CVS normal. 

Investigations: 

WBC 8.5 x 10
9

/l, EBC 3.29 x 10
1 2

/I, Hb 10.2 g/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, X^I 108 mg/100 ml, IgA 290 mg/100 ml, liver 

function tests noimal, blood urea normal, plasma creatinine normal, 

AETP negative, rheumatoid 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. 
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Table 3.21 COMPLEMENT AND IC DATA. BEFORE AND AFTER TRANSFUSION 

PATIENT F.B. % noimal PEG Precipitable (%) 

date C3 CH5 0 C1q IgG Ifipf IgA 

6. 6.75 4y, 9m Pre T 94*5 42.9 40 0.54 ND ND 

17. 7.75 4y, 8m Pre T 116 112 28.5 O.46 ND ND 

8. 8.75 4y, 7m Pre T 106 2 1 27 O.36 ND ND 

15. 10.75 4y, 5m Pre T 110 0 17 0.38 ND ND 

14. 1.76 4y, 2m Pre T 95 31 103.2 1 ND ND 

19. 1.76 4y, 2m Pre T 128 132 47.85 0.99 ND ND 

15. 3.76 4y Pre T 83 SL 65.7? 0.58 ND ND 

14." 6.76 3y, 9m Pre T 91 100 §1 0.85 ND ND 

13.12.76 3y, 3m Pre T 83 69 41 0.89 ND ND 

12." 12.77 1y, 3m Pre T 80 99 j58£ 0.65 ND ND 

6. 3.78 2y Pre T 89 91 44.5 0.45 ND ND 

2." 8.78 1 y, 7m Pre T 97 90 28.7 0-2 3.3 -

3." 3.80 9 days Pre T 106 140 79.3 0.83 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 ND 

26." 3.80 15 days Post T 117 90 18 0.87 3 + 
16. 4.80 1m, 4 days Post T 106 100 .31 0.4 0.53 + 
12. 5.80 2m Post T 100 21- ND 0.48 4.2 -

IT.B. - y = year; m = month 

Cross-reaction results: The donor: P.B. (wife) 

a. The cross-reaction between the patient and the donor by RIA 

is shown in Table 3.22. 

Table 3.22 CROSS-REACTION BY" KEA: 

P.B. P.B. A.K. (normal) 

P.B. "-ve 0.62 -ve 

N.B. - P.B- in horizontal row is the labelled sample 
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b. The cross-reaction between the patient and the donor bythe delayed 

technique is shown in Table 3.23. 

Table 3.23 CROSS-REACTION BY BELAYED TECHNIQUE: 

P.B. P.B. mixture expected 

2.5 1.64 1 2.5 

Results of treatment: 

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

developed new spots. It seems that there was no clinical benefit 

from plasma infusion. He lost his circulating complexes after 

transfusion, but his IgG complexes appeared again by 15 days (KLg. 5.11). 

Patient I.J. Case 9 

This 53 year old lady had had generalized weakness, malaise, 

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

1976. Mixed connective 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 5.5.1979. 

On examination: 

All systems were n o m a l . BP was 110/80. 

Investigations: 

RBC 3.9 x 10
1 2

/lr WBC 5.9 x 10
9

/1, Hb 12.4 g/100 ml, ESR 63, 

liver function tests and kidney function tests normal, ANE negative, 

DMA binding 10 units/ml, antibodies to ENA positive. Other immunological 

investigations are shown in Table 3»24*-
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Table 3*24 COMPLEMENT AND IC DATA DEED EE AND AFTER TRANSFUSION 

PATIENT I.J. % normal PEG Precipitable (%) 

date C3 CS50 C1q IgG I^T IgA 

26. 6.77 1y, 9m Pre T 

15. 7.77 1y, 8m Pre T 

19. 6.78 8m, 16 days Pre T' 

15.11.78 3m, 20 days Pre T 

9. 3.79 4 days Post T 

108 90 

102 110 

82 6£ 

134 50 

95 112 

65 0.82 ND ± 

15 0.65 ND 

21 hH 'LA -

62 1.86 4.2 

15 0.46 1.7 

Results of treatment: 

The patient was admitted to St. 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,, circulating immune complexes were not found. 

Patient E.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. Rheumatoid 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 performed in 1979. The patient was infused with 

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

On examination: 

C7S and CNS normal. 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. 

Investigations; 

WBC 6300/mm
5

 RBC 3-4 x TO
12

//!* ESR 24, Hb 10.3 g/100 ml, serum 

creatine 136 ymol/l, serum urea 16.9 mmol/l, creatinine clearance 

30 ml/min, cholesterol 5*6 mmol/l, BNA binding 5 U/ml, Rose-Waaler 

and antinuclear factor positive, Australia antigen negative, MSIT 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 IC DATA. BEFORE AND AFTER TRANSFUSION 

PATIENT R.J. % noimal PEG Precipitable ( 90 
date 03 CH50 C1q IgG l&L IgA 

7. 4.78 1y, 4m Pre T 96 115 19.4 0.49 J8 + 

17. 7.78 • 1y, 1m Pre T 104 94 14.8 4.2 2 1 + 

11. 9.78 11m, 10 days Pre T 104 92 20.3 4.1 22_ + 
28. 2.79 5m, 23 days Pre T 105 98 61.7 L i . ± 
9. 5.79 3m, 12 days Pre T 102 106 58.5 1.4 Ill ± 
30. 5.79 2m, 21 days Pre T ND 69 5.1 0.23 1.3 + 

25. 6.79 1m, 25 days Pre T 107 116 61.2 1.1 9.4 + 

9. 7.79 1m, 11 days Pre T 78 80 12.2 1.8 11 -

21. 8.79 30* Pre T 84' 108 51.5 1 s i 12.5 + 

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 M + 

29. 8.79 8 days Post T 98 91 §1 1.2 8.9 _ 8.79 8 days Post T 91 §1 

Cross-reaction results: The donors, (1) W.J.(brother), (2) P.J.(wife) 

1. The results of cross-re actions 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: 

R.J. P.J.. W.J. 

R.J. 0.7 1.2 1--4 

P.J. 0.2 -ve ND 

W.J. 0.5 ND -ve 

J.E.M.. (normal) -ve ND ND 

A.S. (normal -ve ND ND 

b. The cross-reaction between the patient and the donor W.J. by the 

delayed technique is shorn in Table 3.27. 

Table 3.27 CROSS-REACTION BY" THE BELAYED TECHNIQUE: 

R.J. W.J. mixture expected 

4.16 2.17 3.24 5.7 6 

Results of treatment: 

There was no clinical improvement in the patient and his kidney 

function stayed the same. He lost his IgG complexes immediately after 

the infusion for 3 days. C1q in circulating' complexes appeared after 

3 days.IgM- in circulating complexes fell immediately after the infusion 

but remained higher than the normal, and began to increase gradually 

(Eig. 3.12). 

Patient E.L. Case 11 

This 47 year old lady was admitted to St. Mary's hospital in 1967 

complaining of 7 months duration easy bruising, bleeding 2 days after 

dental extraction, heavy period for 9 months and red spots on her feet 

and aims. Idiopathic thrombocytopenic purpura was diagnosed. She had 

had a splenectomy and was treated with steroids to which azatMoprine 

was added. In 1972 hypothyroidism and pernicious 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 he 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 examinations 

RS, CHS and CVS were normal. BP 130/84 mm Hg. Bruising of the 

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

Investigations: 

WBC 6000/mm
5

, Hb 10 g/100 ml, ESS 42, PCY 43%, MCHC 30% 

kidney function tests and liver function tests normal, prothrombin time 

39 seconds with control 14 seconds, platelet counts 135,000, 11,000, 

50,000, and 120,000. on different occasions, M P negative, slide latex 

negative, DMA binding 11 Tj/ml. Other immunological investigations are 

shown in Table 5.28. 

Table 3.28 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION: 

PATIENT F.L. % noimal PEG Precipitable (%) 

date C3 CH50 C1q IgG I m IgA. 

