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Foreword 

This is an original and timely book, which reviews the role of chronic infection (in 

particular, Chlamydia pneumoniae) in the genesis of coronary heart disease (CHD). 

To a generation raised on the powerful epidemiological and trial evidence linking CHD 

to conventional risk factors, such as cigarette smoking, diet and lipids, and blood 

pressure, it may seem strange to contemplate antibiotics as a future cure. However, one 

only has to look at the field of gastroenterology to see how a novel hypothesis that 

Helicobacter pylori infection causes peptic ulceration led rapidly to major changes in 

treatment. 

The book highlights a growing body of information which demonstrates that coronary 

and other arterial lesions contain C. pneumoniae (and other) microorganisms. The 

question as to whether these microorganisms are merely passengers, carried in by the 

phagocytes associated with pIaques, or whether they are actualIy responsible for the 

inflammatory lesion, is under intense study. We also need to know whether or not these 

chronic infections are merely markers for social conditions, such as poverty or 

deprivation. 

The authors - Sandeep Gupta and John Camm - are two leading investigators in this 

growing area of cardiovascular research. In this book, they synthesise the current 

position on 'Chronic infection, Chlamydia and CHD', and provide - for both 

newcomers to the field and those already within it - an opportunity to examine the main 

evidence to date and to ponder on areas of future research. Of course, many texts will 

follow with progressio~i and developments of the 'infection hypothesis', but there is 

clearly a place for a concise, clearly-written and current review. The book provides this, 

. vii 



focusing on the important observational and experimental data. Fascinating and difficult 

questions remain to be answered, but by the end of the text we are left with a feeling 

that exciting research lies ahead. 

Peter Sleight MD DM FECP 

Professor Emeritus of 

Cardiovascular Medicine 

John Radcliffe Hospital 

Oxford. UK 
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Preface 

We still have much to learn about the pathogenesis of coronary heart disease (CHD). 

Despite increasing understanding of the disease's causation and progression, and 

continuing advances in its prevention and treatment, CHD remains a major cause of 

human morbidity and mortality worldwide. Indeed, countries in eastern Europe and the 

developing world are currently experiencing an 'epidemic' of cardiovascular diseases. 

This situation contrasts with the falling CHD mortality rates seen in industrialised 

countries over the last 25 years. Further, the prevalence and postulated interactions of 

established, classical atherogenic risk factors fail to account for the wide variations in 

CHD prevalence and severity found from population to population. Such 

epidemiological findings mirror the common clinical experience of encountering 

individual patients with unequivocal evidence of severe coronary atheroma in the 

absence of factors such as cigarette smoking, hypertension, diabetes mellitus, 

hyperlipidaemia or family history of atherosclerotic disease. 

These gaps in our knowledge about CHD have prompted a search for other potential 

(and hitherto unrecognised) influences on atherogenesis. In particular, interest has 

focused recently on the potential pathogenetic roles of common chronic infections and 

inflammation. This book aims to provide an overview of the various infective agents 

and inflammatory processes possibly implicated in aetiology and progression of 

atherosclerosis and CHD, concentrating on the organism for which evidence of direct 

involvement is strongest - Chlamydia pneumoniae. 

Chapter 1 provides an outline of the epidemiology of atherosclerosis, proposed models 

of atherogenesis and the relevance of inflammation and its mediators in this setting. 

Evidence linking various infective organisms with atherosclerosis is reviewed in 

Chapter 2. Next, Chapter 3 then elaborates on the current knowledge of relevant 

microbiology of C. pneumoniae, and this information forms a background to discussion 

(in Chapter 4) of the mounting seroepidemiological and laboratory, pathological and 



clinical evidence suggesting that this organism is involved in the pathogenesis of 

atherosclerosis, and in particular, CHD. Chapter 5 considers potential mechanisms by 

which C. pneumoniae may contribute to atherogenesis (including potential interplay 

with established CHD risk factors). The results of relevant pilot antibiotic studies and 

the protocols for ongoing antibiotic intervention trials in CHD are detailed in Chapter 6. 

Finally, Chapter 7 offers a perspective on the putative role of C. pneumoniae in 

atherosclerosis, future lines of pertinent research and possible implications for 

management of patients with CHD. 

S Gupta 

AJ Camm 
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Chapter 1: Atherosclerosis and coronary 
heart disease 

Introduction 

Atherosclerotic vascular disease, in particular, coronary heart disease (CHD), is a major 

cause of human morbidity and mortality in both industrialised and developing countries. 

In the UK, for example, nearly 170,000 people die each year as a result of CHD (25% 

of all deaths).''] Similarly, in the USA, CHD causes around 700,000 (40% of) deaths 

each year.[2.31 However, there are very wide variations in the incidence of CHD 

worldwide. For instance, data from the World Health Organization (WHO) MONItoring 

of trends and determinants in CArdiovascular disease (MONICA) study assessing CHD 

and risk factors in 38 populations from 21 countries show that age-standardised annual 

cardiovascular event (fatal and non-fatal) rates (during 1985-1 987) in men ranged from 

761 100,000 in Reijing, China to 9 151 100,000 in North Karelia, Finland, and in women, 

from 30/100,000 in Catalonia, Spain to 256/100,000 in Glasgow, UK.'~' Also, while 

CHD mortality rates in many industrialised countries have fallen over the past 20-30 

years (e.g. by 50-60% in Australia, Canada, Japan and the USA), there have been 

striking increases in the rates in easternlcentral Europe (e.g. 25-35% rises in Romania 

and Poland) and in developing countries. 

Classical risk factors: An inadequate explanation 
Classical atherogenic risk factors include: cigarette smoking, hypercholesterolaemia, 

diabetes mellitus, hypertension and a positive family history of CHD. Such factors are 

important for predicting total (absolute) CHD risk in individual patients. However, 

variations in the presence or severity of these factors probably account for no more than 

half of the known differences in prevalence and severity of CHD.[~*~' In addition, up to 

30% of patients presenting with myocardial infarction (MI) have none of these risk 



S Gupta and AJ Camm 

factors.[71 Furthermore, in some populations, the marked frequency of classical risk 

factors is not associated with a high prevalence of CHD.'" One example of this is the 

so-called 'French paradox'.[91 Moderate, widespread consumption of certain types of 

alcohol helps protect the French population against CHD (possibly via anti-oxidant 

effects), despite a relatively high rate of cigarette smoking among such people. 

Similarly, the Japanese have very high smoking rates but, nevertheless, very low CHD 

mortality rates and high life expectancy. Furthermore, Pima Indians have the highest 

rates of obesity and diabetes mellitus in the world but, even so, rarely develop CHD. 

Yet another apparent discrepancy is the low prevalence of CHD among African- 

Caribbean populations despite particularly high prevalence rates of diabetes mellitus, 

hypertension and cerebrovascular disease.[101 

So why the variations? 
These hitherto unexplained epidemiological anomalies have prompted speculation 

about, and research into, other potential influences on the aetiolsgy and progression of 

atherosclerosis. Such factors include: 

'Programming' in fetal life as a result of maternal malnutrition ('Barker's 

hypothesis').[''1 Small size at birth is associated with several coronary risk factors 

including: high blood pressure, non-insulin-dependent diabetes mellitus and high 

plasma fibrinogen levels. The findings have led to the hypothesis that later 

development of CHD is programmed in utero, with fetal responses to 

undernutrition leading to persisting changes in metabolism and organ structure. 

The 'insulin-resistance syndrome'. This comprises clustering of pre-atherogenic 

factors, such as central obesity, hyperinsulinaemia and hypertriglyceridaemia, 

which may interact and predispose to premature CHD.''*] 

Defects in homocysteine metabolism that may lead to an increased thrombotic 

tendency."31 Evidence suggests that homocysteine may affect the coagulation 

system and the resistance of the endothelium to thrombosis, and perhaps also 

interfere with the vasodilator and anti-thrombotic functions of nitric 



Chronic infection, Chlamydia and CHD 

Several prospective, nested case-control studies have found a relation between total 

homocysteine levels and frequency of vascular disease. A single study has also 

confirmed that serum total homocysteine levels are a strong predictor of mortality 

in patients with angiographically confirmed cHD.[I5' 

Defined and as yet unidentified genetic factors (including variability of plasma 

lipoprotein(a) in normal populations and apolipoprotein E polymorphism).['6~171 

Defining whether, and to what extent, such mechanisms play a role in atherothrombosis 

requires further investigation. 

Chronic infection is the other major factor implicated increasingly in the pathogenesis 

of atheroscler~sis.[l~~ However, before considering the detailed evidence suggesting 

such a relationship between chronic infection and CHD, it is worth reviewing briefly 

atherosclerosis itself. An exhaustive discussion of the classical (and more modern) 

hypotheses on, and established facts about, this complex condition is beyond the 

intended scope of this book. Instead, we concentrate on features of atherogenesis that 

indicate a pivotal contributory role for chronic inflammation and, potentially, therefore, 

chronic infection. 

What is atherosclerosis? 

Atherosclerosis is the sequence of changes that produces focal obstructions 

(atherosclerotic plaques) in the endothelium of large and medium-sized arteries. 

Characteristic processes in the formation and subsequent development of such plaques 

include: accumulation of cholesterol-rich material in the endothelium (atherosis); the 

expansion of fibrous tissue (sclerosis); and inflammation that involves monocytes, 

macrophages and T-lymphocytes. When the bulk of plaque tissue reduces the luminal 

diameter of an affected vessel by more than about 70%, blood flow is compromised 

significantly. This may lead to clinical manifestations of atherosclerotic disease, such as 

angina or intermittent claudication. Disruption of a vulnerable or unstable plaque with a 
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subsequent change in plaque geometry and thrombosis, may result in acute, partial or 

complete occlusion of the affected vessel leading to the clinical manifestations of acute 

coronary syndromes, such as MI or unstable angina (see Figure 1).[19*201 

Figure 1: Stages of atherogenesis 

Schematic section through a coronary artery. Injury to the endothelium (e.g. caused by 

toxins, low-density lipoprotein PDL], bacteria, viruses) leads to increased vascular 

permeabiIity and attachment and migration of monocytes (A). Subsequent accumulation 

of intracellular lipid and foam cell formation occur (B). Activated monocytes, platelets 

and other cells secrete growth factors, triggering smooth muscle proliferation in the 

subendotheljal space. The lesion matures to form a fibrous plaque comprising an 

inflammatory cell infiltrate, collagen, lipids and calcium (C). Erosion and eventual 

rupture of the fibrous cap may trigger formation of superimposed thrombus. 

