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Summary The immunological cardiovascular diseases are a very diverse group of clinical

entities that generally are of either unknown aetiology or of unproven pathophys-
iology. Most of the conditions with a proven, or strongly suspected, aetiology are
caused by infections, with the best examples being acute rheumatic fever and
Lyme disease. However, even with these diseases, the primary pathophysiological
mechanisms have not been irrefutably established. In addition to the importance
of infectious agents in the immunological cardiovascular diseases, other factors
have been identified that are associated with or modify these diseases. These
factors include age, genetic background and coexisting inflammatory diseases.
The proposed immunological mechanisms important in the immunological
cardiovascular diseases include: (a) immune mimicry, in which antigens of an
infectious agent crossreact with self antigens; (b) modification of self antigens by
infections or other inflammatory processes; (c¢) introduction of self antigens to
the immune system following a traumatic or inflammatory event; and (d) dys-
regulation of an autoimmune response. The immunological effector mechanisms
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include: (a) passive deposition of immunoglobulin or immune complexes in car-
diovascular tissues with resulting inflammation; (b) autoantibodies that damage
the cardiovascular system directly or indirectly; and (c) cell-mediated immune
responses to antigens within the cardiovascular system.

The clinical diagnosis of the immunological cardiovascular diseases is facili-
tated by clinical criteria and by selective laboratory tests in certain diseases. Lab-
oratory tests, other than histology, do not usually provide definitive answers but
serve to confirm suspected diagnoses. The vague, often systemic, symptoms as-
sociated with many of the disorders add to the clinical confusion of diagnosis.

Despite the lack of clearcut aetiologies, the classification of these diseases does
facilitate therapeutic decision making. This is particularly important since the
prognosis of some of these conditions, such as acute rheumatic fever, Lyme dis-
ease, Wegener’s granulomatosis, systemic necrotising vasculitis and temporal
arteritis, is significantly improved by treatment. Classification schemes for vas-
culitis remain primarily descriptive, but are useful for dividing the entities into
categories with similar response to treatment. Significant progress and improve-
ment in the treatment of the immunological cardiovascular disorders await better
definition of the aetiologies and primary pathophysiological mechanisms in-

volved.

The terms for immunological diseases of the
cardiovascular system are carditis, involvement of
the heart, and vasculitis, involvement of the blood
vessels and surrounding tissues. The histological
characteristics of these disorders are deposition in
the affected tissue of immunoglobulin and comple-
ment and/or an inflammatory cellular infiltration.
The proposed mechanisms of immune injury in-
clude: (a) tissue modification or immunological
exposure of self antigens by preceding infection or
trauma, resulting in an autoimmune process; (b)
immunological response to unrelated antigens
crossreacting with vascular or cardiac antigens;
and (c) passive involvement with blood-borne im-
mune reactants. (1)

Cognate recognition of the endothelium of the
cardiovascular system by immune cells is a neces-
sary process to facilitate regulated movement of
cells and products of the immune system. This cel-
lular interaction is facilitated by membrane pro-
teins and their ligands such as addressins, integrins
and selectins. The relative infrequency of immuno-
logical diseases of the cardiovascular system
reflects the effectiveness of regulation of these in-
teractions.[2-3] The aetiology and principal patho-
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physiological mechanism of most of the immuno-
logical cardiovascular diseases are unknown.
Therefore, the classification scheme is descriptive
but, nevertheless, useful therapeutically.

1. Carditis

Carditis is a descriptive term for inflammation
of any one of the 3 tissues of the heart, specifically
pericarditis, myocarditis and endocarditis, or of all
3 (pancarditis). Symptoms and signs suggest the
portion of the heart involved: chest pain and accu-
mulation of pericardial fluid in pericarditis, dys-
rhythmia and heart failure in myocarditis, and val-
vular dysfunction with changing murmurs in
endocarditis. Carditis associated with transplant
rejection is not discussed in this general review.

1.1 Acute Rheumatic Fever

Acute rheumatic fever (ARF) is an inflamma-
tory, multisystem disease that occurs 2 to 3 weeks
to 6 months after a group A streptococcal pharyn-
gitis. The frequency and severity of ARF have di-
minished dramatically in North America and Eur-
ope during the past 90 years because of improved
social conditions, antibiotic therapy and a decline

Clin. Immunother. 1 (5) 1994
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of the rheumatogenicity of the streptococcus. Out-
breaks of ARF in several sites in the US in 1985
are attributed to the reappearance of rheumato-
genic strains of group A streptococci.l*] Rheumatic
heart disease remains the leading cause of cardiac
death in the 5- to 24-year-old age group in most
parts of the world, and outbreaks continue to occur
in North America and Europe. 5!

The pathophysiology of ARF remains specula-
tive. The most widely held theory is that cross-
reacting antibodies, i.e. antibodies that react with
Streptococcus, particularly the M protein, cross-
react with human cardiac myocytes, cartilage,
chondrocytes, synovial cells, and thalamic and
subthalamic nuclei of the central nervous sys-
tem.!%] However, crossreactive antibodies, albeit in
lower titre, occur in patients with streptococcal
pharyngitis uncomplicated by ARF. Furthermore,
the time course of ARF does not always coincide
with the rise of streptococcal antibody levels.
Thus, the aetiological importance of crossreacting
antibody remains uncertain. Superantigen, a sub-
stance that activates up to 10% of all T cells, has
been identified in M protein and erythrogenic tox-
ins A and B. Superantigens from streptococci or
streptococcal products could activate and expand
pathogenic lymphocyte clones, contributing to dis-
ease.l”] Genetic predisposition to ARF, as demon-
strated by the increased frequency of the B cell
alloantigen 883 in patients with ARF, suggests that
a particular immune response to the streptococcus
is important for disease development.!8]

The diagnosis of ARF requires differentiation
from other immunological and infectious diseases.
The Jones criteria facilitate this distinction (table
1).[91 The pancarditis associated with ARF is rarely
severe; however, acute cardiac failure and even
death can occur. The incidence of carditis in the
first attack of ARF varies inversely with age. It is
90 to 92% in children less than 3 years old, 50% in
children 3 to 6 years old, 32% in adolescents 14 to
17 years old, and as low as 15% in adults.[10]

The most common murmur of ARF is mitral re-
gurgitation, with aortic insufficiency noted about
one-third as often. The major complications of the
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Table 1. Revised Jones criteria for the diagnosis of rheumatic
fever!® Two major criteria or 1 major and 2 minor criteria plus
evidence of a preceding group A streptococcal pharyngitis (positive
throat cuiture, increased antibody titres such as anti-streptolysin
O or anti~deoxyribonuclease B, or recent history of scarlet fever)
are considered diagnostic of rheumatic fever

Major manifestations
Carditis

Polyarthritis

Chorea

Erythema marginatum
Subcutaneous nodules

Minor manifestations

Clinical: previous rheumatic fever or heart disease, fever,
arthralgias

Biochemical: increased erythrocyte sedimentation rate,
increased C-reactive protein, leucocytosis

Electrocardiographic: prolonged PR interval

carditis usually occur years after the ARF episode
and include mitral and/or aortic valve dysfunction
from postinflammatory scarring.

The arthritis of ARF is a migratory joint disease,
usually affecting fewer than 6 joints simulta-
neously, and generally lasting less than 4 to 6
weeks. The arthritis affects adults more commonly
than adolescents and children (95 to 100%, 82%
and 66%, respectively).l!l] Likewise, the inci-
dence of chorea is affected by age. It occurs only
rarely after puberty, and almost never in adults.

An increase in streptococcal antibodies, such as
anti-streptolysin O (ASO) and anti—deoxyribonu-
clease B, supports the diagnosis of ARF, with peak
levels occurring 4 to 5 weeks after the pharyngitis.

ARF lasts an average of less than 3 months, and
less than 5% of attacks persist for more than 6
months. The prompt response of the arthritis and
fever to aspirin 40 to 100 mg/kg/day is so charac-
teristic that it strengthens the clinical diagnosis.
Anti-inflammatory therapy masks inflammation
but tends to prolong the duration of the attack, with
rebounds of inflammatory activity occurring when
therapy is tapered or discontinued. Thus, analge-
sics such as codeine are the treatment of choice for
mild episodes. Systemic glucocorticosteroids
should be reserved for the most severe carditis.

Clin. immunother. 1 (§) 1994
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AREF does not occur when streptococcal infec-
tions are prevented or treated. Penicillin, either (a)
a single intramuscular injection of 1.2MU of
benzathine benzylpenicillin (penicillin G), or (b)
potassium phenoxymethylpenicillin (penicillin V)
125 to 250mg orally 4 times a day for 10 days, is
the drug of choice for treatment. Erythromycin is
used for penicillin-allergic individuals. Since re-
current streptococcal pharyngitis may reactivate
the carditis, continual prophylactic therapy to pre-
vent streptococcal disease is recommended for S to
10 years or longer after an attack of ARF. Effective
regimens include: (a) intramuscular benzathine
benzylpenicillin 1.2MU every 4 weeks; (b) sulfa-
diazine 500 to 1000mg orally once daily; (c)
phenoxymethylpenicillin 250mg orally twice
daily; or (d) erythromycin 250mg orally twice
daily.