15. 7.78 53 days Pre T 

7. 9.78 1 day Pre T 

8. 9.78 30
1

 Post T 

14. 3V79 186 days Post T 

84 97 

98 100 

93 86 

88. 104 

65 0.98 ND ND 

105 1.5 4.6 -

54 1.22 3.6 + 

6.5 0.4 5.6 + 

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. 



Table > 2 9 CROSS-REACTIONS BY BELAYED TECHNIQUE: 

E.L. P.L. J.L. W.L. 

2.5 2.05 0.51 1.64 alone 

E.L. 1.85 1.54 1.55 mixture 

2.4 2.1 2.2 expected 

Results of treatment: 

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 reported as showing features of allergic vasculitis. The eruption 

responded to a course of systemic steroidf 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 perfoimed in St, John's 

Hospital for Diseases of the Skin in 1980 suggested dermatitis herpeti-

formis-like change on the basis of linear IgA 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 CMS were normal, inspection revealed eruptions affecting 

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

Investigations: 

WBC 7700/mm^, Hh 12.4 g/ml, ESR 40, kidney function tests and 

liver function test noimal, IgG 13 g/l, IgA. 2.4 g/l, I&l 1.9 g/l, 

ANP 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 3.3O COMPLEMENT AND IC DATA. BEJPORE AND AFTER TRANSFUSION 

PATIENT R.M. % noimal PEG Precipitable (%) 

date 05 CH50 C1q IgG i m IgA 

5. 9.79 95 days Pre T1 104 40 59.3 0.76 10.8 + 

17. 10.79 53 days Pre T1 ND §1 90.2 0.94 10.8 + 
10. 12.70 30

f

 Pre T1 93 •90 1.26 13.2 + 
11. 12.79 1 day Post T1 104 J2 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 . 18.1 0.55 3.98 + 
7. 2.80 1 day Post T2 116 12 96.7 1.46 Ihl + 

11. 2.80 5 days Post T2 115 93 69.3 0.92 hi + 
13. 8.80 12 days Post T2 101 80 66 0.84 11.8 + 
25. 2'. 80 19 days Post T2 128 92 16.8 0.47 11.9 + 

29. 2.80 30
1

 Pre T3 112 11 5 M 0.61 12.7 + 

1. 3.80 2 days Post T3 112 62 63.1 0.5 12.12 + 

7. 3.80 8 days Post T3 113 1L 65.1 0.57 4.9 + 

13. 3.80 14 days Post T3 109 88 w 0.88 -12 + 

25.- 3.80 26 days Post T5 123 92 54.2 OJ35 12.5 + 

31. 3.80 32 days Post T3 102 96 19-8 0.56 20.2 + 
8* 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 + 
. . 6. 5.8.0... .67 days Post T3 125 2 i ND 1.25 M . + 

Cross-reaction results: The donorss J.M. (wife), EN, IM, IP, DHM, 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 3.51 CROSS-REACTIONS BY" RIA: 

J.M. R.N. I.P. DHM M.P. M.O. R. E. C.P. K.C. B.G. JEM (normal) 

RM 0.71 0.16 -ve -ve -ve -ve -ve -ve -ve -ve RM 0.16 -ve -ve -ve -ve -ve -ve -ve -ve 

N.B. - • EM is the labelled sample 

2. The cross-reactions between the patient and the donors by the delayed 

technique are shown in Table 3 •32. 

Table 3.32 CRQSS-REACTEONS BY "DELAYED TECHNIQUE: 

R.M. J.M. D.M. I.P. DHM M.P." R.N. M.O. R.E. 

2.63 1.77 1.94 1.94 1.77 1.37 1.33 3.63 1.94 alone 

R.M. h i 1.7 1.77 1.73 1.94 1.77 1.94 2.16 mixture 

Z.5 -2.49 2.49 2.45 2.398 "2.4 2.8. 2.49 ejected 

Result of treatment: 

There was no clinical benefit from the infusions. 

Patient E.P. Case 13 

This 59 year old lady was admitted to TJ.C.H. on 23.4*1976 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 

to a 2 week interval. The patient had a skin biopsy performed which 

showed cutaneous vasculitis of unknown origin. She was on prednisolone 

(15 nig) since 1976 to which dapsone was added in 1979. She was followed 

up in the out-patients' clinic. The patient was infused on 5 occasions 

with plasma from 1 unit each time. The first infusion was on 30.5.1979 

from her brother (A.P.), the second and third infusions were on 18.6.1979 

and 21 .3.80 from her sister (L.G.). 



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, 

C7S and CNS normal. BP 130/80 mm Hg. 

Investigations: 

WBC 3*3 x 10
9

/1, RBC 3.4 x 10
1 2

/1, Sb 11.7 g/100 ml, ESR 24. 

Kidney function tests and liver function tests normal. M P negative, 

rheumatoid factor negative, Australia antigen negative, plasma protein 

74 g/l, albumin 40 g/l, globulin 34 g/l, IgG- 11 g A > ISA- 2.3 g/l, 

IgM 1.7 g/l. Other immunological investigations are shown in Table 3.33 

Table 3.33 COMPLEMENT M B IC LATA BEFORE AND AFTER TRANSFUSION 

PATIENT F.P. % noimal PEG Preclpitable (%) 

date C3 CH50 C1q IgG i m XgA 

29. 6.76 2y, 11m Pre T1 84 ND 36.5 0.32 ND ND 

14. 2.77 2y, 3m Pre T1 98 109 0 0.25 ND ND 

30. 5.79 30' Pre T1 95 125 34.9 0.8 5 + 
30. 5.79 30' Post T1 95 91 10 0.2 1.2 -

4. 6.79 . . 4 days Post T1 95 94 8 0.5 2.17 -

11. 6.79 11 days Post T1 91 118 18.8 0.16 0.7 -

13. 6.79 13 days Post T1 105 130 41 0.65 3.8 ND 

18. 6.79 30
1

 Pre T2 100 120 48 0.4. 4.3 -

18. 6.79 30* Post T2 106 108 47 0.5 3 -

22. 6.79 4 days Post T2 115 105 31 0.85 3.2 -

CVl 6.79 9 days Post T2 102 106 46.6 0.5 3.8 -

28. 6.79 10 days Post T2 107 110 39.9 0.53 3.8 + 
5". 7.79 17 days Post T2 104 46 17.5 0.31 3.6 -

6'. 7.79 18 days Post T2 ND 40.8 0.31 3.2 ND 

9. 7.79 21 days Post T2 96 46 28.7 0.49 0.9 ND 

16. 7.79 28 days Post T2 96 100 2.3 0.23 1.5 ND 

30. 7.79 1m, 12 days Post T.2 ND ND 4.7 0.25 1.5 ND 

21. 5.80 30
f

 Post T3 108 94 4.6 0.35 0 ND 

25. 5.80 4"days Post T5 111 98 36.1 0,65 5.9 + 
21. 4.80 "1m, Post T3 103 "100 ND ' 0.5 "" 4.4 + 
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Cross-reaction results; The donors: (1) A.P.(brother),(2) L.G. (sister), 
(3) C.J. (sister). 

a. The cross-reactions between the patient and the donors by EIA are 

shown in Table 3.34. 

Table 3-34 CROSS-REACTIONS BY EIA: 

P.P. A.P. 

A.P. 0.55 0.9 

L.G. -ve 0.9 

C.J. 0.3 -ve 

J.B.K. 
(noimal) 

-ve -ve 

b. 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 BELATED TECHNIQUE: 

P.P. A.P.- L.G. 

1.64 2.05 2.52 alone 

P.P. 2.18 isSi nixture 

1.72 1.81 expected 

Results of treatment: 

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 patient started to walk freely. 

She lost her IgG complexes immediately after the first infusion (Pig.3.13). 

The spots, disappeared completely 2 days after the. second infusion 

(18.6.79)* IgG 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 (Pig.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. 



CH50 
% normal 

Complexed 
IgG 
(% total) 

Feb.77 
Jun.76 Jun.79 Jul.79 

Day 21 
Mar.80 

Fig 3.13 
CH50 and complexed IgG before and after treatment 

Day 21 
Apr.80 



Patient K.R. Case 14 

This 40 year old lady had had cutaneous vasculitis since 1970* 

She was admitted to St. Mary
f

s Hospital in 1973 for skin biopsy, and 

polyarteritis nodosa was diagnosed. She had needed hospitalization 

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 patiait 

was infused on 2 occasions with plasma from her husband (j.R.Xon 8.5*79 

and 10.10.79) from one unit each time. 