Variable plaque development 

The lipid accumulation, cell proliferation and synthesis of extracellular matrix which 

comprise atherogenesis do not follow a predictable course. New, seemingly advanced 

lesions often become apparent in coronary segments that were angiographically normal 

only months earlier. Also, clinical evidence indicates that arteries with the most severe 
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stenoses are not necessarily the vessels most likely to go on to occlude. Indeed, mildly 

stenosed coronary lesions may be associated with significant progression to severe 

stenosis or total occlusion, and may account for up to two-thirds of cases of patients 

presenting with acute coronary syndromes.['g1 

Classical hypotheses of atherogenesis 

Early ideas 

Hypotheses on the pathogenesis of atherosclerosis were suggested originally by 

Rokitansky in 1 852,[211 Virchow in 1 85612'] and Duguid in 1946.[~~'  Virchow proposed 

that minor arterial wall injury resulted in an inflammatory response, leading to 

accumulation of plasma constituents within the intima of the artery. Rokitansky's belief 

(subsequently elaborated by Duguid) was that encrustrations of small mural thrombi 

developed at sites of arterial injury and became organised as a result of growth of 

smooth muscle cells into It was proposed that the resulting complexes became 

incorporated into the atheromatous lesions, and so helped further the progression of 

such lesions. 

The monocIonal hypothesis 

The monoclonal hypothesis, formulated in 1973, suggests that atherosclerotic lesions 

are a form of benign ne~~lasia. '~ ']  It assumes that each lesion is derived from a single 

smooth muscle cell - the precursor of all other cells in a proliferating clone. This idea is 

based on the observation that in people who are heterozygous for isoenzymes of glucose 

6-phosphate dehydrogenase (and whose cells might, therefore, be expected to contain 

equal quantities of these two isoenzymes), smooth muscle cells within atherosclerotic 

lesions express only one of the two isoforms. A later development of this notion 

suggests that each atherosclerotic lesion is a benign neoplasm derived from a cell that 

has been transformed by viruses, chemicals or other mutagens. 
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The 'response-to-injury' hypothesis 

In 1973, the hypotheses on atherogenesis were combined with emerging knowledge of 

the biology of the arterial wall to generate the 'response-to-injury' model of 

atherosclerosis.[251 This concept has been modified in light of increased understanding 

of the interactions between blood and arterial cells, and of the role of cardiovascular risk 

factors in atherogenesis and endothelial cell disruption.[261 It has become the most 

widely accepted theory of atherosclerosis, and best fits with established facts about the 

disease. The model is discussed more fully in the next section. 

The endothelium and its response to injury 

The normal endothelium 

The endothelium is a monolayer of elongated cells that lines all blood vessels. Healthy 

endothelium performs several regulatory and anti-atherosclerotic functions.[271 These 

include: local production of heparans, tissue plasminogen activator, thromboxane and 

thrombomodulin, as well as the continuous generation of nitric oxide; all of these 

elements help to maintain an anticoagulant surface and a state of so-called 'defensive' 

vasodilation. The endothelial cell layer also inhibits the adhesion and migration of 

inflammatory cells, limits growth and migration of smooth muscle cells and produces a 

limited proportion of the tissue matrix present in the intima. 

Injury and atherosclerosis 

How damage occurs 

The 'response-to-injury' hypothesis of atherosclerosis states that endothelial cells at 

specific sites of low shear stress in the artery wall incur some form of 'injury'.[281 

Inflammatory processes may both initiate and perpetuate such damage. Other influences 

may also compound the vascular injury. Such factors include: arterial hypertension, 

low-density-lipoprotein (LDL) cholesterol, glycosylated end-products, toxins in tobacco 

smoke, immune complexes, homocysteine and infection. Three types of arterial injury 
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are described in this model. In type I injury, there is functional alteration of endothelial 

cells with no significant morphological change. In type I1 injury, part of the 

endothelium is denuded. Disruption of both the intima and media of the artery is present 

in type 111 injury. 

Early plaque development 

Endothelial cell damage is followed by development of the typical atherosclerotic 

plaque. This involves an increase in vascular permeability to lipids and 

monocytes/macrophages, together with migration and proliferation of smooth muscle 

cells. Endothelial dysfunction is regarded as a crucial, early event in the pathogenesis of 

atherosclerosis. This abnormal function usually manifests as increased accumulation of 

lipoprotein in the wall and the appearance of specific adhesive glycoproteins on the 

surface of the endothelial cells. In addition, monocytes and T-lymphocytes attach to the 

altered endothelium and migrate between its constituent cells under the influence of 

growth-regulatory molecules and chemoattractants. These chemical factors may be 

released locally by the altered endothelium, its adherent leucocytes and, possibly, 

underlying smooth muscle  cell^.'^^.^" 

As the atherogenic process continues, migrating cells penetrate further beneath the 

arterial surface, and the monocytes transform into tissue macrophages. Such 

rnacrophages can intemalise oxidised cholesterol-containing LDLs (although not native 

unoxidised LDL).[~'] The resulting accumulation of intracellular cholesterol esters 

transforms macrophages into foam cells. Together with accompanying lymphocytes, 

these foam cells make up the fatty streak, the characteristic lesion of early 

ather~rna.["'~~ Such precursor lesions are commonly demonstrable in young people. 

For example, an autopsy study by Berenson et al. demonstrated atherosclerotic changes 

of the aortas and coronary arteries in persons aged 6-30 years.[351 
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Formation offibrous plaque 

As atherogenesis progresses, smooth muscle cells in the endothelium proliferate, with 

formation of a connective tissue matrix comprising elastic fibre proteins, collagen and 

proteoglycans. This matrix eventually leads to the generation of a more advanced 

atherosclerotic lesion and, ultimately, to the establishment of a fibrous plaque and cap 

(see Figure 1 ).[28.32+36*371 

Relevant cell and mediator interactions 

During the development of atherosclerotic plaques, the inflammatory cells recruited and 

resident in the lesions become and so produce growth factors such as 

platelet-derived growth factor-$ (PDGF-$), fibroblast growth factor and heparan-like 

glycosaminoglycans. While tissue factor is expressed in excess (by macrophages and 

smooth muscle cells), locally generated cytokines (such as interleukin-1 [IL-11, 

interleukin-6 [IL-61 and monocyte chemoattractant protein-1) serve to amplify further 

the inflammatory and proliferative processes. In addition to their role in cholesterol 

metabolism in atherosclerotic lesions, activated macrophages increase platelet adhesion, 

secrete growth factors (including transforming growth factor-8 [TGF-$]["I and 

PDGF-$[~]), all of which stimulate the activity of smooth muscle cells that are cytotoxic 

to neighbouring cells.[411 The monocyte surface forms an assembly plant for several 

adhesion proteins (such as CDl l b  and C D l l ~ ) . [ ~ ~ l  These surface integrin proteins (see 

page 13) may be upregulated by cytokines such as tissue necrosis factor-a (TNF-a), IL- 

1 or bacterial lipopolysaccharide (LPS) . [~ ' ,~~~ 

T-lymphocytes are present at all stages of atheroma, often in close association with 

m a c r ~ ~ h a ~ e s ) ~ ~ '  and represent up to 20% of the cells present in fatty streaks and fibrous 

caps.[461 They are activated by major histocompatibility complex (MHC) proteins of 

antigen-presenting cells (i.e. endothelial cells or macrophages expressing HLA, HLA- 

DR antigens). The T-lymphocytes may be stimulated by oxidised LDL to produce 

interferon-y, which both initiates cell proliferation and reduces cholesterol 

accumulation.[431 The lymphocytes, which predominate at the lateral edges of lesions,[471 
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may also be stimulated by modified lipoproteins, elements from the necrotic core of 

plaques, heat-shock proteins or viral proteins. Cytokines and other growth factors are 

similarly involved at several stages of atherogenesis, including: surface expression of 

adhesion molecules on endothelium; recruitment and activation of 

monocytes/macrophages and T-lymphocytes; regulation of smooth muscle growth and 

extracellular matrix formation; and induction of class I1 MHC molecules on antigen- 

presenting ~ e l l s . [ ~ ~ * ~ ~ ~  

Acute inflammation and plaque activity 
Traditionally, coronary artery atheromatous lesions have been classified according to 

the extent to which they narrow the arterial lumen. However, from a pathophysiological 

perspective, such lesions may be described better as either 'inactive' or 'active'.[38' The 

transformation of an inactive plaque to an active one involves development of an acute 

inflammatory response within the lesions. This acute inflammatory component of 

atherogenesis has adverse effects both within the atherosclerotic plaque and on other 

parts of the coronary artery. For instance, activation of monocytes and macrophages in 

the plaque results in the release of cytokines and chemotactic factors that recruit other 

leucocytes to the lesion. Monocytes also release degradative enzymes such as the 

metalloproteinases; these enzymes break down connective tissue and can undermine the 

structural integrity of the plaque, leading to weakening and eventual rupture of the 

fibrous cap. Individual plaques can vary markedly with regard to their susceptibility to 

surface erosion and rupture, and their resultant thrombogenic potential. Plaques at 

highest risk of rupturing include those with activated and dysfunctional endothelium, a 

large lipid core with a thin fibrous cap, markedly increased amounts of tissue factor, and 

an abundance of inflammatory cells (including macrophages and ~ - 1 ~ m ~ h o c ~ t e s ) . ~ ~ ~ '  

By synthesizing the procoagulant, tissue factor, monocytes and macrophages contribute 

directly to the thrombosis that follows plaque rupture. Procoagulant activity is also 

stimulated by activated lymphocytes, certain cytokines and bacterial LPS. Within the 
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coronary artery lumen, elastase, collagenase, oxygen free radicals, leukotrienes and 

other substances secreted by activated granulocytes and monocytes further disrupt the 

plaque. These substances also depress myocardial function, exacerbate vasospasm and 

damage endothelium, both structurally and functionally. The functional loss of the 

endothelium increases the likelihood of vasoconstriction and thrombosis. Substances 

derived from leucocytes may also stimulate platelet aggregation, and products of 

platelet activation can promote neutrophil accumulation within the plaque. 

Cells, mediators and CHD risk 

As discussed above, central features of atherosclerosis include the recruitment and 

activation of various contributing cells and production of several local and systemic 

procoagulant and inflammatory mediators. The evidence linking such changes in cells 

and mediators with CHD and plausible roles for them in atherogenesis are discussed 

below. 

Leucocytes and monocytes 

White cell count and CHD 

Several case-control and prospective studies have shown an association between the 

total blood leucocyte count and C H D . [ ~ & ~ ~ ]  In the Multiple Risk Factor Intervention 

Trial (MRFIT), total leucocyte count was significantly related to risk of having CHD. '~~]  

Furthermore, a decrease in blood leucocyte count (from baseline level to that at the 

annual examination just prior to the cardiovascular event) was associated with a 

significant reduction in the risk of experiencing a future cardiovascular event. Although 

the leucocyte count is generally higher in cigarette smokers, the reported association of 

raised counts with CHD has usually appeared to be independent of smoking 
status.~~~.53.54~ ~ h ,  re is some evidence that the band neutrophil count is an even better 

predictor of CHD than is the total leucocyte count.[ss1 
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There are several mechanisms by which leucocytes could contribute directly to 

atherosclerosis.~561 For example, such cells tend to aggregate and embolise to 

microvessels under low-flow conditions.[571 Also, blood leucocytes may alter rheologic 

characteristics or cause endothelial injury and inflammation through the release of 

activated substances such as free radicals, long-acting oxidants, proteolytic enzymes 

and arachidonic acid  metabolite^.[^^"^] 

Monocyte count and CHD 

Studies have demonstrated an association between the absolute monocyte count and 

CHD. Prentice et al. showed that monocyte (and neutrophil and eosinophil) counts were 

predictive of prevalent CHD, although cigarette smoking was not taken into account in 

their study.'"' In the Paris Prospective Study, Olivares et al. found a significant 

correlation between higher monocyte counts and raised incidences of MI and sudden 

coronary death, associations that were independent of patient age and smoking status.[611 

C-reactive protein 

Increased circulating levels of acute phase reactants occur in most forms of 

inflammation, infection and tissue damage.[621 These reactants are produced primarily 

by hepatocytes following stimulation by cytokines secreted by activated macrophages. 