The purification of the M protein of the strepto-
coccus, and evidence of its immunogenicity and
absence of rheumatogenicity, offer the prospect of
a vaccine to prevent ARF.[12] The occurrence of
ARF without the herald of pharyngitis and the po-
tential development of antibiotic resistance of the
streptococcus increase the importance of vaccine
development.[13:14]

1.2 Viral Myocarditis

Unsuspected myocarditis is detected in almost
10% of routine autopsies, and 2.5 to 12% of en-
domyocardial biopsies of patients with dilated car-
diomyopathy show myocarditis.!!3] The incidence
of lymphocytic myocarditis in unexplained heart
failure varies from 0 to 80%.[16) Viral-specific
RNA sequences have been detected in myopathic
hearts without histological evidence of inflamma-
tion, without culturable virus and without the pre-
sence of viral-specific antigens.!!”} Techniques
such as dot-blot hybridization, in situ hybridization
and polymerase chain reaction amplification of vi-
ral DNA have been used to confirm the presence of
viral genetic material in 25% of patients with myo-
carditis and 15% with dilated cardiomyopathy.! 18!

Coxsackie B, poliomyelitis and other entero-
viruses, influenza, mumps, rubella, Epstein—Barr
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and lymphocytic choriomeningitis virus are the

most frequently suspected viral pathogens. The

role of viral myocarditis in the development of

lymphocytic myocarditis is unknown in humans,

but is suspected based upon animal data and indi-

rect evidence.l!®! During human epidemics of

coxsackie B viral infection, as many as 10% of

infected individuals manifest clinical signs of car-

diac involvement, and a few of these ultimately

develop dilated cardiomyopathy.[20] The role of

the host immunological response in viral-induced

carditis is suggested by the biphasic clinical pattern

of acute viral illness, initial improvement, and clin-

ical deterioration with carditis 10 days to weeks

later. The primary role of the immune system in the

disease is supported by:

¢ the development of antibodies specific for the
cardiac myocyte sarcolemma and myosin;

¢ expression of immune cell receptors such as in-
tercellular adhesion molecule-1 (ICAM-1),
interleukin (IL)-2 receptor and major histocom-
patibility complex (MHC) class II molecules on
myocytes from affected hearts; %

¢ the presence of activated lymphocytes in the
myocardium;[

e activation of endothelial cells in coronary ves-
sels from affected hearts;[24]

] c.han%gss] in circulating lymphocyte popula-
tions;

¢ the absence of replicating virus during the in-
flammation.

Anti-inflammatory therapy with glucocortico-
steroids, cytotoxic agents and immunomodulators
reduces the inflammation within the myocardium
and results in functional improvement in animal
models and in selected patients in human disease.
Patients who are candidates for such therapy in-
clude those with malignant arrhythmias with or
without heart failure, those with positive !1In-
labelled antimyosin antibody scans, and those with
recent onset congestive heart failure without other
explanation. Endomyocardial biopsy is useful to
confirm clinical suspicion of the diagnosis. The
cytotoxic immunosuppressive agents used for
myocarditis include azathioprine, cyclophos-

Clin. Immunother. 1 (5) 1994
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phamide and cyclosporin. The immunomodulating
therapies that may be of value include anti-[L-2,
anti—tumour necrosis factor-a (TNFa), interferon,
and immunoglobulin specific for myocyte recep-
tors or the suspected virus. Although current ther-
apy for viral myocarditis is supportive, i.e. control
of arrhythmias, treatment of heart failure, and per-
haps prolonged bed rest to enhance healing, an in-
triguing possibility is that more aggressive anti-in-
flammatory therapy in the early phase of post-viral
myocarditis might prevent late onset refractory
congestive cardiomyopathy.[26:27]

1.3 Pericarditis Following Cardiac Trauma
or lschaemic njury

Pericarditis may occur after cardiac surgery,
myocardial infarction, or blunt or penetrating chest
trauma. An immune pathogenesis is suggested by
some of the same features implicating the immune
response in the viral syndromes described above,
including the development of cardiac autoantibod-
ies. The pathological importance of cardiac auto-
antibodies is unknown, since these antibodies are
found in similar quantities in patients without peri-
carditis following cardiac injury. The time between
the injury and onset of the pericarditis varies from
4 days to 12 months, but is usually 4 to 8 weeks.
The incidence varies from 5% after myocardial in-
farction to 30% following surgery or trauma.

The symptoms of pericarditis usually respond
to aspirin or equivalent anti-inflammatory therapy,
although symptoms may reappear when therapy is
discontinued. Rarely, pericardial tamponade or
constrictive pericarditis may complicate the clini-
cal management.[!]

1.4 Carditis Associated with
Connective Tissue Diseases

Carditis associated with various connective tis-
sue diseases occurs more frequently than
recognised clinically. Systemic lupus erythemato-
sus (SLE) is the most common associated connec-
tive tissue disease. Postmortem examinations
demonstrate pericarditis in approximately 80% of
all patients with SLE of all ages, with approxi-
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mately 50% having symptoms at some point dur-
ing their disease.[28]

The prevalence of pericarditis in rheumatoid ar-
thritis varies from 1% of hospitalised patients hav-
ing symptoms, to 20% of patients in an outpatient
clinic who were examined by echocardiographic
screening, to 50% of subjects with seropositive
nodular rheumatoid arthritis. The pericardial fluid
is characterised by a high cell count, with a low
glucose level. Serosal lining cells proliferate in af-
fected hearts from patients with rheumatoid arthri-
tis. Beneath the pericardium is an infiltrate of in-
flammatory cells, including lymphocytes and
plasma cells. Localised fibrinoid necrosis occurs
on the visceral pericardial surface, with surround-
ing palisades of histiocytes resembling a rheuma-
toid nodule.

Pericarditis probably occurs less frequently in
systemic-onset juvenile rheumatoid arthritis
(Still’s disease) and mixed connective tissue dis-
ease.

Myocarditis occurs with rheumatoid arthritis,
systemic sclerosis, systemic-onset juvenile rheu-
matoid arthritis and SLE. The histology of myocar-
ditis in the connective tissue diseases is charac-
terised by a mononuclear cell infiltrate and
fibrosis. Granulomatous lesions are more specific
for rheumatoid arthritis. The granulomas resemble
those found in subcutaneous nodules, with palisad-
ing histiocytes and fibroblasts, monocytes and cen-
tral necrosis. Myocarditis has been associated with
antibodies to the extractable nuclear antigen
ribonucleoprotein (RNP).[29] Neonatal lupus in
children of mothers with anti-Ro (Sjégren’s syn-
drome-associated antigen A), and possibly with
anti-La (Sjogren’s syndrome-associated antigen
B), antibodies is characterised by heart block with
transient myocarditis.[30]

Myocarditis associated with connective tissue
diseases is suspected in the presence of a resting
tachycardia disproportionate to body temperature,
electrocardiographic abnormalities, unexplained
cardiomegaly with or without congestive heart
failure, and conduction system abnormalities and
arrhythmias.

Clin. Immunother. 1(6) 1994
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Endocarditis is not unusual in the connective
tissue diseases. Valvular disease occurs more com-
monly than is recognised clinically, particularly in
SLE.31 Systolic murmurs are noted in up to 44%
of patients with SLE, and diastolic murmurs in 1
to 3%. Echocardiography is useful to detect verru-
cous endocarditis (Libman-Sachs endocarditis).
Verrucae usually occur in proximity to the mitral,
aortic or tricuspid valve leaflet margins. The ver-
rucae consist of aggregates of immune complexes,
mononuclear cells, haematoxylin bodies, fibrin
and platelet thrombi. Rarely, valve dysfunction re-
sults from scarring, and valvular insufficiency
from rupture of chordae tendineae or leaflet perfo-
ration.

An association between aortic and mitral valvu-
litis, typical of Libman-Sachs endocarditis, and
antiphospholipid antibody has been reported.[32]
Antiphospholipid antibody and antiphospholipid
syndrome, characterised by a prolonged prothrom-
bin time and spontaneous non-inflammatory arte-
rial thrombosis, deep vein thrombosis, thrombo-
cytopenia and/or recurrent fetal loss, can occur
with or without SLE. Symptomatic individuals are
treated with anticoagulants, but the optimal choice
among aspirin, heparin, warfarin or a combination
of these therapies has not been determined.!33.34]
Glucocorticosteroid therapy and immunosuppres-
sive agents are not indicated unless active SLE is
noted.33] Treatment of asymptomatic anti-
phospholipid-positive individuals is not indicated
without a past history of thrombosis or fetal
loss.[36]

Treatment for the carditis associated with con-
nective tissue disease is to intensify the treatment
of the systemic disease, with glucocorticosteroids
and/or nonsteroidal anti-inflammatory drugs
(NSAIDs) used to ameliorate the symptoms of car-
ditis.

1.5 Lyme Carditis

Lyme disease is a complex multisystem disease
that results from the immunological response to
infection with the spirochaete Borrelia burg-
dorferi.137] The skin, heart, central and peripheral
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nervous systems and joints may be affected. Origi-
nal reports of the syndrome from Europe were from
Sweden in 1919, and the disease was described as
acrodermatitis chronica atrophica and meningo-
polyneuritis (Bannwarth’s syndrome). There are
regional variations in disease manifestation. The
syndrome usually develops in the late summer or
early autumn, typically with a rash (erythema chro-
nicum migrans) 3 to 30 days after a bite from a tick
infected with the causative organism. The rash first
occurs in the vicinity of the tick bite, but is usually
more diffuse in later stages of the disease. Within
days to weeks of the inoculation, the infection dis-
seminates to distal skin sites, the heart, the nervous
system, the liver and spleen and the synovium and
muscle. Systemic immune complexes are almost
uniformly present, often with cryoglobulins.