On examination; 

All systems were normal. Ulcers or evidence of healing ulcers 

could be seen on both legs. 

Investigations: 

m c 6300/mm
5

, Hb 11.6 g/100 ml, ESR 29, kidney function tests 

and liver function tests n o m a l , total plasma protein 63 g/l, albumin 

42 g/l, globulin 21 g/l, IgG 4*7 g/l, i m 0.17 g/l, IgA. 0.6 g/l, 

ANP negative, rheumatoid factor negative, Australia antigen negative, 

LE cells negative, MSU negative. Other immunological investigations 

are shown in Table 3.36. 
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Table 3.56 COMPLEMENT AND IC DATA. BEFORE AND AFTER TRANSFUSION 

PATIENT K.R. % noimal PEG Pre ci'pi table ( :°/o) 

date C3 CH50 C1q IgG im IgA 

21. 8.78 6m, 16 days Pre T1 120 120 55 0.55 — 

15. 2.79 25 days Pre T1 106 99 5 0.65 8.08 -

8. 5.79 12 hours Post T1 98 112 0 0.18 1.5 -

9. 5.79 1 day Post T1 79 120 0 0.17 1.5 -

12. 3.79 4 days Post T1 93 120 0 1.38 1.5 + 

23. 3.79 15 days Post T1 102 110 1.5 0.3. ND -

18. 4-79 1m, 10 days Post T1 88 150 10.2 0.31 1.5 -

7. 9.79 1m, • 3 days Pre T2 87 118 8.9 0.3 0 -

21. 9.79 19 days Pre T2 93 122 5.5 0.19 0.9 -

11.10.79 1 day Post T2 104 126 5.4 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 -

14-12.7-9 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 3.57 CROSS-REACTIONS BY" RIA: 

K.R.' J.R. 

K.R. 2.5 -ve 

J.R. i s l -ve 

MP(normal) -ve. -ve. 

2. The cross-reaction between the patient and the donor by the delayed 

technique is shown in Table 5*38. 

Table 3.58 CROSS-REACTION BY" DELAYED TECHNIQUE: 

K.R. J.R. mixture expected 

0.22 1.6 1.8 Q..5 



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 "to feel better". 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 

disappeared by 15 days. She lost her 1^1 complexes after infusion (Tig. 3-14). 

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.2. Case 15 

This 60 year old Iranian businessman was admitted to Wellington 

Hospital in 1979 for 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. 

He was infused with 2 units of plasma from his daughter (E.Z.) and son 

(M.Z.) in April 1979. 

On examination: 

RS, CVS and CNS were normal. 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 short 

period of remission. He was lost to follow-up from 10 days after 

the infusion. 
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Fig 3.14 
Circulating complexes before and after treatment 



Patient D.B. 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 9.4.79. 

On examination: 

RS, CNS and CVS were nonnal. BP 120/80 mm Hg. Some oedema of 

the feet was noted. • 

Investigations: 

WBC 7300/mm
5

, Hb 11.7 g/100 ml, ESR 47, plasma urea 4.8 mmol/l, 

plasma creatinine 118 iimol/L, plasma protein 55 g/l, albumin 33 g/l, 

globulin 22 g/l, IgG 3 g/l, IgA. 1.8 g/l, IgM 3.7 g/l, serum 

cholesterol 10.1 mmol/l, M P negative, UNA binding 7 units/ml, 

Australia antigen negative, rheumatoid factor negative, MSU sterile 

but contained moderate numbers of KBC. 24 Hour urine protein excretion 

was variable between 2.6 and 8 g, I "VP was normal, 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 BEFORE AND AFTER TRANSFUSION 

PATIENT D.B. % normal PEG Precipitable ( %) 

date C3 CH50 C1q. IgG IgM rgA 

3. 8.78 8m, 6 days Pre T 101 106 2£ 0.34 5.3 -

22. 8.78 7m, 17 days Pre T 83 104 16.6 0.29 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 Si. 18 0.85 L1 -

13. 12.78 5m, 26 days Pre T 98 130 29.6 0.3 7.9 -

26. 1.79 2m, 13 days Pre T 87 96 15.8 0.14 hi -

28. 2.79 1m, 11 days Pre T 94 88 15.9 0.1 hi -

6. 3.79 1m, 3 days Pre T ND ND SL 0.38 4.4 -

20. 3.79 19 days Pre T 59 99 SI 0.6 12.? -

1. 4.79 8 days Pre T 2 1 40 40.2 O.79 10 -

9. 4.79 1 hour Pre T 86 22. 40 O.64 8.9 -

11. 4.79 2 days Post T 115 60 60 0.6 11.2 -

23. 4.79 14 days Post T 78 88 4.5 0.22 1.1 -

10. 5.79 1m, 1 day Post T 77 82 54 0.5 5 -

13. 5.79 1m, 4 days Post T 99 90 10.2 0.55 3.9 -

31. 5.79 1m, 22 days Post T 99 119 8.8 0.21 2.7 -

3. 7.79 2m, 26 days Post T 80 0 2.3 0.20 5.9 -

• 
KN

 
CM

 7.79 3m, 14 days Post T 82 114 7.1 0.51 11.7 -

-14. 4.80 1y, 5 days. Post T 98 80 21.2 0.86 19J, ± 

Cross-reaction results: Ohe donors: (1) N.B. (husband), (2) E.S. (sister). 

a. Table 340 shows the results of the cross-reactions between the patient 

and the donors by RIA. 

Table 3.40 CROSS-REACTIONS BT EEA: 

:

JD.B. N.B. E.S. 

D.B. 0.5 -ve -ve 

N.Bo 0.8 -ve -ve 

E.S. 0.4 0.6 

AS (normal) -ve -ve -ve 
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"b. Tables. 3*41 and 3̂ 42 show the results of the cross-reactions between 

the patient and the donors by the delayed technique. 

Table 5.41 CROSS-REACTION BY" BELAYED TECHNIQUE: 

D.B. N.B. mixture expected 

1.03 1.4 1.07 1.104 

Table 5.42 CROSS-REACTION BY DELAYED TECHNIQUE: 

D.B. E. S. mixture expected 

1.8 2.27 1*94 1.89 

These cross-reactions in Tables -3*41 and~3.42 were, .performed on two 

different occasions. 

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-

Patient K.G. Case 17 

This 61 year old lady was admitted to U.C.H. on 3.11.75 for renal 

biopsy. She was discovered to have proteinuria eigfrt 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 25.4*79* 

On examination; 

RS, CNS and CVS were normal. BP 170/90 mm Hg. 



Investigations; 

WBC 9200/mm^, 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 mg%, IgA 195 IgH 81 mg^, rheumatoid 

slide latex negative, Australia antigen negative, ANT negative, M A 

binding 16 units/ml, MSG" negative for bacteria but contained moderate 

numbers 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 3.45* 

Table 3.43 COMPLEMENT AND IC DATA EEPOHE AND AFTER TRANSWSION 

PATIENT K.G. % normal. PEG Precipitable (%) 

date 05 CH50 C1q. "igG i m IgA. 