C-reactive protein (CRP) is an acute phase protein that amplifies the underlying 

cytokine stimulus of acute phase protein production. The plasma concentration of CRP 

is a reliable indicator of the overall level of inflammatory activity present in the 

body.[63' 

Prediction in established atherosclerotic disease 

Concentrations of CRP correlate directly with the presence and severity of coronary, 

cerebral and peripheral atherosclerosis.[641 For example, Luizzo and colleagues reported 

that, in patients admitted to hospital with unstable angina, an initial plasma 

concentration of CRP above 3mg/L (the 90th centile of the normal CRP distribution) 

was associated with a particularly poor clinical outcome, even in the absence of other 
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evidence of more severe CHD.[~~] Furthermore, in an investigation of 2121 patients with 

stable or unstable angina entered into the European Concerted Action on Thrombosis 

and disabilities (ECAT) study, those with CRP concentrations in the fifth quintile (i.e. 

above 3.6mdL) had a twofold increased risk of developing further coronary events 

during a Zyear follow-up period.[661 This study provided the first evidence that CRP 

could predict clinical outcome in patients with stable angina; its authors speculated (as 

had other investigators) that raised CRP levels may reflect underlying inflammation or 

infection caused by organisms linked with atherosclerosis, such as Chlamydia 

pne~rnoniae[~~] or Helicobacter pylori.[681 

Prediction offirst atherosclerotic events 

C-reactive protein levels can also indicate the likelihood of future CHD events in those 

without clinically overt atherosclerotic disease. Evidence for this comes from a 8-year 

prospective study conducted by Ridker et al., in which the risk of developing a first 

thrombotic cardiovascular event was assessed in 543 apparently healthy men.[6g1 

Baseline plasma CRP concentrations were higher in men who went on to have MIS or 

ischaemic strokes (threefold higher relative risk for men in the quartile of highest CRP 

levels; pc0.00 1). (Men who took prophylactic aspirin therapy had a 56% lower risk of 

developing an MI during the follow-up period.) The baseline CRP level was an 

independent predictor of such thrombotic risk. 

Limitation of C-reactive protein as a marker 

Although CRP may be a useful marker, its measurement within the normal range is 

dependent on ultrasensitive enzyme immunoassays, and there is often large intra-patient 

variablity with routine laboratory measurements.[701 Also, CRP's acute phase response 

is a non-specific phenomenon induced by almost all forms of tissue damage and 

inflammation, and is certainly not limited to atherosclerosis. 
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Leucocyte integrins 

The term 'integrins' was coined by Hynes in 1 9 8 7 ' ~ ' ~  for a group of integral membrane 

glycoprotein receptors thought to 'integrate' the cytoskeleton of one cell with either that 

of another cell or with the extracellular matrix. The integrins comprise a superfamily of 

heterodimer transmembrane proteins composed of non-covalently associated a- and J3- 

subunits.[721 

CDI lb  and CDl l c  

The leucocyte integrins, CDl 1 b and CDl lc, are glycoproteins expressed mainly on 

monocytes and tissue macrophages. CD 1 1 b and CD 1 1 c have receptors for binding 

immobilised fibrinogen and intercellular adhesion molecule- 1 [ICAM- 1 1; the latter is 

involved in monocyte adhesion, recruitment and migration in areas of inflammation and 

a ther~~enesis . '~~ '  

CDl l b  molecules (which appear to be functionally more important than CDl lc) are 

induced by inflamrnati~n.~"' CDl l b  is stored in secretory granules in monocytes (as 

well as neutrophils) and can be rapidly mobilised to the cell surface after cell activation, 

such that the number of binding sites per cell may then increase four- to fivefold.[751 

Enhanced monocyte expression of CDl lb  facilitates the adhesion of these cells to 

endothelium, extracellular matrix and iC3b-a crucial step in the pathogenesis of 

vascular Both C D ~  l b  and CDllc  have also been shown to participate in 

thrombus formation. The binding of these molecules to immobilised fibrinogen induces 

the transcription of the tissue factor gene in monocytes, resulting in enhanced surface 

expression of tissue factor, and so increases the procoagulant activity of these cells.'77J 

Monocytes can also initiate coagulation and generate thrombin via another pathway: 

Altieri and Edgington showed that these cells can directly activate factor X to Xa after 

binding this zymogen to CD 1 1 b.Inl 

Mazzone et al. measured CDl l b  expression on granulocytes and monocytes obtained 

from the coronary sinus and aorta in the course of cardiac catheterisation of patients 
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with stable angina, unstable angina or non-cardiac chest pain.r791 Expression of CDI l b  

was greater in patients with unstable angina than in the other groups, a finding 

consistent with the presence of inflammation within the coronary arteries of these 

patients. In addition, Mickelson et al. demonstrated that in patients who had undergone 

coronary angioplasty procedures, there was evidence of increased leucocyte activation, 

as indicated by the enhanced CDllb  surface expression on monocytes and 

n e u t r ~ ~ h i l s . [ ~ ~ ~  The increased cell activation in such patients correlated with a higher 

risk of experiencing an adverse cardiac event. 

Tissue factor 

Tissue factor, a integral membrane glycoprotein comprising 263 amino acids, is 

expressed on the surface of monocytes (as well as on smooth muscle and endothelial 

cells) after these cells are stimulated by end~toxin[~l] or by any of a variety of 

i m m ~ n o l o ~ i c a l [ ~ ~ . ~ ~ ~  and inflammatory stimuli.[841 Tissue factor serves as a cofactor for 

the activation of factor VII to factor VIIa, so initiating intrinsic and extrinsic pathways 

of the coagulation system.[851 

Extensive in vitro studies have shown that inflammatory agents and mediators of the 

inflammatory response induce tissue factor expression in both monocytes and 

endothelial ~ e l l s . [ ~ ~ * ~ ~ ]  Enhanced tissue factor-induced procoagulant activity of 

monocytes has been described in several medical disorders associated with 

hypercoagulability, including sepsis, autoimmune disorders and 

Furthermore, a comparable increase in procoagulant activity has also been observed in 

patients with unstable 

In vitro infection of endothelial cells with either herpes simplex virus[92' or 

cytomegalovirus (cMv)['~] has been shown to increase procoagulant activity via tissue 

factor upregulation. Similarly, C. pneumoniae-infected arterial endothelial cells 

displayed enhanced tissue factor procoagulant activity in ~ i t r o . ' ~ ~ ]  Using a whole blood 

method assay, Leatham et al. found elevated tissue factor expression on the monocytes 
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of patients with acute and chronic CHD.[~'] These workers speculated that the increased 

tissue factor activity could be a result of chronic C.  pneumoniae infection (see Figure 

2). 

Figure 2: Tissue factor-mediated activation of the coagulation system 

fibrinogen 4 
activated 
platelek / 
1 

Expression of tissue factor on macrophages and monocytes leading to the activation of 

both the intrinsic and extrinsic coagulation pathways in atherothrombosis, a process 

possibly initiated by a local chronic infection with C. pneumoniae. 

Fibrinogen 

The Northwick Park Heart and several prospective s t u d i e ~ [ ~ ' - ' ~ ~  have provided 

evidence for an independent relationship between raised plasma fibrinogen levels and 

increased incidence of CHD and stroke. In the PROspective CArdiovascular Munster 

(PROCAM) study,"00' for example, the higher a patient's baseline fibrinogen level, the 
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greater the risk of a coronary event occurring during a subsequent 6-year follow-up 

period. 

Mechanisms by which fibrinogen could promote CHD include: direct effect on 

atherogenesis, alteration of whole blood and plasma viscosity, and enhancing platelet 

aggregability and fibrin deposition. In addition, elevated fibrinogen levels in patients 

with CHD may reflect the underlying inflammatory component of atherosclerosis. 

Thrombin fragments 

The activation peptide of prothrombin, F1.2, is an indicator of thrombin generation and 

a direct marker of degree of activation of the coagulation system. Merlini et al. found 

that concentrations of plasma F1.2 (and fibrinopeptide A) levels were significantly 

higher in a consecutive group of patients with acute MI (n-32) or unstable angina 

(n-81) than in patients with chronic stable angina (n-37) or in healthy controls 

(n-32).[1011 Furthermore, at 6 months, the plasma levels of F1.2 remained persistently 

higher in the group with acute coronary syndromes. 

Neopterin 

Investigation of the cytokine cascade of the human immune system in vivo ( e g  in the 

context of atherogenesis) is complicated by the fact that most of these mediators are 

biologically labile, and, after release, bind to target cells or disappear rapidly from the 

circulation.[1021 An alternative indirect approach for monitoring cytokine activity is to 

quantify biochemical changes induced by these mediators. For instance, the 

concentration of neopterin, a monocyte/macrophage-derived, biologically stable product 

induced by interferon-y, is a non-specific marker of the activity of the cell-mediated 

immune system.[lo3] Accordingly, serum levels of neopterin tend to be raised in patients 

with viral, parasitic or intracellular bacterial infections,[lo4] tend to correlate with the 

severity of the clinical condition, and so fall following eradication of such infection."051 

Neopterin levels also tend to be elevated in inflammatory and autoimmune disorders[1061 

and in malignancy (particularly that involving haematological cells).['071 Raised serum 
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neopterin levels have also been found in acute  MI)^^^^ acute coronary syndromes,['0gJ 

ca rd i~m~o~a th ies [~  lol and peripheral atheroscler~sis.[~ 'I Such elevations may reflect the 

immune activation now known to accompany these cardiac conditions. 

Summary 
Current evidence indicates that atherosclerosis is essentially the result of an exaggerated 

inflammatory response to injury of the endothelial cells in the arterial wall. The 

formation of atherosclerotic plaques can begin at an early age, especially in people 

exposed to atherogenic risk factors. Risk of plaque rupture - leading to acute 

thrombosis - appears to depend primarily on factors such as plaque geometry and 

compostion (rather than plaque volume/size), with inflammation playing a major 

destabilising role. Although risk factors such as cholesterol, smoking and diabetes 

mellitus may help to initiate atherogenesis, several rheological, haemostatic and 

inflammatory mediators appear more closely associated with disease progression, 

plaque 'activity', thrombosis and acute coronary events. 