Approximately 5% of infected individuals de-
velop cardiac involvement.[38] The most frequent
clinical abnormality is fluctuating degrees of atrio-
ventricular block, varying from first degree block
to complete heart block.[3%] Rarely, patients will
have myopericarditis, left ventricular dysfunction
and cardiomegaly. The duration of cardiac dys-
function is usually brief, 3 days to 6 weeks. Com-
plete heart block rarely persists for more than 1
week.

The diagnosis of Lyme disease is based upon
clinical manifestations, exclusion of other immu-
nological diseases that emulate Lyme disease, and
suspected exposure to tick bite(s) in an endemic
area. Routine serological testing for antibodies
against B. burgdorferi is not sensitive or specific
and, therefore, not generally helpful for screening
but useful for confirming the diagnosis. IgM anti-
body against B. burgdorferi characteristically is
first detected 2 to 4 weeks after the onset of the
erythema chronicum migrans, peaks after 3 to 6
weeks and usually declines to background levels
after 4 to 6 months. IgG antibody levels increase 6
to 8 weeks after the onset of the disease, peak after
6 to 8 months and remain increased indefinitely in
patient with chronic infection.

The methods of serological confirmation of
Lyme disease remain nonstandardised. Immuno-

Clin. Immunother. 1 (5} 1994
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blots showing antibody to proteins of 21, 28 and
94kD are most specific for infection with B.
burgdorferi. Indiscriminate or screening labora-
tory testing for antibodies against B. burgdorferi
will result in a high rate of false positive results.

Oral and parenteral antibiotic therapy is effec-
tive in the early phase of the arthritis or dermatitis,
but improvement of the carditis with such treat-
ment is less well substantiated. Oral administration
of amoxicillin 500mg 4 times daily for adults and
250mg 4 times daily for children less than 8 years
old is used for treatment of first-degree heart block.
Treatment should be administered for 10 to 30
days. Tetracycline or erythromycin are alternatives
if penicillin is contraindicated. Intravenous
ceftriaxone 2g once daily for 14 to 30 days is the
drug of choice for high-degree atrioventricular
block or left ventricular dysfunction. Benzyl-
penicillin 20MU/day or vancomycin 1g twice daily
are alternatives but may be less effective.[37:40]
NSAIDs provide limited relief of the symptoms
that are unresponsive to antibiotics.

2. Vasculitis

Vasculitis is inflammation within blood vessels.
This often results in a narrowing of the vessel lu-
men and causes ischaemia. The ischemia causes
the major manifestations of the vasculitic syn-
dromes and determines the prognosis. Since any
size, location and type of blood vessel may be in-
volved, the vasculitic syndromes are a heteroge-
neous group of diseases.[41-43] Vasculitis was a pri-
mary diagnosis in 1 per 300 patients admitted to a
tertiary university teaching hospital in the US.[44]
Thus, vasculitis is uncommon but not rare.

The inflammation of vasculitis usually results
from the passive involvement of the vasculature
and not from a specific immune response to vascu-
lar antigens. However, antibody specific to endo-
thelial cells (AECA) also contributes to immune
vasculopathy.[43:46] AECAs may contribute to
thrombosis by inhibiting production of anticoagu-
lant factors by the endothelial cell. Immunological
responses to the vascular endothelium may also be
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important in the initiation of the common athero-
sclerotic plaque.[47]

2.1 Systemic Necrotising Arteritis

Systemic necrotising arteritis (SNV) is a broad
group of vasculitic syndromes characterised by in-
tense inflammation of small to medium-sized mus-
cular arteries, defined as having a diameter greater
than 2mm with a well-defined muscularis layer as
well as internal and external elastic membrane.
This inflammation results in vascular obstruction
with extensive tissue ischaemia and infarction. The
latter is responsible for the high mortality and mor-
bidity if SNV is untreated. Typical complications
include bowel ischaemia with perforation, renal
failure, mononeuritis multiplex and cerebrovascu-
lar accident. The individual entities are distin-
guished by the presence or absence of tissue gran-
uloma and the distribution of vessel involvement.
They will be discussed as a group because they all
require aggressive treatment with glucocortico-

steroids and cytotoxic agents to prevent complica-
tions.[41,42]

2.1.1 Polyarteritis Nodosa

Polyarteritis nodosa (PAN) represented 7% of
all forms of vasculitis in a prospective study of
1020 patients over 5 years.[48] PAN is systemic but
does not usually affect the aorta, the primary
branches of the aorta or the elastic pulmonary ar-
teries. Historically, visible or palpable aneurysmal
nodules of the muscular arteries were responsible
for the term ‘periarteritis nodosa’. Small (1 to
S5mm) aneurysmal dilatations of affected arteries
are common, but palpable nodules are rarely seen
in modern times. The decrease in the occurrence of
nodules is probably due to recognition of the dis-
ease in an earlier stage and the application of more
effective treatment that suppresses the develop-
ment of aneurysms in cutaneous arteries. The his-
tology of the disease is characterised by a transmu-
ral pleomorphic cellular infiltrate, fibrinoid
necrosis, thrombosis and aneurysm formation.

The aetiology of PAN is unknown. A subset of
PAN, in some studies as large as 50%, is associated
with hepatitis B antigenaemia.l43] Immune com-

Clin. immunother. 1 (5) 1994
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Table Il. Criteria for the classification of polyarteritis nodosa.*® The
presence of 3 or more criteria suggests a diagnosis of polyarteritis
nodosa

Bodyweight loss > 4 kg

Livedo reticularis

Testicular pain or tendemess

Myalgias, weakness, or leg tenderness

Diastolic blood pressure > 30 mm Hg

Elevated blood urea nitrogen or creatinine

Hepatitis B antigenaemia

Arteriographic abnormality not due to arteriosclerosis,
fibromuscular dysplasia or other noninflammatory causes

Biopsy of small or medium-sized muscular artery showing
granulocytes or granulocytes and mononuclear leucocytes in
the arterial wall

plexes containing hepatitis B surface antigen and
specific IgG and IgM have been demonstrated in
the circulation and within the arterial lesions of
some patients with PAN. In addition, antigens of
streptococci, staphylococci and mycobacteria have
been recognised in the arterial lesions or in the pe-
ripheral blood of affected patients. The quantity of
antigen and the affinity of the antibody in the cir-
culating immune complexes may influence the de-
velopment of PAN.

The symptoms of patients with PAN are vague
and nonspecific. They include malaise, fatigue,
abdominal pain, fever, weight loss, peripheral
nerve deficits with mononeuritis multiplex, and
stroke.[41:421 The American College of Rheumatol-
ogy criteria for distinguishing PAN from other con-
ditions and forms of vasculitis are provided in table
II. The presence of 3 or more of these criteria has
a sensitivity of 82% and a specificity of 86% in

differentiating PAN from other forms of vasculi-
tis.[49]

2.1.2 Allergic Angiitis and Granulomatosis

Allergic angiitis and granulomatosis (AAG)
resembles PAN in that systemic small to medium-
sized muscular arteries are affected with an intense
destructive inflammation characterised by fibrin-
oid necrosis. Distinguishing differences between
the two include: (a) the predominant peripheral eo-
sinophilia (usually > 1.5 x 10%/L and > 10% of
peripheral leucocytes as eosinophils) and tissue eo-
sinophilia of AAG; (b) the tendency of AAG to
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occur in individuals with preceding bronchial
asthma, respiratory allergy and chronic sinusitis;
(c) the wide variability in AAG of the size of af-
fected vessels, ranging from venules to muscular
arteries; (d) the presence, though not in all cases,
of tissue granuloma in AAG; and (e) the involve-
ment of the pulmonary vessels in AAG.[50]

The American College of Rheumatology cri-
teria for diagnosis of AAG are listed in table I11.[51]
The presence of 3 or more of these criteria distin-
guish AAG from other forms of vasculitis with a
sensitivity of 85% and a specificity of 99.7%. Pul-
monary symptoms of asthma precede the vasculitis
by an average of 13 years. Gastrointestinal and car-
diac involvement are more common than renal in-
volvement.

The eosinophilia, elevation of IgE (200 to 220
IU/ml) and association with allergic disease sug-
gest that an accelerated Type I Coombs and Gell
allergic mechanism is important in the pathogen-
esis of AAG. The primary role of the eosinophil
is suggested by the observation that AAG may
occur in nonatopic hypereosinophilic diseases,
such as parasitic infestation, and may be cured
by treating the underlying disease and resolving
the hypereosinophilia.[32] The differential diag-
nosis includes Wegener’s granulomatosis (see
below), the hypereosinophilic syndrome, eosin-
ophilic pneumonia and bronchocentric granulo-
matosis.

2.1.3 Overlap Syndrome

The occurrence of the clinical features of both
PAN and AAG in a single individual is termed the
overlap syndrome. This observation suggests that

Table Ill. Criteria for the classification of allergic granulomatosis
and angiitis (Churg-Strauss syndrome).®"! The presence of 4 or
more criteria suggests the diagnosis of allergic granulomatosis and
angiitis

Asthma

Eosinophilia > 10%
Neuropathy, mono- or poly-
Pulmonary infiltrates, nonfixed
Paranasal sinus abnormality
Extravascular eosinophils

Clin. Immunother. 1 (5) 1994
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Fig. 1. Abdominal angiogram of patient with polyarteritis nodosa demonstrating irregular vessel narrowing (arrowheads) and muitiple 1 to
5mm aneurysmal dilatations of the medium-sized, muscular arteries (arrows).