3. 10.77 1y, 7m Pre T 101 105 44 0.4 ND — 

30. 1.78 1y, 5m Pre T 106 114 66.5 0.7 6 ND -

20. 3.78 1y, 1m Pre T 95 121 •§1 0.62 ND -

9.10.78 6m, 14 days Pre T 109 96 . 33 O.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 • 2 5 4 0.9 3.4 + . KN 
CM

 4.7? 30 minutes Pre T 95 120 49.3 0.44 0.4 -

23. 4.79 30 minutes Post T 95 150 35.2 0.5 1.3 + 
26. 4o79 3 days Post T 106 135 5.1 0.48 1.3 -

28. 4.79 5 days Post T 98 90 24.4 M i 1.3 — 

' 3* 5.79 10 days Post T 100 135 17.5 0.42 1.3 -

10. 5.79 17 days Post T 87 79 5.1 0.48 1.3 -

21. 5.79 28 days Post T 101 120 19.9 0.45 1 -

31. 5.79 1m, 8 days Post T 100 116 18.8 0.25 1.8 -

! 7.79 2m, 16 days Post 1 107 26 25.8 0.25 0 ND 

CM
 7.79- 3m, Post T- _ 90 120 7.1 0.45 0 ND 

Cross-reaction results: The donors:(1) P.P.(sister, (2) E.V.(sister), 

(3) D.T.(sister)". 
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a. The cross-reactions between the patient and the donors by HLA. are 

shorn in Table 3-44* 

Table 3.44 CROSS-REACTIONS BY" RIA: 

F.P. D.T. E.W. J.B. (normal) 

K.G. 0.6 -ve -ve -ve
 -

N.B. - K . G . is 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" BELAYED TECHNIQUE: 

K.G. F.P. D.T. E.W. 

2.42 3.5 2.6 3.07 alone 

2.56 1.62 4.16 mixture 

2.63 2.46 2.55 expected 

Results of treatment: 

There was no clinical improvement in the patient and her kidney 

function stayed the same, e.g. the creatinine clearance after the 

infusion was 6 ml/min and the plasma urea 23 mmol/l. IgG intlie 

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 5.4.79 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
9

/l, RBC 49 x 10
1 2

/l, ESR 48, Hb 12.4 g/100 ml, blood 

urea 6.6 mmol/l, plasma creatine 97 pmol/l, cholesterol 7*8 mmol/l, 

ANP negative, M A binding 20 units/ml, plasma protein 55 g/l, albumin 

32 g/l, globulin 25 g/l, IgG 7.8 g/l, IgA 1.1 g/l, IgK 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 15 g, 12 g. Other immunological investigations are shown in 

Table5.46. IT7P showed that both kidneys were enlarged with poor contrast 

concentration, a finding compatible with a nephrotic syndrome. Renal 

biopsy showed mesangiocapillary glomerulonephritis. 

Table 5.46 COMPLEMENT AND IC DATA BEPORE AND APTER TRANSPCTSION 

PATIENT S.A.H. % normal PEG Precibitable (%) 

date C5 CH50 C1q IgG i m IgflL 

17.11.77 1y, 5m Pre T 100 72 28 O.48 m ND 

2. 2.78 1y, 2m Pre T 105 100 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 51 0.43 4.5 -

12. 5.79 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 1 -

17. 4.79 14 days.Post T 100 30 26.4 1.2 3.2 -

25. 4.79 20 days Post T 98 12 5.1 0.5 1.3 -

30.4.79 27 days Post T 86 92 10.2 0.55 1.5 -

14. 5.79 1m, 11 days Post 1 93 90 7.1 0.38 3.6 -
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Cross-reaction results: The donor: E.H. (father). 

1 • The cross-reaction "between the patient and the donor "by ETA was 

negative. 

2. The cross-reaction between the patient and the donor by the delayed 

technique was negative and is shown in Table 5.47. 

Table 3.47 CROSS-REACTION BY BELAYED TECHNIQUE: 

S.A.H. E.H. mixture expected 

0.92 2.2 1.1 1.56 

Results of treatment: 

The patient showed no clinical improvement after the infusion and 

there was no change 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 55 year old Greek man was admitted 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 no m o tensive but became hypertensive a 

few months later; he had noticed nocturia' 5 times nightly for several 

months. He was treated with B-blockers and hydralazine. 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 normal, 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/mm^, Hb 15.8 g/100 ml, ESR 25, urea 50 mg/100 ml, plasma 

creatinine 2.1 mg/100 ml, electrolytes were normal, total plasma protein 

7 g/100 ml, albumin 3.8 g/100 ml, globulin 3.2 g/100 ml; creatinine clearance 

64 ml/min, Australia antigen negative, AMP 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 COMPLIMENT AND IC DATA BEPORE AND APTER TRANSFUSION 

• PATIENT L.P. % normal PEG Pre'cipitabre (%) 

date C5 CH50 C1q IgG im IgA 

30. 1.78 1y, 4m Pre T ND ND 95 111 ND -

13. 4.78 1y, 1m Pre T ND ND mi 0.58 5.16 ND 

9. 4.79 1m, 5 days Pre T 87 80 75.5 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 89 150 ' 10.2 0.35 1.5 -

17. 5.79 5 days Post T 95 94 52 0.8 3.4 -

21. 5.79 7 days Post T 95 116 52 1.4 2.4 -

4. 6.79 20 days Post T 120 92 • 29.7 O.36 1.3 -

14. 6.79 1m Post T 109 100 73.8 0.65 4.4 ND 

Cross-reaction results: The donors: (1) M.P.(daughter), (2) J.P.(dau^iter), 

(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 BTDELA5ED TECHNIQUE:. 

L.P; M.P. J.P. YT.P. C.P. 

1.7 2.05 3.5 1.27 1.64 alone 

L.P. . 1.54 1.84 1.85 2.16 mixture 

1.66 2.06 1.61 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.V. 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 6-blockers and diuretics. On (8.6.79) the patient was 

infused with 1 pint of plasma from his daughter (j.W.). 

On examination: 

He was slightly tired. RS and CVS were normal. HP 195/105 mm Hg. 

There was slight oedema of his left leg. 

Investigations: 

WBC 9.5 x 10
9

/l, RBC 4.15 x 10
1 2

/I, Hb 11.9 g/100 ml, urea 25 mmol/l, 

plasma creatine 491 Umol/l, total serum protein 68 g/l, albumin 39 g/l, 

globulin 29 g/l, IgG 10.9 g/l, IgA. 3.9 g A * 1*4 &A» creatinine 

clearance 15 ml/min, Australia antigen negative, AMP negative, UNA 

binding 10 units/ml (within normal limits), syphilis serology negative, 

MSU sterile but contained moderate numbers of KBC. 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. 
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Table 3-50 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION 

PATIENT W.W. % normal PEG Precipitable (%) 

date C3 CH50 C1q IgG i m IgA 

4. 5.78 1y, 1m Pre T 97 122 14.3 0.18 -

2. 4.79 2m, 6 days Pre T 86 52. 62.8 h± H + 

21. 5.79 17 days Pre T 101 120 2 1 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 47 0.26 0.5 + 

14. 6.79 6 days Post T 109 20 89 h i 6^2 -

15. 6.79 7 days Post T 98 118 6.1 0.6 5.4 + 
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 + 

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: 

W.W. J.V. 

W.W. -ve 0.8 

J.W. 0.5 -ve 

v.w. -ve 

P.W. -ve -ve 

J.E.M.(noimal) -ve ND 

A.S.(normal) -ve ND 

b . The cross-reactions between the patient and the donors by the delayed 

technique are shown in Table 3*52. 

Table 3.52 CBOSS-REACTIONS BY DELAYED TECHNIQUE: 

W.W. J.W. y.w. P.M. 

2.27 0.93 1.84 1.14 alone 

2.27 2.05 2.5 mixture 

1.99 2.17 2.13 expected 



Results of treatment: 

•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. 

Ho viral 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 5.53 COMPLEMENT AND IC DATA BEPORE AND AFTER TRANSECTION 

PATIENT J.G. % normal PEG Precipitable (%) 

date 05" CH50 C1q IgG i m IgA. 

18. 4.78 1 y
r
 10 m Pre T 80 86 52 0.52 6.8 -

15.12.79 1m, 18 days Pre T 81 66 , 66.5 0.53 h i -

1. 2.80 50
T

 Pre T 87 86 1-7.9 0.2 6 3.96 -

1. 2.80 50
f

 Post T 85 91 14.6 0.24 3.53 -
• 

2. 2.80 1 day Post T 11 3 0.6 0.29 4.41 -

9. 2.80 8 days Post T 92 58 50.3 0.67 5.48 -

28. 2.80 27 days Post T 113 108 42 0.33 11.2 -

19. 3.80 1m, 18 days Post T 84 70 12.1 0.33 2.35 -

6. 5.80 3%< 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 irg. 78 60 ND 0.58 6.7"? — 
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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 5.54. 