Whether infective agents provide a plausible link between atherogenesis, inflammation 

and progression of CHD is the focus of the next chapter. 
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Chapter 2: Associations between 
infective microorganisms and 
atherosclerosis 

Introduction 

The idea that infection could be a causal factor in the pathogenesis of atherosclerosis is 

not new. Indeed, Sir William Osler and others first proposed such a mechanism as long 

ago as 1908.''' Until recently, however, the suggestion had largely been dismissed. 

Fresh debate now focuses on whether or not common chronic infections contribute to 

the development and progression of atherosclerotic disease, not least because 

epidemiological variations in classical cardiovascular risk factors such as smoking, 

diabetes mellitus aid hypercholesterolaemia do not account for the variations in the 

presence and severity of coronary heart disease (CHD) seen in the general population 

(see Chapter 1).[2-41 In addition, in vitro experiments, animal studies, pathological 

examinations and clinical observations provide supporting evidence for associations 

between infectious diseases and atheroscler~sis.[~~ At the same time, increasing 

understanding of inflammatory and haemostatic mediators and of the 

monocyte/macrophage system's role in atherogenesis have facilitated research into 

whether or not infections have a direct pathogenetic role in CHD. In essence, while an 

inflammatory basis to atherosclerosis and CHD is now generally acknow~ed~ed,'~' an 

aetiological role for chronic infections, through highly plausible, is by no means proven. 

It is interesting to observe how an increasing number of chronic inflammatory 

conditions have been associated with infective aetiologies - although the weight of 

supporting evidence varies markedly from disease to disease (see Table 1). 
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Table 1: The potential association between chronic inflammatory diseases and infection 

Disease 

Rheumatoid arthritis I ~erpesvi ruses[~~ 

Infective agent 
I 

I 

Crohn's disease I Mycobacterium 

Peptic ulcers 

I 

Multiple sclerosis I ~ e r p e s v i r u s e s ' ~ ~ ~  

Helicobacter pylori[71 

Sarcoidosis I ~ycobacteriurn["~ I 

How might infections be involved? 

The 'response-to-injury' hypothesis of atherosclerosis acknowledges that infection 

could trigger and aggravate endothelial damage.[l2] However, there are also several 

other mechanisms, by which infections might directly or indirectly initiate or perpetuate 

atherosclerosis or its complications (see Table 2). These include: microorganism-related 

damage of endothelial cells, stimulation of atherogenic inflammatory responses and 

faciliatation of thrombosis. 

Endothelial cells might become directly infected. In accordance with this idea, human 

umbilical endothelial cell cultures are susceptible to in vitro infection with 

cytomegalovirus (cMv),[~~] herpes simplex virus (HSV-I),[~~] echov i r~s [ '~~  and 

Chlamydia pneumoniae.[161 Endotoxin (secreted by bacteria), immune complexes or 

circulating lipid-endotoxin complexes may directly damage the endothelium. For 

instance, endotoxin triggers vascular damage in rabbitL"] and pig[181 models of 

atherosclerosis. Endotoxin also binds to lipoproteins in the circulation, some of which 

are then avidly taken up by macrophages. Subsequent activation of the macrophages (or 

of smooth muscle cells) may lead to production of cytokines, major histocompatibility 

complex (MHC) upregulation and synthesis of acute phase proteins, such as fibrinogen 

and C-reactive protein (CRP) - processes which could perpetuate an atherogenic 
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inflammatory response.['91 Production of tissue necrosis factor-a and interleukin-1 may 

alter cholesterol metabolism[201 and induce further recruitment of inflammatory cells to 

atherosclerotic plaques. Infections may also directly affect cholesterol metabolism and 

lipid ~xidation,'~" so leading to a more atherogenic lipid profile. Another possibility is 

that low-grade chronic infection may lead to a hypercoaguable state, via activation of 

monocytes with resulting increased tissue factor expression.[221 Infection of endothelial 

cells in vivo may increase thrombin generation on the cell surface, increase platelet 

accumulation or reduce prostacyclin secretion - effects which could increase the risk of 

local or distal thrombosis.[231 

Table 2: Mechanisms by which infections might contribute to atherogenesis 

Direct endothelial cell damage 

I Liooorotein disturbances 

Monocyte activation and cytokine production 

Increased synthesis of acute phase proteins 

Enhanced activity of procoagulant mediators 

I Heat shock protein expression 

Which infections? 
Several infective agents have been suggested as having a role in CHD. These inciude: 

herpesviruses, H. pylori, bacterial causes of dental sepsis, viral respiratory infections 

and C. pneumoniae. 

Herpesvirus infections 

Evidence from animal models 

A clear association between an infectious agent and arterial disease is seen with 

Marek's disease in chickens. Marek's disease virus is an avian herpesvirus that causes 
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lymphoproliferative disease in chickens. Early observations indicated that chickens 

'naturally infected' with this virus subsequently developed atherosclerotic lesions.r241 In 

1978, Fabricant et al. demonstrated that inoculating chickens with Marek's disease 

virus led to aggressive deposition of lipids within the animals' coronary artery walls.r251 

When the animals were concurrently fed a cholesterol-enriched diet, the vascular 

lesions changed, becoming fibro-proliferative and very similar in appearance to human 

atherosclerotic plaques.[261 The virus was demonstrable in the arterial walls using 

immunofluorescence techniques.[271 Furthermore, cultured chicken aortic smooth 

muscle cells infected with the virus contained higher amounts of cholesterol than non- 

infected cells.12g1 Moreover, vaccination of chickens (with a turkey vaccine) before 

innoculation with the Marek's disease virus led to the formation of fewer than expected 

atherosclerotic lesions.[261 

In subsequent studies performed in Japanese quail, DNA sequences related to the 

Marek's disease virus genome (but no infectious virions) were found in the arterial 

plaque lesions of birds known to be genetically susceptible to atherosclerosis; birds 

relatively resistant to such disease lacked such DNA sequences.[291 

In a rat model, experimental deliberate balloon injury of the carotid artery in 

immunosuppressed animals followed by deliberate infection with CMV caused 

endothelial injury.r301 The virus was subsequently demonstrable within the neointima in 

the areas of endothelial denudation. Also, in a rat allograft model, early CMV infection 

after transplantation significantly enhanced the development of smooth muscle cell 

proliferation and allograft atheroscler~sis.[~'~ 

Cytomegalovirus in humans 

The finding of herpesvirus-induced atherosclerosis in chickens prompted research 

investigating the possibility of an analogous role of such viruses in humans. The 

clearest candidate microorganism in this setting is CMV. 



Chronic infection, Chlamydia and CHD 

CMV infection is very common. In the USA, for example, the prevalence of antibodies 

to CMV is about 10-15% in the adolescent population, rising to &50% by age 35 

years, and to over 60-70% in adults over 65 years of age. This age-related pattern 

resembles that of atherosclerosis.[321 As with other herpesviruses, infection with CMV, 

can become chronic and 'latent', although the site of such dormancy remains unclear. 

Periodic reactivation of the infection may occur, particularly in immunosuppressed 

patients. 

Evidence of CMV in plaques 

In 1983, Melnick et al. reported the presence of CMV antigens (though not infectious 

virus) in smooth muscle cells cultured from arterial specimens taken from patients who 

had undergone carotid endartere~tom~."'] Furthermore, in another study, virions 

morphologically resembling herpesviruses were detected (by direct electron microscope 

examination) in a small percentage (2.5%) of biopsy specimens from the ascending 

aorta of patients with a theroscler~sis .~~~~ 

By contrast, studies conducted using dot-blo t and in situ hybridisation techniques found 

that CMV DNA positivity was lower in femoral and abdominal arterial samples from 

patients undergoing vascular surgery for arterial disease than in an autopsy-control 

group (44% versus 58%).1351 However, when a more sensitive detection technique 

polymerase chain reaction (PCR) was used, the proportion of positive samples in the 

vascular surgery group increased (to 90%), whereas the results in the control group 

were little changed (53% of samples positive).[361 Since both early and late regions of 

the CMV genome could be amplified in this study and other studies have demonstrated 

CMV DNA distributed widely in the vascular tree,[371 it has been suggested that the 

arterial wall may be a site of latent CMV infection. Such infection could lead to chronic 

changes that predispose to the development of atherosclerosis.[381 In keeping with these 

notions, herpesviruses genomic sequences and antigens have also been detected in 

coronary artery and thoracic aorta samples (obtained at autopsy from trauma victims 

aged 15-35 years) showing early atheromatous changes.r391 
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Overall, in 16 published studies on CMV in vascular pathology samples there were only 

small differences in the proportion of atheromatous and non-atheromatous blood vessels 

positive for CMV (47% [283 of 6071 versus 39% [I54 of 398]), with a weighted odds 

ratio (OR) of 1.4 (95% confidence interval [CI] 1.0-1.9).[401 One possible explanation 

for this finding is that in some cases, CMV may initiate the atherosclerotic process but 

the organism subsequently becomes difficult to detect. Circumstantial evidence to 

support this idea comes from studies using the more sensitive PCR technique: overall 

CMV was detected in 57% (228 of 399) of atheromatous vessels compared with 36% 

(1 13 of 31 1) of control samples, yielding a weighted OR of about 2.5 (95% CI 1.6- 

3.5).[401 

Anti-cytomegalovirus antibodies and atherosclerotic disease 

A significantly higher prevalence of serum anti-CMV antibodies and higher antibody 

titres have been observed among patients with vascular disease compared with controls 

without such disease but matched for age, ethnicity, hyperlipidaemia and 

socioeconomic Similarly, in another study, high titres of anti-CMV 

antibodies were more prevalent among patients undergoing surgery for atherosclerotic 

disease (70%) than in matched control patients (43%).14*] A case-control study 

performed on a subset of the Atherosclerosis Risk in Communities (ARIC) study[431 

indicated that those with carotid artery intimal thickening, on ultrasonographic 

examinations (a marker of 'preclinical' atherosclerosis), had significantly higher anti- 

CMV antibody titres than controls without such vessel thickening.[441 (There was no 

correlation between the presence or absence of intimal thickening and antibodies 

directed against HSV-1 or HSV-2 antigens.) This statistical association with CMV was 

not confounded by conventional CHD risk factors (hypercholesterolaemia, 

hypertension, diabetes mellitus). A subsequent prospective study in the ARIC cohort 

confirmed the relationship between raised anti-CMV antibody titre and increased risk of 

carotid wall thickening.[451 This contrasts with the negative findings of a further case- 
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control study.["] Prior infection with CMV did not seem to be a significant risk factor 

for angiographically demonstrated CHD. 