PAN and AAG may represent portions of the spec-
trum of SNV rather than distinct entities.[33!

2. 1.4 Diagnosis

The diagnosis of SNV requires the histopatholog-
ical demonstration of necrotising vasculitis of mus-
cular arteries with compatible clinical manifesta-
tions. The selection of tissue for biopsy should be
based upon clinical evidence of involvement, since
random biopsy has an unacceptably low yield.[>%]
Typical safe biopsy sites include sural nerve, skin,
muscle and rectum. More invasive biopsy sites, se-
lected only if other laboratory tests indicates involve-
ment, include kidney, lung and bowel.

Angiography, demonstrating multiple 1 to Smm
diameter aneurysms and irregular vessel narrow-
ing, may be helpful in establishing the extent of
disease and suggesting the diagnosis of SNV (fig.
1). The presence of aneurysms correlates posi-
tively with more severe and widespread vasculitis,
hepatitis B antigenaemia, and increased severity of
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hypertension. A normal angiography does not ex-
clude the diagnosis, since abnormalities are de-
tected in only 80% of patients with SNV. Non-
vasculitic entities associated with multiple
aneurysms include thrombotic thrombocytopenic
purpura, atrial myxoma, mycotic aneurysms with
endocarditis, fibromuscular dysplasia and pseudo-
xanthoma elasticum. The role of angiography in
diagnosing AAG is not defined since the frequency
of aneurysm development is unknown.

The demonstration of necrotising vasculitis at a
single site does not necessarily establish the diag-
nosis of SNV. Necrotising vasculitis limited to the
appendix, uterus or skin has been described.

Cutaneous PAN is a necrotising vasculitis lim-
ited to the subcutaneous tissue, with sparing of the
visceral arteries. Systemic symptoms such as fever
and arthralgias may occur with cutaneous PAN.
The long term prognosis is generally benign and
similar to that for patients with hypersensitivity
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Fig. 2. Fluorescent photomicrograph demonstrating cytoplasmic fluorescence typical of the granular, cytoplasmic staining of anti-neutrophil
cytoplasmic antibody in the sera of patients with Wegener’s granulomatosis. The cells with the fiuorescence are polymorphonuclearleucocytes.
The unstained celis are crenated red blood cells. Notice that the nuclei are not stained, which contrasts with the antinuclear antibody of
systemic lupus erythematosus. The staining is distributed throughout the cytoplasm with peripheral predominance in a few of the cells. This
pattern contrasts with that of perinuciear cytoplasmic fluorescence detected in some cases of glomerulonephritis.

vasculitis. Therefore, aggressive therapy is usually
not indicated.

Other laboratory tests are not particularly help-
ful in making or confirming a diagnosis of SNV.
Elevated ESR and other acute phase reactants,
anaemia, thrombocytosis, leucocytosis and re-
duced serum complement are typical, but nonspe-
cific, and reflect the systemic effects of inflamma-
tion.

2.1.5 Treatment

The 5-year survival rate for untreated PAN is 4
to 13%. Monotherapy with systemic glucocortico-
steroids increases the 5-year survival rate to 50 to
80%. The addition of cytotoxic therapy enhances
the response to glucocorticosteroids and helps
minimise their adverse effects by permitting a re-
duction of dosage. Oral cyclophosphamide 2
mg/kg/day in conjunction with oral prednisone 1
to 2 mg/kg/day is the treatment of choice.[>3! The
prednisone is tapered to an alternate day regimen
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within the first 2 to 3 months of therapy. Pred-
nisone therapy is further tapered and can be discon-
tinued after 4 to 8 months if the response continues.
The cytotoxic therapy should be adjusted to main-
tain a neutrophil count of 1000 to 1500 cells/ul and
is tapered after 6 to 12 months if the remission is
sustained.

In chronic hepatitis B infection, interferon-o
may theoretically decrease the amount of circulat-
ing viral antigen by suppressing viral replication.
This could reduce immune complex formation and
possibly ameliorate the vasculitis. There are no
studies of interferon therapy of PAN, although
there are reports of beneficial effects in hypersen-
sitivity vasculitis with essential mixed cryo-
globulinaemia, another condition associated with
hepatitis B.[50)

Treatment of AAG and overlap syndrome is the
same as that of PAN. AAG may respond more
readily to glucocorticosteroid therapy and require
lower dosages of cytotoxic therapy than PAN.
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2.2 Wegener'’s Granulomatosis

Wegener’s granulomatosis (WG) is a clinical
triad of granulomatous vasculitis of the upper and
lower respiratory tract, glomerulonephritis, and
variable degrees of a small-vessel vasculitis.[57]
Limited forms of the disease occur with airway
involvement only. WG occurs with approximately
the same frequency as PAN and develops in all age
groups, although characteristically in the fourth or
fifth decade.

A role for humoral immunity in the pathophys-
iology of WG is suggested by:
¢ increased levels of serum immunoglobulins;

o vascular deposits of immunoglobulin and com-
plement;

¢ increased numbers of circulating B lympho-
cytes;

e the presence of autoantibodies, such as IgM
rheumatoid factor and antineutrophil cytoplas-
mic antibody (ANCA).

ANCAs are detected in 60 to 70% of patients
with WG, and the level of this antibody often
fluctuates with the activity of disease.[>8] The
pathophysiological importance of ANCAs may be
to activate neutrophils, which contribute to the vas-
cular injury. ANCAs have also been detected in
glomerulonephritis without WG, but the pattern of
fluorescence is distinguished by perinuclear stain-
ing rather than the granular cytoplasmic fluores-
cence seen in WG (fig. 2).059

The cytoplasmic antigen recognised by ANCAs
in WG is probably proteinase 3; the antigen
recognised by perinuclear ANCAs is myelo-
peroxidase in 90% of patients.[3%-60] The specific-
ity of a positive granular cytoplasmic ANCA ap-
proaches 99%, but the sensitivity ranges from 50
to 96%, increasing with the systemic extent and
activity of disease.[61]

The histology of WG is necrosis of small arter-
ies and veins with fibrin deposition (fibrinoid ne-
crosis), mononuclear cell infiltration with necrotis-
ing granulomas containing giant cells, and healing
with fibrosis. Renal involvement, present in 80%
of affected patients, is typically a glomerulonephri-
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Table IV. Criteria for the classification of Wegener’s granuloma-
tosis.® The presence of 2 or more criteria suggests the diagnosis
of Wegener’s granulomatosis

Nasal or oral inflammation

Abnormal chest radiographs (nodules, fixed infiltrates, or
cavities)

Urinary sediment (> 5 erythrocytes per high power field, or red
cell casts)

Granulomatous inflammation on biopsy

tis of variable severity ranging from minimal dis-
ease to progressive renal insufficiency.

Patients with WG usually present with com-
plaints localised to the airway, most commonly si-
nusitis and/or nasal obstruction. Other frequent
symptoms and signs include otitis media and ear
pain, decreased auditory acuity, epistaxis and nasal
septal cartilage necrosis, laryngitis and cough with
sputum production and haemoptysis.

The American College of Rheumatology cri-
teria for the diagnosis of WG are listed in table
IV.[62] Two or more of these criteria suggest a di-
agnosis of WG, with a sensitivity of 88% and a
specificity of 92%. The diagnosis of WG depends
on an adequate tissue biopsy specimen showing
necrotising granulomas and vasculitis. An open
lung biopsy is the most likely site to have the char-
acteristic pathological findings. Other biopsy sites,
such as the nasopharynx, sinus mucosa, gingiva, or
skin, may also be helpful but frequently exhibit
nonspecific chronic inflammation. Vasculitis and
granulomas are infrequently detected on renal bi-
opsies, with renal histological abnormalities usu-
ally limited to glomerulonephritis. Detection of se-
rum ANCA is helpful in supporting a diagnosis, but
alone is not diagnostic. Other supportive labora-
tory findings include an increase in acute phase
reactants, positive rheumatoid factor in 50% of pa-
tients, and haematuria with or without casts and
proteinuria. Abnormal sinus roentgenograms oc-
cur in more than 95% of patients, and roentgeno-
grams of the chest frequently reveal ill-defined in-
filtrates, single or multiple nodules and/or the more
characteristic cavitary lesions (fig. 3).

The differential diagnosis of WG includes other
forms of vasculitis, particularly AAG; syphilis;
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Before

After

Fig. 3. Chest x-rays of a patient with Wegener's granulomatosis before and after treatment. Before: bilateral nodular infiltrates with cavitation
in middle and upper lung fields. After: the same patient showing aimost complete resolution of abnormalities after 2 months of treatment.

midline granuloma; Goodpasture’s syndrome;
streptococcal pneumonia with glomerulonephritis;
malignancies of the airway, particularly nasal pha-
ryngeal carcinoma and lymphoma; and granuloma-
tous diseases, such as sarcoidosis, berylliosis, tu-
berculosis, and fungal infection.

Untreated patients with WG have a mean sur-
vival of 5§ months with a 90% mortality in 2 years.
Treatment is effective, with improvement in 75 to
90% of patients and possible cure in some. The
treatment regimen is the same as described with
PAN, although glucocorticosteroid monotherapy
may be effective in selected patients. Individuals
with localised disease, sparing the kidneys, would
be candidates for this simplified therapy. Other
cytotoxic agents, such as azathioprine, are effec-
tive and particularly useful if haemorrhagic cystitis
develops with cyclophosphamide therapy.