Table 3-54 CROSS-REACTIONS BY" BELAYED TECHNIQUE: 

J.G. R.G. D.G. E. G. 

0.98 1.64 0.98 0.98 alone 

J.G. 1.75 0.98 1.52 mixture 

1.11 0.98 0.98 expected 

Results 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-trans fusion and then disappeared by 48 days; CH50 levels 

fell after transfusion (Pig.5.15). 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.H. 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 neutralizing ant'ibo.dy titre of. 1/256. 

The patient was infused with one unit of plasma from her husband (A.H.) 

on 15.5.80. Complement and immune complex data are shown in Table "3.55. 
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Patient JG 

CH50 
% normal 

50 U 

Complexed 
IgM 
(% total) 

Apr.78 Day 1 
Dec.79 Feb.80 Mar.80 

Day 20 Day 2 1 
Jun.80 

Fig 3.15 
CH50 and complexed IgM before and after treatment 
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Table 3.55 COMPLEMENT AND IC DATA BEFORE AND AFTER TRANSFUSION 

PATIENT S.H. % noimal . PEG Precipitable (%) 

date C3 CH50 C1q IgG I&L IgA 

. CM
 3.78 2 years Pre T 88 99 56.5 0.84 ND -

"7. 7.78 1y, 8m Pre T 96 110 £L O.46 4.9 + 
10. 8.78 1y, 7m Pre T 94 86 1.01 JA + 

14. 9.78 1y, 6m Pre T 109 90 19 0.58 + 

19. 10.78 1y, 5m Pre T 96 100 19 0.71 2.1 -

8. 12.78 1y, 5m Pre T 88 110 25.7 0.52 3.8 -

12. 3.79 1 year Pre T 109 115 100 2.1 5.7 + 

23. 10.79 4m, 20 days Pre T 95 §1 29 0.4 1.8 + 
21. 1.80 1m, 22 days Pre T 91 i1 27.6 0.53 1.91 + 

13. 3.80 30« pre T 105 107 44 0.7 6 6.74 + 

13. 3.80 30» Post T 97 102 51.6 0.52 5.09 -

14. 3.80 1 day Post T 107 102 50.1 0.4 5.14 + 
20. 5.80 2m, 7 days Post T 87 102 ND O.76 - 4.18 + 

Cross-reaction results: The donors: (1) A.H.(husband), (2) N.H. & J.H. 

(family members). 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. A.H. N.H. r.H. 

0.7 0.5 1.52 1.15 alone 

S.H. 1.5 1-7? 1 mixture 

0.66 0.865 0.79 expected 

Results of treatment: 

There was no clinical benefit from the treatment. She lost her IgG 

and Igyr complexes immediately after the infusion, but IgG complexes 

appeared by the tenth week (Fig.3.16). 



Patient SH 

Complexed 
IgG 
(% total) 

J-//4 

Complexed 
IgM 
(% total) 

1978 
Mar. 78 

1979 1980 Day 13 
Mar.80 Apr. 80 May. 80 

Fig 3.16 
Circulating complexes before and after treatment 
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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 15.2.81). Complement and immune complex 

data are shown in Table 5«57« 

Table 3.57 • COMPLEMENT AND IC DATA 2EP0HE AND APTER GAMMA GLOBULIN 
INJECTION. 

PATIENT M.S. % normal PEG Precipi table {%) 

date C5 CH50 C1q; IgG IgM IgA 

50.12.76 5y, 6m Pre inj. 88 79 9.2 0.19 ND -

4. 2.77 3y, 5m Pre inj. 1 96 2 1 9 0.09 ND + 

7. 3.78 2y, 3m Pre inj. 1 89 91 10.4 0.1 ND -

2. 2.79 1y, 5m Pre inj. 1 88 11 19 0.78 ND + 

11. 2.80 4m, 8 days Pre inj.1 108 2£ 66.4 0.54 4.5 -

19. 6.80 1 hour Pre inj. 1 95 ' 64 ND ND 5.91 + 

19. 6.80 5 hours Post inj.1 102 66 ND 0.74 5.1 + 
20. 6.80 1 day Post inj. 1 81 . SI ND O.65 4.54 + 

27. 6.80 8 days Post inj. 1 94 84 ND 0.72 5.5 -

3. 7.80 14 days Post inj.1 91 2 i ND 0.65 6.15 + 
18. 7.80 29 days Post inj.1 92 108 ND 0.75 6.86 + 

12. 2.81 1 day Pre inj. 2' 96 12 51 0.59 lii + 

14. 2.81 1 day Post inj. 2 96 90 58 0.41 5.6 -

23. 2.81 10 days Post inj.2 95 XL 60 0.42 6.53 + 

2. 3.81 19 days Post inj.2 101 116 45 0.54 6.85 
1 

Results of treatment 

Ten days after injection (19.6.80) the patient felt better and went 

into complete remission for6.5months. CH50 rose by 8 days post injection. 

IgG complexes remained high and she lost her complexes for 14 days 

(Pig. 3.17). The patient was treated with another injection of immuno-

globulin (on 15.2.81) which induced new remission 



Patient MS 

CH50 
% normal 

Complexed 
IgG 
(% total) 

Complexed 
IgM 
(% total) 

1977 1978 1979 Day 19 Day 1 
Jun.80 Jul.80 

Day 12 
Feb.81 

Fig 3.9 
Complement and circulating complexes before and after treatment 

Day 2 
Mar.81 



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 husband (G.W.)(on 25*5.80)• 

Complement and immune complex data are shown in Table 3.58. 

Table 3.58 COMPLEMENT AND IC DATA EETOEE AND APTER TRANSWSION 

PATIENT J.W. % normal PEG Precipitable (%) 

date C5 CH50 C1q IgG im TgA 

6. 7.79 10m, 17 days Pre T 95 81 66.7 0.57 hi + 

13. 8.79 9m, 10 days Pre T 100 94 25.2 0.55 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 58.5 0.4 4.98 + 
12. 3.80 2m, 11 days Pre T 108 104 7.7 0.26 0 -

22. 5.80 1 day Pre T 100 2k ND 0.27 1.4 -

CM
 5.80 50

1

 Pre T 111 Ik ND 0.4 2.66 -

CM
 5.80 50

1

 Post T 101 21 ND 0.27 2.34 -

24. 5.80 1 day Post T 107 84. ND 0.17 2.54 -

29. 5.80 6 days Post T 107 108
 ! 

ND 0.53 2.93 -

12. 6.80 18 days Post T 92 75 | ND 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 4.46 -

27. 6.80 1m, 5 days Post T 107 90 j ND 0.62 6.64 + 
11. 8.80 2m, 18 days Post T 94 80 | 57 0.34 7.8 -

28. 8.80 3m, 5 days Post T 100 21 ! 56.1 0.39 5.80 -

12. 1.81 7m, 19 days Post I 117 120 ' 38 0.37 7-59 -

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 DELAYED TECHNIQUE 

J.W. G.W. mixture expected 

1.51 2.5 1.59 1.7 
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Results 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. Igjt complexes were detected by 18 days and then disappeared 

by 1 month (jig. 5.18). 



Patient JW 

CH50 
% normal 

Complexed 
IgG 
(% total) 

Complexed 
IgM 
(% total) 

Day 23 
Aug.79 Mar.80 May.80 Jun.80 Jul.80 Aug.80 

Fig 3.9 
Complement and circulating complexes before and after treatment 
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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 shows the maximum length of remission and the fraction 

of time^spent in remission oT 21 patients before and after 

treatment (plasma and/or gamma globulin). For details of the type 

of treatment see Table 3*60. 

Fig* 3*19 shows the maximum length of remission (months) before and 

after treatment. 

Fig. 3*20 shows the tectional 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, 3*54, 3*56 and 3.59 were done by Mrs. D. Zewdie. 