In a study conducted by Chiu et al., CMV organisms were detected in over one-third of 

carotid atheroma samples, but the organism's presence showed no apparent correlation 

with serum levels of anti-CMV antibodies.[471 

Cytomegalovirus and post-angioplasty restenosis 

The potential role for CMV in the restenosis of arteries that can follow coronary 

angioplasty has also been investigated.["' In one study, histological examination of 

atheromatous tissue from restenotic areas revealed the presence of CMV DNA in 23 of 

60 (38%) restenotic lesions examined. Smooth muscle cells from the restenosed lesion 

expressed CMV protein IE84 and contained high amounts of p53 (a tumour suppressor 

protein involved indirectly in DNA repair). Also, deliberate in vitro CMV infection of 

such smooth muscle cells led to enhanced p53 accumulation, which in turn had a 

temporal association with IE84 expression. These results support the findings of a 

prospective study conducted by Zhou et a ~ . ' ~ ~ '  These investigators found that patients 

with serological evidence of previous CMV infection had a high rate of restenosis after 

coronary angioplasiy: 43% of those with anti-CMV ' I ~ G  antibodies developed such 

restenosis compared with 8% of seronegative patients @<0.002). The investigators 

suggested that, in certain datients, angioplasty-induced injury to the vessel wall may 

reactivate a latent CMV infection and enhance the smooth muscle cell proliferation (via 

IE84-mediated inhibition of p53 function) typically seen in restenotic lesions. 

Other investigators were able to detect CMV DNA in only a small proportion of 

coronary endarterectomy specimens (two of 28 samples, 7%) taken during coronary 

artery bypass surgery.[501 Furthermore, Kol et al. were unable to demonstrate CMV 

messenger RNA in atherectomy specimens from 40 patients with CHD - evidence 

against the suggestion that locally active CMV infection plays a major pathogenetic role 

in a ther~~enesis . '~ '~  
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Cytomegalovirus in transplant vasculopathy 

Stronger evidence that CMV plays a direct role in atherosclerosis comes from studies of 

the infection's association with the development of the accelerated allograft 

vasculopathy often seen in recipients of cardiac transplants.[521 This atherosclerotic 

process usually comprises diffuse smooth muscle proliferation, peri-vascular 

inflammation and collagen accumulation; classical atheromatous plaques are 

uncommon.[531 

Grattan reported on a series of 387 consecutive patients in Stanford, USA, who received 

heart transplants and had their CMV status checked (pre- and post-transplantation).~541 

In all, 122 (32%) of the patients had serological evidence of CMV infection. Their 

clinical outcomes were compared with the remaining 265 transplant patients (the CMV- 

negative group). Transplant patients in the CMV-positive group developed 

atherosclerosis more often and earlier than seronegative patients. The actuarial mortality 

rate from atherosclerosis in the transplanted heart was 30% in this group compared to 

only 10% in the CMV-negative group ( ~ ~ 0 . 0 5 ) .  These observations have been 

confirmed by- investigators in ~ i n n e a ~ o l i s [ ~ ~ ~  and ~ a l t i m o r e . ~ ~ ~ ]  These data are 

intriguing given that pathological studies have demonstrated CMV nucleic acids 

sequences (in addition to those of HSV virus and Epstein-Ban virus) in the coronary 

arteries of trsnsplanted hearts.'571 

Overview 

The suggestion that herpesviruses may have a role in atherogenesis is supported by in 

vitro studies. Infection of endothelial cells by herpesviruses results in a reduction in 

thrombomodulin expression and an increase in tissue factor activity,[581 changes which 

contribute to thrombosis in an atherosclerotic lesion. Furthermore, HSV-infected 

endothelial cells express the adhesion molecule GMP140 on their surface.'591 This 

molecule may in turn trigger adherence of leucocytes to endothelium, a feature of early 

atherosclerosis. 
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Although CMV is often detectable in human arterial tissue, there is no consistent 

association between CMV infection and atherosclerotic lesions in typical CHD patients. 

The finding of CMV antigens and nucleic acid sequences in arterial smooth muscle 

cells suggests that CMV infection of the arterial wall may be a common occurrence in 

patients with atherosclerosis. Although such findings form the basis of proposed 

pathogenetic mechanisms, by themselves they do not, of course, confirm a role for 

CMV in atherogenesis. Furthermore, since many individuals in the general population 

have antibody titres consistent with previous CMV infection (and, conversely, many 

patients with documented arterial diseases do not have elevated anti-CMV antibody 

titres), seroepidemiological data can hint at, but not prove, a causal relationship between 

CMV and atherosclerosis.[571 

A recent meta-analysis of the epidemiological associations between CMV and CHD 

identified several studies reporting odds ratios of 2 or higher (see Figure 3).'a1 

However, many of the studies considered involved small sample sizes, inadequate 

adjustments for known confounders and exploratory statistical analyses. In addition, 

fewer than 400 of the 1600 cases in these studies were defined as 'native' coronary 

atherosclerosis, with the majority involving cases of coronary artery restenosis, 

development of accelerated transplant atherosclerosis after transplantation or disease in 

arteries other than coronary arteries. There is much more evidence of a link between 

CMV infection and the development of accelerated transplant atherosclerosis,[s41 

(although not all studies support such an ass~ciation["~). 
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The biological properties of CMV are consistent with a pathogenetic involvement at 

different stages of atherogenesis, and many of these properties are shared by other 

herpesviruses. However, further investigation is required before these viruses can be 

said to have a role in human atherogenesis. 

Helicobacter pylori 

Helicobacter pylori is a bacterial infection, typically acquired in childhood, that 

colonises the stomach and causes peptic ulcer disease and type B Interest in 

a possible association between H. pylori and CHD originated from earlier observations 

of associations between peptic ulceration and CHD.'~~] 

Anti-Helicobacter pylori antibodies and CHD 

In a case-control study conducted in London, UK, anti-H. pylori seropositivity 

correlated significantly with angiographically diagnosed CHD:[~~ '  66 of 1 1 1 (59%) 

males with CHD were seropositive for H. pylori compared with 29 of 74 (39%) controls 

(odds ratio 2.28; pc0.007). The same investigators went on to show that seropositivity 

to H. pylori was associated with serum cardiovascular risk markers, such as elevated 

leucocyte count, factor VIIa, C-reactive protein (CRP) and fibrinogen levels.'641 They 

postulated that the association between the organism and markers of cell activation and 

inflammation suggested mechanisms by which common infections could contribute to 

athercgenesis. In an alternative hypothesis, Birnie et al. proposed that an auto-immune 

process may explain the association between H. pylori and CHD.[~~]  They correlated the 

presence of both anti-heat shock protein 65 antibodies and that of anti-H. pylori 

antibodies with angiographically detected CHD. Furthermore, in a double-blind, 

placebo-controlled study, successful eradication of H. pylori led to a significant fall in 

anti-heat shock protein 65 antibody titres in the treated group. 
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Helicobacter pylori and CHD: confounding factors 

Two studies have failed to show a relationship between coagulation and inflammatory 

markers and H. pylori infection."*671 Furthermore, larger studies using prospective 

methodologies and better-defined control subjects have been unable to demonstrate any 

independent association between this infection and CHD (see Figure 4).[68+691 These 

studies also suggested that lower socioeconomic status is a major confounding variable 

in any apparent relationship between H. pylori infection and atherosclerotic disease. 

Two prospective studies have attempted to establish whether there is a relationship 

between H. pylori and all-cause mortality risk. Strandberg et ~ 1 . ~ ~ ~ '  investigated an 

elderly population of men and women (aged 75-85 years) over a 5-year period, while 

Strachan et ~ 1 . ~ ~ "  followed up middle-aged men for a period of 13.5 years. Both studies 

documented only weak associations between H. pylori seropositivity and mortality 

rates. These associations became statistically insignificant after adjustment of multiple 

covariates. On the basis of population prevalence data from developed nations, other 

obse~vers have even suggested that there may be a negative association between 

seropositivity to H. pylori and deaths from CHD.'~~] 

A meta-analysis of 18 epidemiological studies, involving a total of over 10,000 patients, 

found no correlations between evidence of H. pylori infection and blood pressure, 

leucocyte count, or serum concentrations of total cholesterol, fibrinogen, triglycerides or 

C-reactive protein.[731 It has been suggested that the earlier claims of correlations 

between H. pylori seropositivity and certain vascular risk factors were largely, or 

wholly, due to chance or preferential publication of positive results. 

Currently, there is no evidence to suggest that H. pylori is involved directly in the 

pathogenesis of atherosclerotic plaques. For example, one pathological study found no 

evidence of the organism in aortic plaque tissue analysed by PCR following removal 

from 51 patients undergoing abdominal aortic aneurysm surgery.'741 This was despite 

the fact that 92% of the patients had anti-H. pylori antibodies. 
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Virulent strains of H. pylori and CHD 

A retrospective case-control study suggests that a particularly virulent form of 

H. pylori, the Cag-A (Cytotoxin-associated gene A) strain may be more clearly linked 

with CHD.['~] In this study, Pasceri et al. identified a significantly higher prevalence of 

the Cag-A positive strain of H. pylori in 88 patients with angiographically diagnosed 

CHD, than in 88 age- and sex-matched controls without CHD (43% versus 17%; 

p<0.001). It is worth noting that case subjects in this study were of lower socio- 

economic status than controls: this factor may have been acting as a major confounder 

in the apparent association of H. pylori and CHD. Given that the Cag-A strain may be 

associated with an increased inflammatory response (at least, in the setting of peptic 

ulceration), it is feasible that such an effect might, in the long term, have a bearing on 

the development of atheroscler~sis.[~~ Larger prospective studies are needed to clarify 

the role (if any) of this strain of H. pylori in CHD. 

Overview 

The early case-control studies[631 observing an association between H. pylori and CHD 

have been superseded by larger prospective The latter studies 

indicate that the organism is unlikely to have a major independent role in atherogenesis 

or development of CHD. Whether or not a sub-group of seropositive subjects (say, 

those infected with particularly virulent strains of H. pylorir751) mount abnormal 

immune or inflammatory responses (which could, in theory, trigger cardiac events) is 

not known. 