The antimetabolite methotrexate has been
shown to be effective in 1 study.[%3] Methotrexate
is administered once a week at doses of 15 to S0mg,
and may be better tolerated than cytotoxic agents
in most patients. Finally, there are anecdotal re-
ports of the effectiveness of therapy with the anti-
biotic cotrimoxazole (trimethoprim/sulfamethox-
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azole).[%4 An implication of the efficacy of anti-
biotic therapy is that an infectious agent, possibly
with an airway portal of entry, may be important in
the aetiology of WG. A prospective randomised
trial comparing this less toxic form of treatment
with the glucocorticosteroid/cytotoxic combina-
tion is needed before antibiotic therapy is accepted
as standard care.

2.3 Microscopic Polyarteritis

Microscopic polyarteritis (MPA) is a small ves-
sel necrotising vasculitis affecting the lung. It
causes serious pulmonary haemorrhage. MPA may
be an atypical form of WG,[95] although this is con-
troversial. MPA also typically affects the kidney
and abdominal viscera, and nasopharyngeal and
oral involvement may occur. Rapidly progressive
crescentic glomerulonephritis, often more fulmi-
nant than in WG, is typical of the renal disease.
Granulomas do not usually occur in MPA, but
ANCAs are frequently detected. The isotype of the
ANCA in arteritis may help to distinguish clinical
subsets of the disease.[06] IgM ANCA is associated
with vasculitis and pulmonary haemorrhage, IgA
ANCA with a syndrome resembling Henoch-
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Schonlein purpura, and IgG ANCA with vasculitis
in the context of antiendothelial cell antibody. Sur-
vival after diagnosis is shorter with MPA than WG.
The treatment of MPA is the same as for WG, al-
though intravenous immunoglobulin may be effec-
tive in patients with ANCA.[67] However, no con-
trolled trial data on immunoglobulin therapy of
MPA is available.

2.4 Giant Cell Vasculitis and
Takayasu Arteritis

2.4.1 Giant Cell Vasculitis

Giant cell vasculitis (GCV), also referred to as
temporal arteritis, is a generalised vasculitis affect-
ing large and medium-sized arteries with a well
defined elastic lamina. Temporal arteritis is a mis-
nomer, since any arterial bed may be affected, but
extracranial branches of the carotid arteries are the
most commonly affected and ischaemia from GCV
is rarely noted below the neck.
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The incidence of GCV increases about 30-fold
from 50 to 80 years of age. It occurs rarely before
the age of 50 years. The importance of genetic fac-
tors is suggested by: (a) the predominance of GCV
in White populations, particularly of northern Eur-
ope and North America; (b) familial aggregation;
and (c¢) association with HLA-DR4. GCV is 2 to 3
times more prevalent in women than in men.(68]
The aetiology is unknown, but a cell-mediated au-
toimmune response against the vascular wall, par-
ticularly the elastic lamina, is a potential explana-
tion. Associated immunological changes include a
decrease in peripheral T suppressor cells when the
disease is active.[09]

The histological appearance of affected vessels
is a segmental, predominantly mononuclear, cell
infiltrate of macrophages and T helper lympho-
cytes with giant cell formation (fig. 4). The major
site of involvement is the vascular media, with
smooth muscle necrosis and interruption of the in-
ternal elastic membrane. Variable intimal prolifer-

2
>
<

Fig. 4. Photomicrograph of temporal artery biopsy specimen in a patient with temporal arteritis (giant cell arteritis). An intense, destructive
inflammatory process is demonstrated with a predominance of mononuclear cell infiltration, macrophages and monocytes, and T helper
lymphocytes, with giant cell formation (small arrow). The inflammation is diffuse but somewhat focused on the elastic lamina with disruption
of the elastic tissue (arrowhead). Intimal proliferation is a significant contributor to the obstruction of the vessel (large arrow). Stained with

haematoxylin/eosin, magnification x 160.
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Table V. Criteria for the classification of temporal (giant celi)
arteritis.”® The presence of 3 or more criteria suggests the
diagnosis of temporal arteritis (giant cell vasculitis)

Age at disease onset = 50 years

New headache

Temporal artery abnormality (tenderness to palpation or
decreased pulsation unrelated to arteriosclerosis of cervical
arteries)

Elevated erythrocyte sedimentation rate (= 50 mm/hour by the
Westergren method)

Abnormal artery biopsy (vasculitis with a predominance of
mononuclear cells or granulomatous inflammation, usually with
multinucleated giant cells)

ation may progress to vessel occlusion, with the
resultant ischaemia responsible for the major mor-
bidity.

The symptoms of GCV include headache, fa-
tigue, anorexia, fever, visual impairment and dip-
lopia, and jaw claudication (ischaemic pain when
chewing or talking). The American College of
Rheumatology criteria for the diagnosis of GCV
are listed in table V.[70) The presence of 3 or more
of these criteria yields a sensitivity of 94% and a
specificity of 91% in making the diagnosis. Func-
tional visual impairment occurs in more than one-
third of untreated patients and is secondary to isch-
aemia in the distribution of the retinal artery.

The diagnosis of GCV is made with a biopsy
specimen, usually of the temporal artery, demon-
strating giant cell arteritis. The yield of biopsy is
enhanced if performed upon palpable abnormali-
ties of the vessel, but the pathological diagnosis
can be made from biopsies of clinically normal
vessels in 30 to 40% of suspected cases. Other lab-
oratory findings are nonspecific, but include eleva-
tion of the ESR, a mild normochromic normocytic
anaemia, and slight elevation of hepatic transami-
nases and alkaline phosphatase.

Within days of initiation of glucocorticosteroid
therapy, both the systemic symptoms and focal
manifestations of GCV improve. This treatment
also prevents the most frequent cause of irre-
versible morbidity, visual loss. Treatment is ini-
tially with oral prednisone 40 to 60mg daily (1
mg/kg/day), and the clinical findings and ESR are
monitored. The dosage usually can be tapered to 5
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to 10 mg/day over 6 to 12 months, but low-dosage
therapy may be necessary for several years with a
mean duration of disease approximately 24
months. Cytotoxic therapy may be useful if the ad-
verse effects of glucocorticosteroids cause prob-
lems. Oral cyclophosphamide 1 to 2 mg/kg/day as
a single daily dose or azathioprine 1 to 2 mg/kg/day
have been used without proof of efficacy.

Consideration should also be given to pulse in-
travenous methylprednisolone 20 mg/kg/day ad-
ministered over 30 to 60 minutes for 3 days, or 1
gram every 12 hours for 5 days, for acute onset
ischaemic retinal disease.l’!} This intravenous
therapy is followed by daily oral glucocorticoids
as described above.

Polymyalgia rheumatica is a syndrome that may
be associated with GCV and is characterised by
proximal myalgias, periarticular stiffness and pain,
weight loss and fever. Some 40 to 50% of patients
with polymyalgia rheumatica have GCV of the
temporal artery even though they may have no
head symptoms. The symptoms of polymyalgia
rheumatica usually respond to lower doses of anti-
inflammatory drugs than do the symptoms and
ischaemic manifestations of GCV.

2.4.2 Takayasu Arteritis

Takayasu arteritis resembles temporal arteritis
histologically but affects young adults, usually 15
to 20 years of age, with a striking preponderance
(9 : 1) in females. Takayasu arteritis is rare, with
an estimated incidence in the US of 2.6 cases per
million compared with 16 per million for temporal
arteritis.[72] The incidence in the Orient, particu-
larly Japan, is much higher. An increased incidence
of certain HLA markers in affected patients and its
occurrence in monozygotic twins suggest that the
disease is influenced by genetic factors.[73-76]
Multiple antigenic triggers, including mycobacte-
ria and streptococci, have been inconclusively sug-
gested to initiate the disease.[”7]

The disease characteristically has 3 phases.
Typically, systemic symptoms develop, resolve
over several weeks and are followed by arteritis,
usually affecting the aortic arch and its major
branches. The arteritis also resolves, with an ensu-
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Fig. 5. Photomicrograph of skin biopsy of a patient with hypersensitivity vasculitis. The celiular infiltrate results in a ‘busy, smudged’ appearance.
Small arterioles are infiltrated with neutrophils (small arrow head), red blood cells are extravasated (small arrow), and fragments of nuclear
debris (nuclear dust) result in a basophilic stippling of the specimen (large arrow head). Fibrin strands in the affected vessels, not seen in this
photograph, are another important histological finding of hypersensitivity vasculitis. Stained with haematoxylin/eosin, magnification x 158.

ing asymptomatic period (mean of 8 years) before
vaso-occlusive signs and symptoms develop. The
signs of the obstructive vasculopathy include an ab-
sence of or decreased arterial pulses and bruits of the
aorta and/or its major branches. The pulmonary tree
is affected in about half of affected patients.[78]

Routine laboratory studies generally are not
helpful in making the diagnosis, although in-
creased ESR, anaemia and hypergammaglobulin-
aemia are frequently noted in the early phase of the
disease. Arteriography is central to the diagnosis,
with findings of irregular vessel narrowing, occlu-
sion and aneurysms.