Table 5.60 RESULTS M L TYPES OP TREATMENT IN ALL PATIENTS 

Patient Circulating complexes Type of treatment Remission 
(months) 

S.G. IgG, i m PF1 
P52 
G1 
G2 

2 
2 
2 .75 
0 .75 

T.H. i m PP 
G1 
G2 

6 .75 
2 . 2 5 
3 

M.O. IgG, i m PP 9 .25 
J.S. C1q, i m PPP 0 

P.A. C1q, IgG 6PP (PPP) 
3PP (PPP) 
6PP (PEP) 

2 
2.5 
2 

P.M. C1q, 
IgA 

igG, i m B 
PP1 
PP2 

11.25 
2 . 5 
0 

W .M. C1q, IgG 5PP (PPP) 
4PP (PFP) 

1 
5 

P.B. 01 q, IgG pp 0 

I.J. 01 q, igG, im PPP 10 

R.J. 01 q, IgG, I&[9 IgA pp 0 

P.L. 01 q, IgG, IgA pp 0 

R.M. 01 q, IgGj l&Lf IgA PP1 
PI2 
PP3 

0 
0 
0 

P . P . IgG, IgA PP1 
PP2 
PP3 

0 . 5 
5 
0 

K.R. 01 q, igG, i m PP1 
PP2 

6 . 5 
16 

H.Z. ND PP 0 . 2 5 
D.B. 01 q, IgG, X̂YT PP 0 

K.G. 01 q, IgG PP 0 

S.A.H. IgG, IGIYT PP 0 

L.P. 01 q, IgG PP 0 

W.W. 01 q, IgG, IFIJM, IgA PP 0 

J.G. 01 q, im PP 
G 

4 
8 

S.H. 01 q, igG, im, igA PP 0 

M.S. 01 q, IgG, I&L, IgA G1 
G2 

6 . 5 
0 . 5 

J.W. 01 q, IgG, IgM, IgA PP 9 

N.B. - PP = Plasma^Pamily; G = Gamma globulin5 PEP = Presh 
Prozen Plasma; PP = Plasma Pheresis; PPP = Plasma 
Protein Fraction B = Blood? ND = Not Done. 



Table 3.61 MAXIMUM LENGTH AND FRACTIONAL PERIOD OE REMISSION BEFORE 
AND AFTER TREATMENT. 

t 
| Patient Db Da j Rb Ra Max.Rb Max. Ha 3 A 

S.G. 40 2.47 
2.6 
5.13 
1 

0 2 
2 

2.75 
0.75 

0 2 
0 

2.75 
0.75 

0 0.309 
0.769 
0.878 
0.75 

T.H. 29 7*14 
2.3 
5.26 

0 6.75 
2.25 
3 

0 6.75 
2.25 

0 0.945 
0.303 
0.92 

M.-0 . 18 10 12 9.25 2 9.25 0.666 0.925 

J.S, 84 4 63 0 3 0 0.75 0• 

F.M. 1 14.5 
3.37 
4 

0 11.25 
2.5 
0 

0 11.25 
2.5 
0 

0 0.786 
0.741 
0 

F.B. 60 4 0 0 0 0 0 0 

I.J. 37 14 0 10 0 10 0 0.714 

R.J. 139 4 0 0 0 0 0 0 

F.L. 144 4 0 0 0 0 0 0 

RJI. 104 1.86 
0.76 
4 . 

6 0 
0 
0 

1.5 0 
0 
0 

0.057 0 
0 
0 

F.P.- 55 0.6 
9.1 
2 

2 0.5 
3 
0 

2 0.5 
3 
0 

0.036 0.833 
0.529 
0 

K.R. 105 7 
16.23 

0 6.5 
16 

0 6.5 
16 

0 0.928 
0.985 

D.B. 11 4 0 0 0 0 0 0 

5C.G. 49 4 0 0 0 0 0 0 

S.A.H.- 23 4 0 0 0 0 0 0 

L.P. 39 4 0 0 0 o. 0 0 

19 4 0 0 0 0 0 0 

J .G*. 176 4.63 
3.-57 

nd 4 
3 

2 4 
3 

nd 0.865 
0.955 

S »3o> 98 4 0 a o. o 0 0 

M.S» 50 7.3" 
T 

nd. 6.5 
0.3 

2 6O5 
O J 

nd 0.33> 
0..3 

J.tfv 23 - 9.-26 5*5 9- 2 9 0*152 0.972 

N-3- — Db « length of disease before treatment (months) 
Da - length of' disease after treatment (months) 
Rb ~ Remission before treatment (months) 
Ra = Remission after treatment (months) 

Max.Hb = Maximum Rb 
Max.Rb = Maximum Ra 

B = fraction of Rb 
A = fraction, of Ra 
rid No Date 
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Mean + S.D. 

Mean 

16 

15 

14 

13 

12 
11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

© 

Mean + S.D. 

Mean 

Mean - S.D. 

Before After Before After Before After 

Mean 0.625 2.955 0.527 2.46 1 3.364 

S.D. 0.985 4.35 0.857 3.992 1 2.653 

n 20 28 18 25 4 7 

t = 2.348 2P < 0.05 t = 2.015 2P =« 0.05 t = 1.1683 
2P > 0.05 

Patients treated with plasma 
including blood. © =blood 

Patients treated with 
familial plasma. 

Patients treated 
with gamma 
globulin. 

Fig 3 .19 
Maximum length of remission before and after treatment (months) 
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Mean + S.D. 

Mean 

Mean 

S.D. 

1 

0.9 

0.8 
• 

0.7 
• 

0.6 

0.5 

0.4 -

0.3 

0.2 
• 

0.1 
I 

0 

Before 

0.087 

0.216 

19 

t = 2.625 

S 
I* 

After 

0.36 

0.418 

27 

2P =* 0.01 

Before 

0.053 

0.157 

17 

t = 2.710 

t 

J — 

After 

0.343 

0.423 

24 

2P < 0.01 

Patients treated with plasma 
including blood. ® 3 blood 

Patients treated with familial 
plasma. 

Fig 3 . 2 0 
Fractional period of remission before and after treatment 
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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). 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 Iffi-IgG switch mechanism and antibody affinity: 

IgM is the earliest antibody response to a primary immune stimulus, 

followed after a short interval by IgG antibody which is usually formed 

as the secondary response to an antigen stimulus (van Oss, 1979)* The 
ivs orcte*̂  

maturation of an immune response towards an antigenic stimulus ̂  to achieve 

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 (Fenner and 

White, 1976; Schmidt et al, 1968$ Bellanti, 1978). This switch mechanism 

usually requires helper T cells to be ^rese.w't, 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 class) (Paul and Benacerraf, 1977)• 

Thus,a deficit in T cells may impair the IgM-IgG switch mechanism and the 

production of memory cells. These cells^produced during the primary 

exposure to an antigen and the secondary response depends on their 

existence (Herscowitz, 1978). Therefore repeated antigenic challenges a with the same or^different antigen would stimulate a primary response 
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(igjl antibody), with subsequent incomplete clearance of the antigen. 

Soothill and Steward (1971) suggested that a failure to produce 

high affinity antibody to an antigen 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 anti gene: 

Certain antigens, e.g. pneumococcus polysaccharides, endotoxin or 

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). 

It is possible that the antigens present in the circulating Immune complex 

(l$y[-antigen) of the sera from the studied patients are of T-independent 

type. 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. Early presentation: 

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 U e 

immune response (Herscowitz, 1978). 

4. Non-neutralizing antibodies: 

Viruses can persist and multiply in macrophages and lymphocytes for 

many years. These viruses can stimulate the production of non-neutralising 

antibodies (perhaps of IgM class?). The produced antibodies may combine 

with viral antigens to foim immune complexes, which 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" (penner and White, 

1976). 

5, Presence of more than one antigen* 

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 a n t i b o d y e.g. IgM and IgG. If IgM-antigen 

complex is formed it may block the production and the function of other 

immunoglobulins, e.g. IgG. 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 shorn that mice infected with coxsackie virus 

developed reduced humoral and cellular immune responses to simultaneous 

infection with poliovirus (Bendinelli et al, 1975)^ Ihe investigators 

however did not characterize the class of antibody produced. 