Dental infections 

Bacterial infections associated with dental caries and periodontal disease are most 

commonly caused by Streptococcus mutans, Porphyromonas gingivalis, ActinobacilIus 

actinomyceterncomitans and Prevotella i n t e r m e d i ~ . [ ~ ~ ' ~ ~ ]  Such infections have been 

proposed as risk factors for the development of CHD. 
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Epidemiological data 

An observational study by Mackenzie et a ~ . ~ ~ ~ ~  noted how a substantial number of 

patients with diabetes mellitus and atherosclerotic disease exhibited greater alveolar 

bone loss than that seen among healthy controls. Evidence from a later case-control 

study suggested that poor dental health could predispose to thromboembolic disorders: 

40 patients presenting with acute cerbral infarction were noted to have a significantly 

higher prevalence of chronic dental infections than that in age- and sex-matched 

controls.[791 

The relationship between dental health and CHD was investigated by Mattila et a1.[801 

They scored the severity of dental infections according to a 'total dental index' (TDI), 

which was based on the number of carious teeth, extent of periodontal disease and 

number of periapical lesions. Overall, TDI was significantly higher in patients with 

recent myocardial infarction (MI) (n=100) compared with a matched series of controls 

(n-102). This association remained after adjustments were made for age, social class, 

smoking, serum lipid levels and diabetes rnellitus. Similarly, in a large cross-sectional 

survey, around 1400 Finnish men who had lost over half of their teeth (an indirect 

marker of poor dental health) had a twofold increased risk of having a history of CHD 

compared with those who still had more than half of their own teeth.l8l1 This correlation 

was independent of age, height and educational status. Another study has suggested a 

positive (and independent) association between the extent of CHD (as scored on 

angiography) and the presence of dental sepsis.[821 

TIe authors of a meta-analysis commented on the increasing circumstantial evidence 

linking periodontal disease with CHD, especially in males aged 40-50 years.[831 It was, 

however, notable in this review that: nearly all the studies were performed exclusively 

in males; not all the studies specifically investigated periodontal disease (some used 

other measures such as number of teeth and radiological data); and not all the studies 

controlled adequately for established confounding atherogenic cardiovascular risk 

factors. 
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Possible mechanisms 

There are several potential mechanisms by which dental sepsis might contribute to 

coronary atherogenesis. For example, the periodontal pocket typically contains between 

10~-10' bacteria, and the products of these bacteria (in particular the LPS and other 

endotoxins) will have ready access to the underlying vasculature of gingival connective 

tissue (and hence could undergo systemic spread).[831 In addition, Gram-negative 

bacteria may directly damage the endothelium. Indirect mechanisms may include a 

disturbance of the haemostatic system. Patients with poor dentition tend to have higher 

fibrinogen levels, leucocyte counts[s41 and levels of other haemostatic markers including 

von Willebrand's factor antigen;[851 all of these factors might promote or contribute to 

atherothrombosis. Furthermore, some patients with periodontal disease may possess a 

particular monocyte phenotype associated with pro-inflammatory effects.[861 

Overview 

Evidence of a clear relationship between dental health and CHD has emerged in 

observational studies. However, confirmatory prospective data are lacking, and the 

association between dental hygiene and CHD may simply reflect general health habits, 

rather than a causal relationship between dental sepsis and atherosclerosis. Whether 

dental disease simply mirrors other lifestyle factors more clearly associated with CHD, 

such as diet, exercise and smoking, needs further clarification. 

Other infections associated with CHD 

Acute respiratory infections 

Seasonal variation occurs in the incidence of MI, with there being more hospital 

admissions during winter than summer months."71 For example, in the Australian WHO 

MONICA trial registry, the incidence of fatal and non-fatal MI was 20-40% higher in 

the winter and spring months, compared with the summer and autumn months. 

Similarly, it is estimated that there are about 20,000 additional deaths from 
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cardiovascular disease each winter in England and The influence of 

respiratory infections has been suggested as a cause of these variations.[891 More 

specifically, epidemics of influenza have been linked with the excess of cardiovascular 

deaths during the winter.[g01 However, the risk attributable to influenza outside such 

epidemic periods is probzbly low, and evidence for a direct role for this infection in 

acute coronary syndromes is lacking. 

Further evidence for the potential influence of respiratory infection in CHD comes from 

a prospective case-control study of 150 consecutive patients admitted to hospital with 

MI, who were matched for age, gender and admission date with 150 hospital controls 

(without cardiorespiratory disease).[''] Common cold or flu-like symptoms in the 2 

weeks preceding admission had occurred in 42 (28%) of the cases and 23 (15%) of the 

controls (odds ratio 2.2). It is possible that such illnesses lead to pro-atherogenic 

inflammatory changes. In keeping with this idea, a prospective study in the UK 

involving 96 people (aged 65-74 years) found that serum fibrinogen (and factor VIIc) 

levels tended to be higher in the winter compared with other seasons and correlated with 

elevated neutrophil counts, CRP and self-reported cough and coryza1 symptoms.r881 The 

researchers suggested that minor respiratory infections might have activated acute phase 

reactants and hence accounted for the raised fibrinogen levels, and contributed to the 

excess cardiovascular risk in winter months. 

One case-contol study involving 9571 patients (1922 cases diagnosed with acute MI; 

7649 age- and sex-matched controls) found significantly more cases than controls had 

an acute respiratory infection in the 10 days before the cardiac event (2.8% versus 0.9%, 

relative risk for MI 2.7 [1.6-4.71).[~~] NO increase in MI rates was found in relation to 

urinary tract infections. Adjustments were made in this study for smoking status and 

body mass index (BMI) but not for social class. The investigators speculated that acute 

respiratory infections might be a trigger of acute MI, with systemic inflammation 

(secondary to the infection) leading to increasing levels of CRP, fibrinogen and 
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cytokines. Such changes might, in turn, increase any tendency towards plaque 

instability and rupture with subsequent thrombosis. 

Coxsachievirus B infections 

A few studies have suggested an association between coxsachievirus B infection and 

acute MI. For example, coxsachievirus B-specific IgM responses were measured in 329 

patients admitted to a single coronary care unit over a 12-month period and compared 

with serum responses in 178 age-matched controls.[931 Patients with acute MI were 

observed to be significantly more likely to have positive seropositivity to 

coxsachievirus B-specific IgM than the controls @-0.02). Other studies have failed to 

demonstrate such an association[941 and overall, the data remain inconsistent. No 

prospective cohort study has been performed. There is a much clearer correlation 

between acute myocarditis and coxsachievirus B infection.[9s1 

Enterovirus infections 

An association between enterovirus infections and the risk of MI has been reported.[961 

In a prospective, nested case-control study, higher levels of anti-enterovirus (ECV) 

antibodies were significantly associated with developing MI in middle-aged men 

(n-183 cases; n-228 controls, 9-year follow-up). Among women, there was a trend 

towards higher levels of anti-ECV antibodies in those who had gone on to develop MI, 

but this was not statistically significant. Interestingly, no differences were found 

between cases and controls (men or women) in their levels of antibodies to heat- 

denatured coxsackievirus B5 or adenovirus hexon protein. The investigators 

acknowledged that it remains unclear whether higher levels of ECV reflect a history of 

frequent ECV infections (and which may be a risk factor for MI), whether genetic 

factors predisposing to MI also predispose to enhanced serum antibody responses, or 

whether ECV antibody levels are simply based on cross-reactions with host-cell 

proteins. 
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HIV infection 

Paton et al. described a series of eight HIV-positive males whose autopsies revealed 

marked atherosclerotic changes in the coronary arteries.[971 The lesions were unusual for 

healthy subjects in this age group (23-32 years) without typical atherogenic risk factors. 

The authors concluded that viral infection (either HIV or co-existing herpesviruses) had 

probably contributed to the development of the coronary artery pathology. In another 

autopsy study, distinctive pathological changes (intimal elastosis and medial dysplasia) 

in the coronary arteries were more frequently found in 32 male patients (mean age, 41 

years) with HIV than in a similar number of age-matched controls.[981 There was, 

however, no signficant difference in the prevalence of cardiovascular risk factors or in 

the incidence and severity of clinically overt CHD between the two groups of patients. 

What about C. pneumoniae? 

There is a lack of evidence to suggest that any of the organisms discussed above have a 

causal role in CHD. In particular, relevant prospective data are either limited or absent. 

By contrast, there is a large and growing body of research implicating the intracellular 

pathogen, C. pneumoniae, with atherogenesis. This evidence includes data fiom sero- 

epidemiological studies, direct examination of atherosclerotic plaques, animal models 

and preliminary clinical intervention studies. 

These findings (to be reviewed in later chapters) make C. pneumoniae a far more 

plausible potential contributor to the pathogenesis of atherosclerotic disease than any of 

the other microorganisms so far discussed. 

Summary 

Commonchronic infections may contribute to atherogenesis and CHD progression. It is 

now generally accepted that atherosclerosis has an inflammatory component but 

whether antigens fiom microorganisms represent the trigger or are modulating factors of 
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such inflammation is unclear. Overall, prospective and longitudinal data are either 

limited or absent for most of the infections discussed in this chapter. CMV infections 

seem to be associated with the development of coronary artery restenosis andlor graft 

vasculopathy (rather than 'native' atherosclerosis). In the case of H. pylori, the presence 

of confounding factors (principally socioeconomic class) seems to preclude any 

independent link with CHD, although stronger evidence suggests that the more virulent 

Cag-A strain may have relevant pro-inflammatory and possibly pro-atherogenic effects. 

Evidence linkmg chronic dental sepsis and respiratory infections with CHD is 

intriguing, but certainly not conclusive. 

Chlamydia pneumoniae is currently the leading potential 'culprit' infection in CHD. 

The next chapter outlines the epidemiology and microbiology of this organism. Much 

of the remainder of the book reviews evidence implicating C. pneumoniae in 

atherosclerosis and CHD, and discusses how the organism might trigger or promote 

such disease. 
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Chapter 3: Chlamydia pneumoniae: 
Natural history, epidemiology and 
microbiology 

Introduction 

Chlamydia pneumoniae is a very common cause of infection in humans. Before 

reviewing evidence implicating C. pneumoniae in atherogenesis, it is worth considering 

background details on the organism itself. Of particular relevance are the natural 

history, epidemiology and microbiology of C. pneumoniae and other chalmydial 

species, and available anti-chlamydia1 antibiotic treatments. 

Background 

Chlamydiae are obligate intracellular parasites. They cannot synthesise adenosine 

triphosphate or guanosine triphosphate, and so depend wholly on energy produced by 

the host cell. In some respects, they resemble large viruses. However, the presence of a 

Lipopolysacchoride (LPS) cell wall, DNA and RNA, and the ability of the organisms to 

replicate by binary fission classifies them as Gram-negative bacteria.''] There are three 

main species of Chlamydiae: Chlamydia trachomatis and C. pneumoniae are primarily 

pathogens of man; Chlamydia psittaci mainly infects birds. Chlamydia pecorum infects 

sheep and cattle and, so far, has not been described in humans.[21 
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Range of infection in humans 

Chlamydia1 infection is a major cause of disease in humans.[31 Trachoma (caused by C. 

trachornatis infection) is the leading preventable cause of blindness in the world.r41 

Genital C. trachornatis is the principal cause of pelvic inflammatory disease in the UK 

and the USA,['] and of neonatal inclusion conjunctivitis worldwide.[61 

Chlamydia pneurnoniae species was first identified as a respiratory pathogen in 1986.['] 

(See Figure 5.) As early as 1943, Smadel had described cases of Chlamydia-induced 

pneumonia in humans who had had no prior contact with birds (as reviewed by Allegra, 

1995),@' which are potential sources of C. psittaci. Later, an 'atypical' C. psittaci strain 

was found to be responsible for acute respiratory infections in young This 

strain was given the name TWAR, an acronym generated from the names of two early 

isolates: TW-183 (isolated in 1965 from the conjunctiva of a child during a trachoma 

vaccine study in Taiwan) and AR-39 (isolated in 1983 from a throat swab of a student 

in seattle)."' 
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Figure 5: Fluorescence micrograph of McCoy cells inoculated with C. pneumonaie 

Natural history of Chlamydiae 

Life cycle 

The interaction between chlamydiae and their host cells includes several distinct stages: 

Attachment to and entry into host cells 

Parasitism of host cell's energy supply . Chlamydia1 reproductive cycle within cells 

Persistence of chlamydia] infections in some cells . Cell destruction with liberation of new infective particles 

Chlamydiae exist in two distinct forms in their life developmental cycle - infectious 

elementary bodies and larger non-infectious reproductive reticulate bodies. The 'pear- 

shaped' elementary bodies infect host cells, probably via a receptor-mediated 
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process.[101 Elements of the chlamydial cell wall, which is composed of outer and inner 

membrane proteins and LPS (the genus-specific antigen"'*lzl) probably facilitate 

attachment of infectious chlamydial organisms to host cells. In keeping with this idea, 

the major outer membrane protein (MOMP) contains several highly cross-reactive 

proteins that may help reduce the mutual electrostatic repulsion that usually occurs 

between host cells and elementary bodies.[I3' Having entered host cells, elementary 

bodies differentiate into reticulate bodies, which then multiply intracellularly, using the 

host's supply of energy and nutrients. The endotoxin activity of chlamydial LPS seems 

to be much lower than that of LPS from Gram-negative enterobacteria.[l4] Chlamydial 

LPS is, therefore, less likely than those of other microorganisms to trigger the host's 

immune defences and so may allow chlamydiae to establish long-lasting parasitic 

relationships with the host.["' At the same time, MOMP and other antigens are released 

on to the host cell surfaces and can thereby stimulate neutralising antibody responses. 