Glucocorticosteroids are somewhat effective in
suppressing the arteritis, but their efficacy in pro-
longing life and reducing morbidity and mortality
is unknown. Current recommendations are that ini-
tial therapy with oral prednisone 40 to 80 mg/day
should be reduced to alternate day therapy over
several months and then tapered.[’®] Cytotoxic
therapy with cyclophosphamide 2 mg/kg/day, aza-
thioprine 2 mg/kg/day, or possibly methotrexate
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0.2 mg/kg orally once weekly, has been shown to
be of benefit in selected patients with active dis-
ease not responding to glucocorticosteroids. Vas-
cular surgery to relieve arterial obstruction should
be considered after the inflammatory disease has
abated. The presence of ischaemic retinopathy, se-
vere hypertension, significant aortic valvular in-
sufficiency or aortic or other large artery aneu-
rysms is associated with an increased mortality,
26% over 5 years.[80! These findings warrant more
aggressive evaluation and therapy with closer fol-
low-up. The use of angiotensin converting enzyme
(ACE) inhibitors in the management of the hyper-
tension is controversial.[81:82]

2.5 Hypersensitivity Vasculitis

Hypersensitivity vasculitis (HV) is a heteroge-
neous group of clinical syndromes characterised
by immune complex deposition in capillaries, ven-
ules and occasionally arterioles. The histology is
described as leucocytoclastic vasculitis (fig. 3).
The source of antigens for the complexes is varied
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Fig. 6. Palpable purpura in a patient with hypersensitivity vasculitis. The lesions tend to occur in a symmetrical distribution in dependent areas.
The fresh lesions are slightly raised due to the inflammatory infiltrates with oedema. The older iesions demonstrate hyperpigmentation due

to the haemoglobin pigment products in the dermis.

and includes both exogenous (drugs, foreign pro-
teins, food, bacteria and viruses) and endogenous
(immunoglobulins, DNA and tumour antigens)
substances.

HYV is the most common type of vasculitis, rep-
resenting 17 to 29% of cases in the American Col-
lege of Rheumatology vasculitis study.[9] HV is
usually not life threatening. The typical manifesta-
tions are dermatological, with more than 95% of
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patients exhibiting palpable purpura (fig. 6). Other
manifestations include urticaria, erythema multi-
forme and livedo reticularis. The lesions tend to be
in the same stage of development, with a symmet-
rical distribution usually in dependent areas of the
body. Visceral involvement is infrequent and usu-
ally of mild severity.

Laboratory tests, other than biopsy, are not par-
ticularly helpful in making a diagnosis. The ESR
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and levels of other acute phase reactants are typi-
cally increased, circulating immune complexes
and cryoglobulins may be present and serum com-
plement may be slightly decreased.

Specific syndromes within the HV group are nu-
merous.[83] Serum sickness reactions are rare,
since heterologous serum therapy is seldom used.
A similar syndrome can occur with high-dosage
antibiotic therapy in which immune complexes de-
velop from antibodies to the circulating drug.
Henoch-Schonlein purpura usually occurs in chil-
dren after a viral or streptococcal illness and is as-
sociated with arthralgias or arthritis, abdominal
pain, gastrointestinal tract haemorrhage, and mild
nephritis with deposition of immune complexes
containing IgA. Mixed cryoglobulinaemia is char-
acterised by immune complexes containing IgM
rheumatoid factor that aggregates IgG. Essential
mixed cryoglobulinaemia, cryoglobulinaemia not
associated with malignancy or connective tissue
disease, is characterised by generalised weakness,
peripheral neuropathy, and a 50% incidence of sig-
nificant renal disease. Hepatosplenomegaly,
mononeuritis multiplex and diffuse glomerulone-
phritis distinguish essential mixed cryoglobulinae-
mia as having a greater morbidity and mortality
than other forms of HV.[84]

The prognosis of HV is generally good. Re-
moval of an offending exogenous antigen, antihis-
tamines for urticarial manifestations, or benign ne-
glect may be all that is needed. Recurrent or
persistent vasculitis may be resistant even to ag-
gressive immunosuppressive therapy, plasma ex-
change or intravenous immunoglobulin adminis-
tration, 851 which are reserved for those rare cases
of HV with progressive renal disease or neuropa-
thy.

Interferon-a. therapy for mixed cryoglobulinae-
mia may be useful.l36] In this study, within 4 weeks
of initiating therapy, 16 of 21 treated patients ex-
perienced clinical improvement, reduction or res-
olution of cutaneous vasculitis, improvement in re-
nal function and decrease in levels of circulating
cryoglobulin. Long term remission or suppression
of disease was noted in 9 patients. Antibodies spe-
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cific to exogenous interferon may limit the effec-
tiveness of this treatment. It is unknown whether
the improvement in the cryoglobulinaemia is a re-
sult of an antiviral effect of the interferon therapy.

2.6 Kawassaki Disecse

Kawasaki disease is an acute vasculitis that pri-
marily affects infants and young children. It occurs
in both an endemic and epidemic form worldwide,
but is most prevalent in Japan. In Japan, the annual
endemic incidence is 67 per 100 000 children
younger than 5 years of age. The incidence during
an epidemic, which usually occurs in the autumn
or late winter, is 200 per 100 000 children. Occur-
rence data are incomplete in the US, but 2126 cases
were reported to the Centers for Disease Control
between July 1976 and December 1985. The inci-
dence seems to be increasing worldwide, and
Kawasaki disease is a leading cause of acquired
heart disease in children. The aetiology is un-
known, with the most widely held aetiological the-
ory being that an infectious agent is responsi-
ble.[86.871

Kawasaki disease typically has 4 phases. Stage
1, 1 to 10 days after disease onset, is characterised
by high fever (often >40°C), nonexudative con-
junctival injection, erythematous and fissured lips,
erythema of the pharynx and oedema of the tongue
(strawberry tongue), cervical adenopathy, oedema
and erythema of hands and feet, an exanthem and
elevation of acute phase reactants.

Immune activation is a striking feature of this
acute phase of the illness. The documented im-
munoregulatory abnormalities during Stage 1 in-
clude:

o T cell lymphopenia

e deficiency of CD8 suppressor/cytotoxic T cells
e increase in activated CD4 T helper cells

¢ polyclonal B cell activation

e ANCA

¢ antibodies specific for endothelial cell antigens

e increase in serum levels of cytokines such as
interferon-y, IL-1, IL-6 and TNFo. (88]
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The expression of endothelial cell antigens,
such as endothelial-leucocyte adhesion molecule-1
(ELAM-1), ICAM-1 and MHC class II antigens,
are stimulated or enhanced by IL-1, TNFa and in-
terferon-y. The expression of MHC class II anti-
gens by endothelial cells enables them to serve as
antigen-presenting cells to lymphocytes. IL-1
and TNFo may increase the susceptibility of en-
dothelial cells to immunological injury from cir-
culating antibody.[8%] IL-1 and TNFo also in-
duce endothelial procoagulant activity and
decrease anticoagulant function via reduction of
endothelial thrombomodulin/protein C anticoagu-
lant.[%0! These developments contribute to endo-
thelial injury and thrombosis.

During Stage 2 (10 to 25 days after onset), the
systemic manifestations resolve as vasculitis and
myocarditis develop. The vasculitis resembles
PAN, affects the coronary and other medium-sized
muscular arteries, and is associated with the devel-
opment of aneurysms with thrombosis in 15 t0 25%
of untreated patients. In Stage 3 (25 to 40 days after
onset), the vasculitis regresses with fibrosis of af-
fected vessels. In Stage 4 (40 days to 4 years after
onset), scar formation and organisation of thrombi
of affected vessels leads to stenosis. Mortality sec-
ondary to untreated Kawasaki disease is 0.5 to 1%.
Approximately 80% of the deaths are due to myo-
cardial infarction secondary to thrombosis or rup-
ture of a proximal coronary artery aneurysm. Other
contributing causes of death are arrhythmia and
heart failure. The peak time of death is 3 to 4 weeks
after onset of the acute illness, but death can occur
as early as 1 week or as late as 14 years.

The diagnosis is based upon recognition of the
clinical features in the appropriate age group. Two-
dimensional echocardiography is the mainstay of
clinical assessment, utilised to assess myocardial
function and dilatation of the coronary arteries.
Coronary aneurysms may be detected as early as 7
days after the onset of fever, and the incidence of
aneurysm peaks 3 to 4 weeks into the illness.

High dosage intravenous immunoglobulin re-
duces the occurrence of coronary artery aneu-
rysms, the cause of the major morbidity and mor-
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tality. A single dose of 2 g/kg should be infused
over 10 hours. This schedule of administration is
more effective than giving 400 to 500 mg/kg/per
day for 4 to 5 consecutive days.[9!] The mechanism
of action of intravenous immunoglobulin is un-
known, but possibilities include: (a) im-
munomodulation, with a rapid decrease in the
acute phase response after administration; (b) neu-
tralisation of an unidentified infectious agent; and
(c) blockade of Fc receptors. Low dosage aspirin
(5 mg/kg/day) may be useful for antithrombotic
therapy after resolution of the acute illness.

2.7 Other Forms of Vasculitis

The spectrum of vasculitis is diverse, and nu-
merous entities do not fit into the above broad cat-
egories. Examples of these include: Buerger’s dis-
ease, vaso-occlusive vasculitis of the lower
extremities associated with cigarette smoking;
Behget’s disease, prevalent in the Orient and Mid-
dle East and characterised by recurrent aphthous
stomatitis, genital ulcerations, uveitis, meningoen-
cephalitis and phlebitis; and isolated central nerv-
ous system vasculitis, a rare disease with a poor
prognosis which primarily affects intracranial ar-
teries without a systemic acute phase response.[92]

3. Conclusions

The immunological cardiovascular diseases are
a heterogenous group of conditions. Many of these
entities are associated with serious morbidity and
mortality due to cardiac impairment, ischaemic
complications or organ dysfunction, particularly of
the kidneys, lung and nervous system. The sys-
temic nature of these conditions, coupled with
vague symptoms and nonspecific initial physical
findings makes the differential diagnosis compli-
cated. All physicians need to have an awareness
of these illnesses, as affected individuals may be
of any age and could present to a generalist or
specialist.