7 , Genetic (BLA system) : 

The association between HLA and susceptibility to certain disease, 

e,g. 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 host's sharing antigens with 

infecting organisms may produce a poor immune response and a weak antibody 

in the early phase of the disease, perhaps of Igy[ 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 animal* with virus, e.g. 

lymphochoriomemngitis virus (LCM)(Hotchin and Collins, 1964; Fenner and 

White, 1976). No.tkins et al (1966) have shown persistent infectious 

circulating immune complex in the blood of mice chronically infected with 

L3H virus. This may be due to production of poorly neutralising 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 (Fenner 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 hosb immune 

response. 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. Immunosuppressive treatment: 

It has been shown experimentally that mice develop fatal infections 

with Coxsackie B-3 v i m s when they have been treated with an immunosuppressive 

agent (cyclophosphamide)(Rager-Zisman and Alison, 1973)- This treatment 

allowed transient Igyi 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 other observations arise from the immune complex assay data: 

1. The increase in the amount of "IgA-only" containing complexes in 

pericarditis sera rather than in other pathological 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 

pathological sera. One possible reason for this is that the antibodies 

involved are non-complement fixing. It should be remembered however 

that pericarditis is not an immune complex disease. 

These points migjht 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 affinity of antibodies are of a great importance for complete and 

adequate elimination of infection (Eager-Zisman and Allison, 19735 

Alpers et al, 1972). These facts might help us to find more effective 

treatments of certain diseases which are immunologically mediated. 



Cross-Reaction "by Badioimmunoassay 

I 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. In 

comparison with other disease groups the number of positive cross-

reactions were very .low, e.g.hyperfcension/haematuria (90.6% total + 

ve reactions). I shall discuss the possible reasons for this low 

number of positive reactions: 

1. Acid dissociation of antigen-antibody complex: 

In our radio immunoassay, antigen-antibody complex solutions were 

dissociated in glycine-HCl solution pH 3.1* Ihis pH tends to make 

all protein components in the solution positively charged which causes 

the antigen-antibody complexes to loose their ability £0: attract. 

each other (van Oss and Grossberg, 1979). The acid dissociation may 

affect Igy[ complexes since it has been found that X̂ VI complexes are 

acid labile and they could be destroyed under acid conditions (Mowbray 

and Abdalla unpublished data). Another possible disadvantage of this 
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procedure is that acid dissociation may affect acid labile antigen(s) 

in the solution. However the use of hi^ier 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 procedure: 

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, e.g. radiation 

damage or chemical damage (Hunter, 1973) which may change the antigen 

and antibody reactivity and decrease the number of positive reactions. 

3. Antigen/antibody ratio: 

It has been shown by this technique that a hi^ier binding of radioactive 

material was noted with soluble complexes obtained in antigen excess and 4 

lower reactivity of soluble complexes obtained in antibody excess 

(Dambuyant et al, 1979). This may cause negative binding results, 

in antibody excess conditions. 

4. PEG precipitation: 

I shall talk briefly about the PEG and its effect on immune complexes* 

Immune complexes in sera used in the radioimmunoassay 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, 1977; Digeon et al, 1977)* Therefore at low concentrations of 

PEG high molecular weight proteins and immune complexes are precipitated. 

Other factors 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) . 

Prom 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, or. that 

there is no common causal agent in these diseases. 

This study may help in the future to identify the antigens which are 

responsible for the immune complex disease and their elimination by 

proper therapy. 
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Rheumatoid. Factor Binding Assay 

tUc. 

The aim of^rheumatoid factor "binding assay was to study the ability 

of the donor's antibodies to react with the patient's circulatory 

complexes by measuring the ability of this mixture (donor/patient 

sera) to bind the rheumatoid factor preparation which was labelled 

125 

with Iodine. This was done in an attempt to choose a proper donor 

for plasma infusion (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 125 

this assay that the binding values of 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. Iodination procedure: (discussed previously) 

Iodine can cause certain damage to the protein molecule. 

2. Interference factors: 

Intrinsic rheumatoid factor 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 example: 

a) Pre-assay heat inactivation of C1q. by 56°C incubation for 

50 minutes of the tested sera. 

b) Adding noimal horse serum to the tested sera in an attempt to 

block the intrinsic zheumatoid factor. 

These changes did not increase the percentage bound and the assay in 

general did not improve. These low values mi^it be explained by the 

fact that the rheumatoid 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£ w1fev:acii©»\s
%
 Perhaps it would have been better 
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to use a monoclonal I^I RF (Barratt and Naish, 1'979)* The increased 

affinity of RF for complexes is dependent on the multiple "bonds to Fc! ragi&ns 

of a complex. Comparing IgM RF with IgG RF it is obvious that IgM RF 

is potentially more capable of distinguishing circulating complexes than 

IgG RF, due to the multivalency of the former. 



'The Effects of 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: 

I. Immune complex diseases: 

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, 

rheumatoid arthritis, glomerulonephritis and polyarteritis nodosa (possibly). 

The role of immune complexes in some of these diseases has been 

discussed previously. 

Example of localized disease in our series is erythema multiforme. 

Erythema multiforme is an acute inflammatory skin disorder. It 

usually begins as a widespread erythematous skin lesion (reddening of 

the skin), and involves the foreaims, hands, and legs. This may go 

on to bulla formation (Rees, 1980)* It may be associated with virus 

infection, e.g. herpes simplex virus (Shelley, 19&7), 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 

erythematous rashes. 

The aetiologic agent(s) remains unknown or elusive in the majority 

of hmnune complex diseases but the following observations may suggest 

that infection may play a role in some immune complex: diseases, e.g. 

SLE and P M . 

1. Beaucher et al (1977) reported that in families with related patients 

with SLE,, 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) • 

5. The presence of Australia antigen in sera of patients with PAN 

(Trepo et al, 1974)• 

II. Non-immune complex disease; e.g. pericarditis 

P e r i c a r d i t i s is an inflammation of the pericardium and may occur 

as a primary disorder which is probably due to viral infection, mainly 

Ooxsackie virus, 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 mentioned in the first part of ifae discussion some possibilities 

which can be. used to explain different aspects of the chronicitiy of this 

disease. The; rola- of immune complexes in this 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 from 

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 possible uses and, effects of plasma infusions 

1. Plasma as a source of antibodies: 

a. High affinity antibodies. 

b. Protective antibodies to infectious antigens. 

c. Changing . immunoglobulin class. 

d. Prophylactic use. 

2. Replacement of complement components. 

3. Removal of immune complexes. 

4. Inhibition or removal of the inflammatory mediators. 

1. Plasma 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 clear 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 hi^ier 

concentration of antibody of hi^ier affinity. Alpers et al (1972) 

reported that the rate of elimination of antigens in different strains of 

mice is attributed to the affinity of the antibody they produce, and 

those mice that fozm high affinity antibody are more capable of eliminating
1 

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 

liability 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 likely that those donors w.ho are exposed to infection could be 

used as a source of highly effective antibody. Also this type of effective 

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.g. K.R. and P.P., as after effective infusion the 

patient's serum produced IgG complexes. This 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 ET infections of 

unknown aetiology. Circulating immune complexes were detected in 30 out 

of their 3'9 patients. Our findings and those of Delire and Masson (1977) 

make it likely that some patients, with immune complex disease or 

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, 

b. Protective antibodies to infectious antigens 

Antibodies to any antigenic determinant of an infectious agent .do 

not always confer immunity. For 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 internal 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 foxm 

immune complexes which may result in immune complex diseases (Fenner 

and White, 1976; Jawetz et al, 1978). Webster and Laver (1967) 

reported that antibody directed to a surface antigen, the haemagglutinin, 

of an influenza v i m s neutralized haemagglutinin activity and infectivity 

while antibody against neuraminidase 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 a 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 

remission 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, or possibly, if the agent is common in the population, 

in some other sources such as immunoglobulins prepared from pooled human 

serum. 

c. Changing immunoglobulin class 

i. I^yr to IgG: 

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 reaction 

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



ii. IgE to IgG: 

As. mentioned, the • IgE molecule plays an important role in 

immediate hypersensitivity reactions. The interaction of an antigen 

with IgE 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 vasoactive amines from mast cells and 

prevent the localisation 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. Prophylactic 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 performed 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.H. 

and S.G. 