The reticulate bodies convert to elementary bodies by processes of re-organisation and 

c~ndensation.['~' The developmental cycle normally (but not necessarily) ends in 

rupture of the host cell with release of thousands of elementary bodies that can then 

initiate a new cycle in adjacent cells."71 

Irnmunopatholog ical consequences 

Chlamydial infections are usually limited temporally by potent cell-mediated and 

humoral immune responses. However, such infections do not elicit any long-lasting 

immune protection from reinfection. Immunity is only partial and short-lived, and re- 

infections are In a persistent infection, continual re-exposure to the 

organism may lead to hypersensitivity reactions with associated tissue injury. During 

this phase, features of inflammation are prominent but chlamydial organisms are rarely 

isolated.[lgl The significance of hypersensitivity responses in chronic chlamydial 

infections first emerged in 1962 during anti-chlamydia1 vaccination trials in humans and 

primates.[201 Prior immunisation with killed chlamydial organisms led to a more severe 

disease during infection, suggesting that the immunisation primed the host to develop a 

deleterious hypensensitivity response. 
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It has been suggested that the immunopathological sequelae of chronic chlamydial 

infections may be mediated via release of so-called heat shock (or stress) proteins 

(HSPS).'~'] These proteins have important functions in cellular metabolism and help 

cells to deal with adverse environmental stimuli.[221 HSPs are induced in cells by several 

factors such as heat, acute or chronic infection and other unfavourable conditions. They 

are highly conserved, and HSPs from eukaryotic cells, parasites and bacteria exhibit 

wide cross-rea~t iv i t~ . [~~~ Recent studies have shown that Chlamydiae possess at least 

two HSPs: the 60 kD and the 70 kD protein.[24w251 

Epidemiology of C. pneumoniae 

Chlamydia pneumoniae usually causes around 6 1 0 %  of cases of community-acquired 

pneumonia.[26+271 However, during epidemics, it may account for 50% of such infections 

worldwide.[281 Most acute chlamydial infections are subclinical or produce only mild 

flu-like symptoms,[91 or pharyngitis, otitis media or s in~si t i s ; '~~ '  only rarely does the 

organism cause life-threatening infections.[301 

Chlamydia pneumoniae infection spreads via respiratory droplets. Studies in families 

and military recruits suggest that the infection has an incubation period of 3-4 

 week^.[^'+^^] Interestingly, however, anti-C. pneumoniae antibody prevalence appears 

unusually low among certain remote African tribes,13" in which the population density 

seems too low for there to be continuous circulation of the organism. Population data 

accumulated from all age groups in Seattle, USA shows that the prevalence of 

anti-C. pneumoniae IgG antibodies is low in those aged under 5 years, but then 

increases rapidly with age until about 15 years and then more slowly throughout the rest 

of life, reaching about 70% in older adults.[321 Around 50% of middle-aged adults 

worldwide have antibodies to C. pneumoniae.[30'341 The antibody prevalence in males is 

generally 20-25% higher than in females,'261 perhaps due to the higher rates of smoking 

and related respiratory infection among men. 
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Given that the anti-C. pneumoniae antibody titre usually falls with eventual loss of 

measurable antibody 3-5 years after infection, the population prevalence data suggest 

that reinfection is common. Overall, most people probably have two or three C. 

pneumoniae infections during their lifetime.[251 

Chronic C. pneumoniae infection 

A major element in C. pneumoniae's role as a human pathogen is its ability to persist 

within the body and cause chronic infections. (In general, the terms 'chronic', 'latent' 

and 'persistent' are used interchangeably in relation to chlamydial infection.) Whether 

the chlamydial antigens change during infection such that they become less easily 

recognised by the immune system, or whether other factors allow the organism to 

persist, is unclear."" l e  infection has been linked with several chronic inflammatory 

conditions, in particular, coronary heart disease (CHD) and atheroscIerosis. (See Table 

3.) Case study reports provide some very limited and debatable evidence of associations 

between C. pneumoniae and sarcoid~sis,[ '~~ reactive arthritis[361 and Guillain-BarrC 

syndrome.[371 There is also evidence to suggest that chronic C. pneumoniae infection 

exacerbates wheezing episodes in asthma["] and bronchitis.i391 In addition, some 

investigators havz suggested C. pneumoniae infections may partly explain the increased 

incidence of asthma seen over recent years in many countries.[401 
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Table 3: Chlamydia pneumoniae and its association with chronic diseases 

Asthma 

Sarcoidosis 

Lung Cancer 

Atherosclerosis 

Repeated exposure to C. trachomatis antigen(s) in the course of chronic infections is 

central to the development of both scarring trachoma and fallopian tube obstruction)411 

processes which probably involves a hypersensitivity reaction to chlamydia] HSP 6 0 . ~ ~ ~ '  

Whether similar mechanisms exist in persistent C. pneumoniae infection is not known. 

Diagnosis of C. pneumoniae infection 

Traditionally, the laboratory diagnosis of any infection is made by the identification of 

the microorganism by culture techniques applied to specimens taken from symptomatic 

patients, or, in some cases, by the detection of an antibody response to the organism. 

Diagnosis of acute C. pneumoniae infection is difficult.["' Four main diagnostic 

techniques have been tried, with varying degrees of success (see Table 4). Establishing 

whether or not persistent C. pneumoniae infection is a cause of chronic disease is even 
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more difficult. A fundamental diagnostic problem Iies in determining whether or not the 

pathogen triggers an abnormal self-perpetuating reaction that causes progression of 

disease (such as atherosclerosis), while C. pneumoniae itself becomes latent or 

disappears. 

Table 4: Some laboratory methods applied in the diagnosis of C. pneumoniae infection 

Isolation in cell culture 

HeLa 229 cell cultures 

Hep 2 cell cultures 

McCoy cell cultures 

Antigen detection 

Direct immunofluorescence test 

Enzyme immunoassay 

Serological antibody tests 

Complement fixation test 

Microimmunofluorescence test 

Polymerase chain reaction 

Microbiological culture 

Chlamydia pneumoniae has proved difficult to isolate, even in acute infection. Also, 

where chronic infection is suspected, a negative result in an isolation test is not a 

reliable indicator of the organism's absence. Attempts to propagate the organism in 

culture have been largely unsuccessful despite use of several well-established cell lines 

(e.g. HeLa 229 or Hep 2). The organism grows poorly in comparison with the other 

chlamydia1 species. In addition, C. pneumoniae organisms are susceptible to destruction 

by techniques that involve a freeze-thaw cycle: rapid freezing inactivates more than 

50% of the Of interest, although C. trachomaris is relatively easy to 
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culture in the setting of acute infections, cell culture studies are rarely positive in 

chronic C. trachomatis infections.[441 

Serological tests 

In the case of C. trachomatis and C. psittaci, the MOMPs (encoded by the ompl 

gene[451) contain species-specific antigens and, therefore, allow differentiation between 

these species by serological methods using microirnmunofluorescence techniques based 

on anti-MOMP monoclonal antibodies. By contrast, the 39.5 kD MOMP antigen of C. 

pneumoniae shows cross-reactivity with other chlamydial species.[341 This antigen is 

easily destroyed by physical or chemical treatment, and this has hindered efforts to 

characterise it.[461 

Microimmuno~uorescence test 

The type-specific microimmunofluorescence test (originally devised in 1970 for 

C. trachoma ti^[^^') remains the only specific and sensitive serological test for detecting 

evidence of C. pneumoniae infection. This test allows differentiation of IgM, IgA and 

IgG antibodies, potentially allowing the recognition of both current and previous 

infections, and commonly uses fixed whole elementary bodies as antigen; the target 

epitopes probably reside on the MOMP. The microimmunofluorescence test, when read 

by an experienced microscopist, can distinguish reliably between specific reactions and 

various 'noises' from cross-reacting antibodies to other chlamydial or bacterial 

species.["' The test does not give an exact numerical value and, in terms of consistency, 

depends on the reliability of the microscope and reagents, as well as the experience of 

the reader. As yet, there is no standardised quality control system to check performance 

of the microirnmunofluorescence test in different laboratories. 

A preliminary report has shown a relatively low inter-laboratory variability in the 

results of microimmunofluorescence assays used in serodiagnosis of C. pneumoniae 

infe~tion.'~" Although the absolute values for IgG and IgM responses to C. pneumoniae 

infection varied from laboratory to laboratory, the overall agreement of all 14 
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participating laboratories (with a 'gold standard' set from the central laboratory in 

Washington DC, USA) was 80% (range 60-90%). Although encouraged by the 

findings, the authors acknowledge that further studies are needed to define the factors 

that require standardisation for these assays. 

Suggested criteria for positive antibody tests are shown in Table 5. 

Table 5: Serological diagnosis of C. pneumoniae infection 

Acute infection 

fourfold IgG titre rise 

Single IgM titre 21/16 

Single IgG titre 211512 

Pre-existinglchronic infection 

IgG titre 21/16 and 511512 

Complement fixation tests 

Complement fixation tests rely on serum antibodies interacting with the chlamydial 

genus LPS antigen. Since this antigen is shared by all chlamydial organisms, the test 

cannot differentiate between chlamydial species.["' Accordingly, it is now clear that 

many patients diagnosed as having 'psittacosis' (presumed to be caused by C. psittaci) 

on the basis of a positive complement fixation test results were, in reality, infected with 

C. pneumoniae. The complement fixation test is positive in under one-third of patients 

with other evidence of exposure to C. pneumoniae infection, and older patients may not 

show a positive complement fixation test response (despite having other evidence of 

C. pneumoniae infection).[261 
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Enzyme-linked irnmunosorbent assay tests 

The microimmunofluorescence assay is generally accepted as the gold standard for the 

serological diagnosis of an acute C. pneumoniae infection. However, interpretation of 

specific and non-specific fluorescence patterns requires considerable expertise and 

cross-reactions may occur with other chlamydial species. Partly as a result of such 

factors, an increasing role may emerge for enzyme-linked irnrnunoabsorbent assay 

(ELISA) detection of anti-chlamydia1 antibodies. Chemically pure antigens have been 

isolated for the detection of antibodies against chlamydial LPS; this has led to the 

development of a commercially available recombinant DNA LPS ELISA.[~" In a study 

by Verkooyen et al., the rDNA LPS ELISA appeared to be a more sensitive detector of 

acute respiratory chlamydial infection than was the traditional microimmuno- 

fluorescence methods, and demonstrated a high degree of reproducibility.[511 However, a 

major limitation is that the ELISA test is genus- and not species-specific. 