Several of the immunological cardiovascular
diseases occur following specific infections, and
treatment of these infections ameliorates or miti-
gates these diseases. Other immunological cardio-
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vascular diseases may result from a preceding in-
fection, but the aetiological agent has not been
identified. In this latter situation, the clinician must
resort to symptomatic or immunosuppressive treat-
ment.

Immunosuppressive therapy, despite the poten-
tial complications, has improved the prognosis of
some of the more serious immunological cardio-
vascular diseases. The possibilities of active un-
treated infection, malignancy and collagen vascu-
lar disease should be excluded prior to the
initiation of immunosuppressive anti-inflamma-
tory treatment, as such therapy may mask and po-
tentially complicate these conditions.

Improvement in the treatment of the immuno-
logical cardiovascular diseases awaits identifica-
tion of additional aetiological agents, improved
definition of host factors that predispose an indi-
vidual to develop these conditions, and better un-
derstanding of the immune dysregulation respon-
sible for the pathology.

Acknowledgements

Figures 3 and 6 were kindly provided by Dr Luis Es-
pinosa, Professor and Chief of the Section of Rheumatology,
Louisiana State University at New Orleans, Louisiana, USA.

References
. Parrillo JE, Fauci AS. Immunological diseases of the cardiovas-
cular system. In: Lockey RF, Bukantz SC, editors. Principles
of Immunology and Allergy. Philadelphia: Saunders, 1987:
271-87
2. Shimizu Y, Newman W, Tanaka Y et al. Lymphocyte interac-
tions with endothelial cells. Immunol Today 1992; 13: 106-12
3. Zimmerman GA, Prescott SM, Mclntyre A. Endothelial cell
interactions with granulocytes: tethering and signalling mol-
ecules. Immunol Today 1992; 113: 93-9
4. Markowitz M, Kaplan EL. Reappearance of rheumatic fever.
Adyv Pediatr 1989; 361: 39-65
5. Stollerman GH. Rheumatic fever. In: Kelley WN, Harris ED,
Ruddy S, et al., editors. Textbook of Rheumatology. 2nd ed.
Philadelphia: Saunders, 1985: 1277-93
6. Husby G, Van de Rijn I, Zabriskie JB, et al. Antibodies reacting
with cytoplasm of subthalamic and caudate nuclei neurons in
chorea and acute rheumatic fever. J Exp Med 1976; 144:
1094-110
7. Abe ], Forrester J, Nakahara T, et al. Selective stimulation of
human T-cells with streptococcal erythrogenic toxins A and
B. J Immunol 1991; 146: 3747-50
8. Patarroyo ME, Winchester RJ, Vejerano A, et al. Association of
a B-cell alloantigen with susceptibility to rheumatic fever.
Nature 1979; 278: 173-4

—_

© Adis International Limited. All rights reserved,

10.

11.

13.

14.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

345

. Jones criteria (revised) for guidance in the diagnosis of rheu-

matic fever. Circulation 1965; 32: 664-8

Barnert AL, Jerry EE, Persellin RH. Acute rheumatic fever in
adults. JAMA 1975; 232: 925-8

Perry BC. Erythema marginatum. Arch Dis Child 1937; 12:
233-8

. Beachey EH, Stollerman GH, Johnson RH, et al. Human im-

mune response to immunization with a structurally defined
polypeptide fragment of streptococcal M protein. ] Exp Med
1979; 150: 862-77

Bisno AL. Rheumatic fever. In: Kelly WN, Harris ED, Ruddy
S, et al., editors. Textbook of rheumatology. 4th ed. Philadel-
phia: Saunders, 1993: 1209-23

Bisno AL. The resurgence of acute rheumatic fever in the U.S.
Annu Rev Med 1990; 41: 391-2

. Vasiljevic JD, Kanjuh V, Seferovic P. The incidence of myocar-

ditis in endomyocardial biopsy samples from patients with
congestive heart failure. Am Heart J 1990; 120: 1370-7

. Lie JT. Myocarditis and endomyocardial biopsy in unexplained

heart failure: a diagnosis in search of a disease. Ann Intern
Med 1988, 109: 525-8

. Bowles NE, Rose ML, Taylor P, et al. End-stage dilated cardio-

myopathy. Persistence of enterovirus RNA in myocardium at
cardiac transplantation and lack of immune response. Circu-
lation 1989; 80: 1128-36

Hypid T. Etiological diagnosis of viral heart disease. Scand J
Infect Dis 1993; 88 (Suppl.): 25-31

McManus BM, Kendolph R. Evolving concepts of cause, con-
sequence and control in myocarditis. Curr Opin Cardiol 1991;
6: 418-27

Woodrnuff JE. Viral myocarditis: a review. Am J Pathol 1980;
101: 427-80

Maisch B, Trostel-Soeder R, Stechmesser F, et al. Diagnostic
relevance of humoral and cell-mediated immune reactions in
patients with acute viral myocarditis. Clin Exp Immunol
1982; 48: 533-45

Hufnagel G, Maisch B. Expression of MHC class I and II anti-
gens and the IL-2 receptor in rejection, myocarditis and di-
lated cardiomyopathy. Eur Heart J 1991; 12: 137-40

Kiihl U, Daun B, Seeberg B, et al. Dilated cardiomyopathy — a
chronic myocarditis? Immunohistological characterization of
lymphocytic infiltrates. Herz 1992; 17: 97-106

Hergstenberg C, Rose ML, Olsen MCJ, et al. Immune resonse
to the endothelium in myocarditis, dilated cardiomyopathy
and rejection after heart transplantation. Eur HeartJ 1991; 12:
144-6

Sanderson JE, Koech D, Tha D, et al. T-lymphocyte subsets in
idiopathic dilated cardiomyopathy. Am J Cardiol 1985; 55:
755-8

Maze SS, Adolph RJ. Myocarditis: unresolved issues in diag-
nosis and treatment. Clin Cardiol 1990; 13: 69-79

Maisch B, Herzum M, Schonian U. Immunomodulating factors
and immunosuppressive drugs in the therapy of myocarditis.
Scand I Inf Dis 1993; 88(S): 149-62

Rothfield N. Clinical features of systemic lupus erythematosus.
In: Kelley WN, Harris ED, Ruddy S, et al., editors. Textbook
of Rheumatology. 2nd ed. Philadelphia: Saunders, 1985:
1087-8

Hochberg MC, Dorsch CA, Feinglass EJ, et al. Survivorship in
SLE: effect of antibody to extractable nuclear antigen. Arth
Rheum 1981; 24: 54-9

Lockshin MD, Bonfa E, Elkon K, Druzin ML. Neonatal lupus
risk to newborns of mothers with systemic lupus erythemato-
sus. Arth Rheum 1988; 31: 697-701

Clin. Immunother. 1 (5) 1994



346

3L

32.

33.

34.

35.

36.

37.
38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5L

Straaton KV, Chatham WW, Reveille JD, et al. Clinically sig-
nificant valvular heart disease in systemic lupus erythemato-
sus. Am J Med 1988; 85: 645

Chartash EK, Lang DM, Paget SA, et al. Aortic insufficiency
and mitral regurgitation in patients with systemic lupus ery-
thematosus and the antiphospholipid syndrome. Am J Med
1989; 86: 407-14

Lockshin MD. Which patients with antiphospholipid antibody
should be treated and how? Rheum Dis Clin N Am 1993; 19:
235-47

Lockshin MD. Antiphospholipid antibody and antiphospholipid
syndrome. Curr Opin Rheumatol 1991; 3: 797-802

Lockshim MD, Druzin ML, Qamar T. Prednisone does not pre-
vent recurrent fetal death in women with antiphospholipid
antibody. Am J Obstet Gynecol 1989; 160: 439-43

Qamar T, Levy RA, Sammaritano L. Characteristics of high-ti-
ter IgG antiphospholipid antibody in systemic lupus erythe-
matosus patients with and without fetal death. Arth Rheum
1990; 33: 501-4

Steere AC. Lyme disease. N Engl ] Med 1989; 321: 586-96

Steere AC, Batsford WP, Weinberg M, et al. Lyme carditis: car-
diac abnormalities of Lyme disease. Ann Intern Med 1980;
98: 8

McAlister HE, Klementowica PT, Andrews C, et al. Lyme car-
ditis: an important cause of reversible heart block. Ann Intern
Med 1989; 110: 339

Rahn DW, Malawista SE. Lyme disease: recommendations for
diagnosis and treatment. Ann Intern Med 1991; 114: 472-87

Cupps TR, Fauci AS. The vasculitides. In: Smith LH, editor.
Major problems in internal medicine. Philadelphia: Saunders,
1981;21: 1-211

Fauci AS, Haynes B, Katz P. The spectrum of vasculitis: clini-
cal, pathologic, immunologic and therapeutic considerations.
Ann Intern Med 1978; 89: 660-76

Sergent JS, Lockshin MD, Christin CL, et al. Vasculitis with
hepatitis B antigenemia: long-term observations in nine pa-
tients. Medicine 1976; 55: 1-18

. Kohler PF, Claman HV. Systemic vasculitis. In: Franklin EC,

editor. Clinical immunology updates: reviews for physicians.
New York: Elsevier, 1981: 293-319