There are several advantage of plasma infusion over intramuscular 

injections of immunoglobulin: 

i. Antibodies of all immunoglobulin classes (IgG, IgM, IgA, IgE, 

IgD) can be supplied in a large amounts by plasma infusion (Buckley, 1977). 

ii. Plasma infusion provides higher serum immunoglobulin 

concentrations than intramuscular immunoglobulin injections (Buckley, 1977), 

for example, each 100 ml of plasma contains 1 g. of IgG» 

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 other uses of immunoglobulins 

There are other specific indications for the clinical uses of immunoglobulin: 

i. Primary immunodeficiency states 

In primary hypogammaglobulinemia, e.g. Bruton
T

s disease, immunoglobulin 

therapy seems to be highly effective (Janeway and Rosen, 1966; Bruton, 1952). 

ii. Secondary hypogammaglobulinemia 

Immunoglobulin levels decrease secondary to certain primary disorders 

e.g. 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 than 2 grams/litre)(Miller, 

1973)* However as soon as the basic disorders are corrected this therapy 

can be stopped. 

iii. Prophylaxis of viral and bacterial diseases 

There are a number of indications for immunoglobulin therapy to prevent 

the occurrence of several infectious diseases, e.g. measles, hepatitis A, 

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. Replacement of complement components 

I Wave 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 are, 

firstly, that the detection of complement components may he useful 

to monitor the results of treatment. Thus return 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 complement components 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 complement deficiencies in 
shall 

disease has been discussed by many invest igators . Ijfyeview b r i e f l y 

some of the l i t erature concerning th i s .matter. 

Priend et al (1975) reported a patient with C2 deficiency with chronic 

vasculitis and a history suggesting increased liability to infection. 

Bay 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 erythematosus;-like disease and 

glomerulonephritis have been observed in a patient with C1r deficiency 

(Day et al, 1972). Peters et al (1975) suggested that the presence of 

hypocomplementaemia in mesangiocapillary glomerulonephritis, due to C5 

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 have^ abnormality 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 (p.A. and W.M.) were treated 

with plasmapheresis, and the only longstanding improvement occurred 

when the patients
1

 plasma were replaced with fresh frozen plasma rather 

than the albumin containing plasma protein fraction (PPP)(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-term remission after infusion, lasting for months, 

making it unlikely that the improvement was due ta complement replacement 

in them, the half-life of complement components being measured in hours, 

not months (Ruddy et al, 1972). 

5. Removal of immune complexes 

Immune complexes are formed when antigens interact with their 

corresponding antibodies. The formation of immune complexes is a 

component of normal immune response*? * They 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, 1976; Kohler, 1973)• 

It has been reported that circulating immune complexes are correlated 

with the clinical disease activity in a group of patients with immune 

complex diseases, for example systemic lupus erythematosus infective 

tt 

endocarditis, and Henoch-Schonlein purpura. Sustained reduction in 

their circulating complexes after treatment may be associated with 

clinical improvement (Levinsky et al, 1977; Pussell et al, 1978; 

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 

with plasmapheresis. Chalopin et al (1980) have reported recovery 

after plasmapheresis in a patient with polyarteritis nodosa associated 

with HBs antigen. One migh.1; ask whether plasma infusion induces 

successful effects similar to those of plasmapheresis? 

In our method of plasma infusions with small volumes (usually one 
"Hie was 

unit, of plasma) jt 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 obvious that treatment was highly effective 

in some patients and independent of the 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 complexes 

from the circulation which could deposit and cause an immune complex 

disease by the following mechanisms:, 

a. Alteration of antigen-antibody ratio 
tfce 

Alteration of^antigen-antibody ratio may change the properties of 

complexes, e.g. size, and enhance their elimination. It has been 
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tKe 

shown that large complexes are rapidly removed by^hepatic 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^ 

whereas in those with renal manifestations medium sized IgG 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 or to 

displace the intrinsic complex antibody for antigen and might change 

the properties of immune complex and enhance its elimination, 

b. The production of C3b 

Certain enzymes (such as plasmin, thrombin, trypsin, C42, C3bBb 

and cobra venom factor) are known to be capable of splitting C3. This 

splitting yields C5a. and CJb (Lachmann, 1975). The latter, together 

with immune complex^ binds to specific site* on polymorphs and macrophages 

and produces the immune adherence phenomenon. This phenomenon enhances 

phagocytosis of immune compleasand either particles, e.g. bacteria or 

viruses (Roitt, 1930; Ruddy et al, 1972). Thus after infusion, if 

the patient's plasma can activate the donor's C3 (which yields C5b), 

then the immune adherence phenomenon may occur in the patient with 

subsequent removal of the immune complex. 

In some of our patients the clinical improvement after plasma 

infusion was accompanied by reduction of circulating immune complexes 

(of patients E.P. and I.J.), while in other patients (D.B., P.B., S.H. 

and R.J.) this reduction was not accompanied by any clinical improvement. 

The possible results of immune complex removal are: 

i. Removal of low affinity antibody: 

Low affinity antibody competes with antigen and prevents it from 

combining with high affinity antibody. 



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 serum antibody 

by exchange transfusion from guinea pigs previously immunised with sheep 

red blood cells stimulates the proliferation of 19 S antibody forming 

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, 1976; Roitt, 1980). Immune complex 

elimination by plasma infusion may stop this mechanism and prevent the 

production of harmful substances, The exact role however and importance 

of platelets in certain human 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, 1976; Leaf 

and Cotran, 1980). 

c - Mast cells 

Mast cells are responsible for the release of vasoactive amines 

when they are activated and de granulated through the interaction of 

antigen-antibody (usually Ig$-antigen)(Roitt, 1980; Bellanti, 1978). 

If we prevent the release of these harmful substances by blocking mast 

cells 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 IgG)(discussed previously), which "blocks the 

PC 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 terms 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-test. Significant improvement was judged to have occurred 

when the mean remission after treatment was significantly elevated (2P^ 0.05) 

above that found before treatment• 

A total of twenty-eight plasma treatments (including blood) were performed 

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 

2.955 + 4*55 months respectively. This difference was found to be statis-

tically associated with the treatment (t = 2.548, 2 P < 0 . 0 5 ) . Of these 

twenty-eight plasma treatments, twenty-five were performed on eighteen 

patients using plasma obtained from family members (including spouse). In 

these latter cases, mean (+ S.D.) remission was also greater after 

treatment (2.46 + 3*992) compared to the pre-treatment 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 (+ S.D.) fractional remissions 

before and after treatment were 0.087 + 0.216 and O.36 + 0.418 respectively 

(t = 2.625, 2 P - 0 . 0 1 ) . Of these twenty-seven observations, twenty—four 

were performed 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 = 2.7-10, 2P <0.01). 

A small number of patients (n = 4) were treated with gamma globulin 

injections. Mean maximum remissions were not significantly different 

(2P>0.05) before and after this treatment. Obviously, a greater number 

of patients must be investigated to evaluate its sii?ru£ics*ice. 
^ 

Possible causes of treatment failure 

Plasma infusion was effective in some patients, a number of whom went 

into a long teim remission. However 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 failures 

1. Choosing the wrong patients; 

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 donor: 
av\ 

We selected the suitable plasma donors by^in vitro cross-reaction test 

(KLA), which is probably not a satisfactory enough method. 

5» K-cell deficiency: 

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. Inaccessible infection: 

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 £achmann, 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 



remission, whereas the third relapse was treated with 250 mg of gamma 

globulin and the remission was not complete. This fact seems unlikely 

to he true for other patients who were treated with an equal amount of 

plasma. 



Conclusion 

I 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 teim 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 a plasma bank for transfusion of such patients. 
pa-fcieni 

B - Blood transfusion in the^M with SLE induced complete remission for 

a long period 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 

diseases. 

These studies suggest 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, e,g, 

pericarditis. 
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However to choose the right patient for this type of treatment we 

need further information and knowledge of the disease pathogenesis which 

is still obscure in the majority of immune complex diseases. 



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 infusion will show more clearly the 

role of plasma treatment of these diseases. 
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