Brasile L, Kremer JM, Clarke JL, Cerilli J. Identification of an
autoantibody to vascular endothelial cell-specific antigens in
patients with systemic vasculitis. Am J Med 1989; 87: 74-80

Frampton G, Jayne DR, Perry GJ, et al. Autoantibodies to en-
dothelial cells and neutrophil cytoplasmic antigens in sys-
temic vasculitis. Clin Exp Immunol 1990; 82: 227-32

Libby P, Hansson GK. Involvement of the immune system in
human atherogenesis: current knowledge and unanswered
questions. Lab Invest 1991; 64: 5-15

Bloch DA, Micel BA, Hunder GG, et al. The American College
of Rheumatology 1990 criteria for the classification of vascu-
litis: patients and methods. Arthritis Rheum 1990; 33: 1068-
73

Fries JF, Hunder GG, Bloch PA et al. The American College of
Rheumatology 1990 criteria for classification of vasculitis:
summary. Arthritis Rheum 1990; 33: 1065-7

Guillevin L, Le This Huong Du, Godeau P, et al. Clinical find-
ings and prognosis of polyarteritis nodosa and Churg-Strauss
angiitis; a study in 165 patients. Br J Rheumatol 1988; 27:
258-64

Masi AT, Hunder GG, Lie JT, et al. The American College of
Rheumatology 1990 criteria for the classification of Churg-
Strauss syndrome (allergic granulomatosis and angiitis). Ar-
thritis Rheum 1990; 33: 1094-100

© Adis International Limited. All rights reserved.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ledford

Chaauhan C, Scott DGI, Neuberger J, et al. Churg-Strauss vas-
culitis and ascaris infection. Ann Rheum Dis 1990; 49: 320-2

Leavitt RY, Fauci AS. Polyangiitis overlap syndrome: classifi-
cation and prospective clinical experience. Am J Med 1986;
81:79-84

Dahlberg PJ, Lockhart JM, Overholt EL. Diagnostic studies for
systemic necrotizing vasculitis. Arch Intern Med 1989; 149:
161-5

Fauci AS, Katz P, Haynes BF, et al. Cyclophosphamide therapy
of severe systemic necrotizing vasculitis. N Engl J Med 1979;
301: 235-8

Casato M, Lagana B, Giorgi A, et al. Clinical effects of inter-
feron in patients with idiopathic mixed cryoglobulinemia. Eur
J Hematol 1990; 52S: 7-8

Fauci AS, Haynes BF, Katz P, et al. Wegener’s granulomatosis.
Ann Intern Med 1983; 98: 76-85

Ferraro G, Meroni PL, Tincani A, et al. Anti-endothelial cell
antibodies in patients with Wegener’s granulomatosis and
micropolyarteritis. Clin Exp Immunol 1990; 79: 47-53

Falk RJ, Jennette JC. Anti-neutrophil cytoplasmic autoantibod-
ies with specificity for myeloperoxidase in patients with sys-
temic vasculitis and idiopathic necrotizing and crescentic
glomerulonephritis. N Engl J Med 1988; 318: 1651-7

Goldschmeding R, van der Schoot CE, ten Bokkel Huinink D,
et al. Wegener’s granulomatosis autoantibodies identify a
novel diisopropylfluorophosphate-binding protein in the ly-
sosomes of normal human neutrophils. J Clin Invest. 1989;
84: 1577-87

Nolte B, Specks U, Liidemann J, et al. Anticytoplasmic auto-
antibodies: their immunodiagnostic value in Wegener’s gran-
ulomatosis. Ann Int Med 1989; 111: 28-40

Leavitt RY, Fauci AS, Bloch DA, et al. The American College
of Rheumatology 1990 criteria for the classification of
Wegener’s granulomatosis. Arthritis Rheum 1990; 33: 1101-7

Hoffman GS, Leavitt RY, Kerr GS, et al. The treatment of
Wegener’s granulomatosis with glucocorticoids and metho-
trexate. Arthritis Rheum 1992; 35: 1322-9

Valeriano-Marcet J, Spiera H. Treatment of Wegener’s granu-
lomatosis with sulfamethoxazole-trimethoprim. Arch Intern
Med 1991; 151: 1649-52

Rodgers H, Guthrie JA, Brownjohn AM, et al. Microscopic
polyarteritis: clinical features and treatment. Postgrad Med J
1989; 65: 515-8

Esnault VL, Ronda N, Jayne DR, et al. Association of ANCA
isotype and affinity with disease expression. J Autoimmun
1993; 6: 197-205

Jayne DR, Esnault VL, Lockwood CM. ANCA anti-idiotype
antibodies and the treatment of systemic vasculitis with intra-
venous immunoglobulin. J Autoimmun 1993; 6: 207-19

Huston KA, Hunder GG, Lie JT, et al. Temporal arteritis: a
25-year epidemiologic, clinical and pathologic study. Ann In-
tern Med 1978; 88: 162-7

Elling P, Olsson A, Elling H. CD8+ T-lymphocyte subset in
giant cell arteritis and related disorders. J Rheumatol 1990;
17: 225-7

Hunder GG, Bloch DA, Michel BA, et al. The American Col-
lege of Rheumatology 1990 criteria for the classification of
giant cell arteritis. Arthritis Rheum 1990; 33: 1122-8

Rosenfeld SI, Komorsky GS, Klingele TG, et al. Treatment of
temporal arteritis with ocular involvement. Am J Med 1986;
80: 143

Hall S, Barr W, Lie JJ, et al. Takayasu arteritis: a study of 32
American patients. Medicine (Baltimore) 1985; 64: 89-99

Clin. iImmunother. 1 (5) 1994



Immunological Aspects of Cardiovascular Diseases

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

8s.

Naito S, Arakawa K, Saito S, et al. Takayasu’s disease: associ-
ation with HLA-BS. Tissue Antigens 1978; 12: 143-5

Isonisa I, Numano F, MaezawaJ, et al. HLA-BW52 in Takayasu
disease. Tissue Antigens 1978; 12: 246-8

Numano F, Isonisa I, Maezawa J, et al. HLA antigens in
Takayasu’s disease. Am Heart J 1979; 98: 153-4

Volkman DJ, Mann DL, Fauci AS. Association between
Takayasu’s arteritis and a B cell alloantigen in North America.
N Engl ] Med 1982; 306: 364-5

Cupps TR, Fauci AS. The vasculitides. Philadelphia: Saunders,
1981

Lupi-Herrera E, Sanchez-Torres G, Marcushamer J, et al.
Takayasu arteritis: clinical study of 107 cases. Am Heart J
1977, 93: 94

Shelhamer JH, Volkman DJ, Parrillo JE, et al. Takayasu’s arte-
ritis and its therapy. Ann Intern Med 1985; 103: 121-6

Ishikawa K. Survival and morbidity after diagnosis of occlusive
thromboarthropathy (Takayasu’s disease). Am J Cardiol
1981; 47: 1026-32

Grossman E, Morag B, Nussinovitch N, et al. Use of captopril
in Takayasu’s arteritis. Arch Int Med 1984; 144: 95

Hricik DE, Browning PJ, Kopetman R, et al. Captopril-induced
functional renal insufficiency in patients with bilateral renal
artery stenosis or renal artery stenosis in a solitary kidney. N
Engl J Med 1983; 708: 373

Gibson LE. Cutaneous vasculitis: approach to diagnosis and
systemic associations. Mayo Clin Proc 1990; 65: 221-9

Gorevic PB, Kassab HYJ, Levo Y, et al. Mixed cryoglobulin-
emia: clinical aspects and long-term follow-up of 40 patients.
Am J Med 1980; 69: 287

Boon BW, Brand A, Bavinck J, et al. Severe leukocytoclastic
vasculitis of the skin in a patient with mixed cryoglobulin-

© Adis International Limited. All rights reserved.

86.

87.

88.

89.

90.

92.

347

emia treated with high-dose gammaglobulin intravenously.
Arch Dermatol 1988; 124: 1550

Melish ME, Hicks RV. Kawasaki syndrome: clinical features,
pathophysiology, etiology, and therapy. J Rheumatol 1990; 17
(24 Suppl.): 2-10

Leung DY, Meissner HC, Fulton DR, et al. Toxic shock syn-
drome toxin-secreting Staphylococcus aureus in Kawasaki
syndrome. Lancet 1993; 342: 1585-8

Leung DY. Immunologic aspects of Kawasaki syndrome. J
Rheumatol 1990; 17 (24 Suppl.): 15-8

Leung DY, Geha R, Newburger J. Two monokines, interleukin-
1 and tumor necrosis factor, render cultured vascular endo-
thelial cells susceptible to lysis by antibodies circulating
during Kawasaki syndrome. J Exp Med 1986; 164: 1958-72

Leung DY. The potential role of cytokine-mediated vascular
endothelial activation in the pathogenesis of Kawasaki dis-
ease. Acta Paediatr Jpn 1991; 33: 739-44

. Newburger JW, Takahasi M, Beiser AS, et al. A single intrave-

nous infusion of gamma globulin as compared with four in-
fusions in the treatment of acute Kawasaki syndrome. N Engl
J Med 1991; 324: 1633

Moore PM. Diagnosis and management of isolated angiitis of
the central nervous system. Neurology 1989; 39: 167-73

Correspondence and reprints: Dr Dennis K Ledford, James
A. Haley V.A. Hospital, University of South Florida, VAR
111D, 13000 Bruce B. Downs Boulevard, Tampa, FL 33612,
USA.

Clin. Immunother. 1(5) 1994




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