Serology and infection status 

Antibody prevalence studies in industrialised countries have shown that among the 

general population, of the different chlamydial species, IgG antibodies against C. 

pneumoniae are by far the most common and tend to be found in the highest tit re^.[^^] In 

addition, anti-C. pneurnoniae antibody titre levels measured using microimmuno- 

fluorescence are often comparable with anti-C. trachomatis antibody titres found in 

infertile women with chronic pelvic inflammatory disease, or in men or women with 

lymphogranuloma vene~-um.['~] These titre levels can be explained partly by booster 

effects caused by re-infections, but may also suggest the existence of chronic C. 

pneumoniae infection analogous to persistent, deep-sited C. trachomatis infections. 

Despite such evidence, serology is a controversial indicator of chronic C. pneumoniae 

infection. First, it gives no indication of the site of a such infection. Secondly, anti-C. 

pneumoniae antibodies are so common (especially in older age groups) that proving an 

association with a specific disease (such as CHD) is difficult. Thirdly, epidemics might 

temporarily induce high mtibody titres in control populations. Despite these limitations, 

a continuously elevated antibody titre may well be both a marker of a possible chronic 
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infection, and a sign of failure of the defence mechanisms against an intracellular 

pathogen. It has been suggested that persistently elevated serum IgG, or in some 

circumstances IgA, titres may be reliable markers of chronic chlamydial infection.[301 

IgA antibodies are also measurable in local secretions (e.g. in patients with chronic 

respiratory diseases) and their presence may help pinpoint the site of a chronic C. 

pneumoniae infection ( L  von Hertzen, unpublished data). 

Polymerase chain reaction techniques 

Polymerase chain reaction (PCR) methodology can be used to detect minute amounts of 

C. pneumoniae DNA, although a positive test does not necessarily indicate that viable 

organisms are present. The sensitivity of PCR investigation of respiratory secretions has 

been reported to be 75% as compared to serology in acute C. pneumoniae infection,[531 

and 76.5% compared to culture andlor direct antigen detection among symptomatic and 

asymptomatic adults with suspected C. pneumoniae infections.[541 The specificity of the 

test has been as high as 99-100% in some studies.r541 

The low sensitivity of the PCR test in C. pneumoniae infections may be due to use of 

inappropriate sample types to detect deep-sited infections or due to the presence of 

inhibitors within the samples, that prevent gene amplification.[5s1 Specific difficulties 

arise with suspected chronic infections: chlamydial forms adapted to a long-term 

parasitic relationship with' host cells have limited metabolic activity and may be 

undetectable by methods developed for normally growing forms.[421 

Antibiotic treatment of C. pneumoniae infection 

As with other chlamydial species, macrolide antibiotics and tetracycline are considered 

appropriate first-line treatment for C. pneumoniae infections. The new-generation 

macrolides, including clarithromycin and azithromycin have high in vitro activity 

against the organism, with extensive tissue and intracellular penetration, and better 

tolerability than other anti-chlamydia1 agents (such as tetracycline).[561 The particular 

properties of azithromycin will be discussed elsewhere (see Chapter 6). 
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Grayston et al. found that the clinical response of C. pneumoniae respiratory infection 

to antibiotics was often slow, with persistence of symptoms and frequent clinical 

relapse requiring further treatment.[71 Eradicating the organism from the respiratory tract 

may be difficult. For example, Hammerschlag et al. showed, that despite treatment with 

tetracycline (for 2-3-weeks), 3 of 9 patients with C. pneumoniae respiratory illness 

continued to have positive cultures for the organism over an 11-month period.[571 

Persistent organisms might act as a reservoir for spread of infection and could play a 

part in the pathogenesis of chronic disease associated with C. pneumoniae. 

Chronic C. pneumoniae infections (in which the organism may alter its antigenic 

characteristics) may be less susceptible to eradication by antimicrobials, but data 

confirming this are lacking. Long-term intervention studies are also lacking and, so far, 

no consensus exists on the optimal treatment of chronic infection. Specific antibiotic 

treatment may suppress the antibody response, and this may be an important factor 

when using serological tests to study the exact role of this organism in various disease 

states.[581 However, the effect of therapy on serological markers (if any) has not been 

established.[591 

Summary 

Chlamydia pneumoniae is one of the most common causes of infections worldwide. 

Most acute infections primarily involve the respiratory tract but tend to be mild or 

subclinical. However, the organism is also a common cause of community-acquired 

pneumonia. It is an obligate intracellular pathogen capable of causing latent and chronic 

disease and there is evidence to suggest it has a role in the pathogenesis of several 

inflammatory conditions. Of particular clinical relevance is the intriguing association 

between C. pneumoniae and vascular diseases. The evidence for this link is discussed in 

the next chapter. 
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Chapter 4: Association of Chlamydia 
pneumoniae with atherosclerosis: The 
evidence 

Introduction 

An association between chlamydial infection and vascular disease was first described 

about 60 years ago. In the 1940s, South America investigators observed that the 

intradennal Frei test (which measures hypersensitivity to all chlamydial species) was 

positive not only in patients with lymphogranuloma venenun, but often also in patients 

with arteriosclerosis.[11 At the time, these observations went largely unacknowledged, 

possibly because they were published only in Spanish. It is now clear that all 

chlamydial species can cause endocarditis, myocarditis or pericarditis.[21 In addition, 

evidence accumulated since the late 1980s fiom seroepiderniological, pathological and 

animal studies suggests that Chlamydia pneumoniae may have a direct role in the 

development or progression of atherosclerosis and, in particular, coronary heart disease 

(CHD). 

SeroepidemioIogical studies 

Links with CHD 

Early observations 

Saikku et al. were the first group to describe an apparent association between 

C. pneumoniae and CHD, in 1988.13] These investigators conducted a case-control 

study in which 26 of 38 (68%) consecutive males presenting with acute myocardial 

infarction (MI) had a raised titre of antibodies against an epitope of chlamydial 
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lipopolysaccharide (LPS), a raised titre was present in only 3% of a control group and 

absent in patients with chronic CHD. Furthermore, IgG and IgA anti-C. pneumoniae 

antibody titres (measured using an microimmunofluorescence assay) were, in general, 

elevated significantly in the cardiac patients (i.e. those with chronic CHD or acute MI) 

compared with titres in the controls. The investigators suggested that acute MI might be 

associated with an exacerbation of underlying chronic C. pneumoniae infection: in these 

patients, seroconversion might be a sign of a sudden imbalance between the relative 

amounts of chlamydia1 LPS and of antibodies directed against this antigen. The study 

was limited by the absence of a prospective design and the fact that there was no 

controlling for smoking and other cardiovascular risk factors. 

Further retrospective data 

Since the first case-control study, the association between elevated anti-C. pneumoniae 

antibody titres and atherosclerosis has been verified in 22 seroepidemiological studies 

performed worldwide over the last decade. Some of the principal studies are discussed 

below. 

In Seattle, USA, Thorn et al. showed that, compared with controls (i.e. people with 

normal coronary arteries), patients with angiographically diagnosed CHD had greater 

mean anti-C. pneumoniae antibody levels:l4] those with IgG antibody titres of 1/64 or 

greater were twice as likely as those with lower titres to have atherosclerotic lesions. 

However, these results were not stastistically significant, and the study did not control 

for smohng. In a further study conducted by the same investigators, 171 cases were 

cornpared to 120 matched controls. Patients undergoing coronary angiography who had 

an elevated IgG titre (2118) against C. pneumoniae were around twice as likely as those 

without raised titres to have angiographically detectable CHD (odds ratio 2.6 [1.4- 

4.8]).15] These differences persisted even after adjustments for certain cardiovascular 

risk factors (including serum cholesterol concentration, hypertension, diabetes mellitus 

and social class). However, it appeared that the association between raised anti-C. 

pneumoniae antibody titre and CHD was confined to smokers (an odds ratio of 3.5 for 
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ever-smokers versus 0.8 for lifelong non-smokers). Furthermore, the association was 

weaker (odds ratio 1.2) when subjects with normal coronary angiograms rather than 

members of the general population were used as controls. The authors concluded that 

the results of their study provided some (but not conclusive) evidence of an association 

between C. pneumoniae seropositivity and CHD. 

Work based at a UK institution has shown an association between seropositivity to C. 

pneumoniae and prevalent CHD in a community cross-sectional survey,[61 so 

corroborating the original findings of Finnish and American i n v e ~ t i ~ a t o r s . [ ~ ~ ~ ~  In 

particular, the study demonstrated a strong correlation between the presence of an 

elevated serum anti-C. pneumoniae IgG titre (21164) and CHD (odds ratio about 7), that 

was independent of age, social class and conventional cardiovascular risk factors (see 

Table 6). In the same study, a comparison was made between the antibody titres of a 

group of 100 males (age 45-65 years) with angiographically demonstrable CHD and 

those of a matched control group (without angina and with normal electrocardiographs, 

n=64). Both anti-C. pneumoniae IgA and IgG subclasses of antibodies were elevated 

significantly in the CHD group. An extension of this investigation assessed the 

relationship between C. pneumoniac seropositivity and certain serum cardiovascular 

risk factors.[71 Elevated serum fibrinogen, factor VIIa and CRP levels were found to be 

associated with a raised anti-C. pneumoniae antibody titre, suggesting that any harmful 

effects of infection in atherosclerosis may be mediated by activation of inflammatory 

and procoagulant markers. 
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Table 6: Effect of adjustment for various cardiovascular risk' factors on the relationship 

between anti-C. pneumoniae (Cp) antibody titre (IgG) and CHD 

Odds ratios - All Cp titres Low Cp titres 
titres adjusted for (16-32) 

High Cp 
(64+) 

Nothing 2.2* 
I 

*pc0.05; **p<0.01 (Adapted from Mendall MA, Carrington D, Strachan DP et al. 

Chlamydia pneumoniae: risk factors for serpositivity and association with coronary 

heart disease. J Infect 1995; 30: 121-8, with permission.) 

1.5 Age alone 
t 

Age, risk factors 
and social class 

In three other studies, (one based in the UK,[*] the other two in ~ t a l ~ [ ~ " ~ ~ )  a significant 

proportion of patients admitted with acute MI or unstable angina had serological 

evidence of chronic or previous C. pneumoniae infection. These results provide further 

circumstantial evidence of an association between serological markers of this infection 

and acute coronary events. 

1.6 

I 

6.6** 2.0" 

1.5 Age and risk factors 

Immune complex studies 

Chlamydia pneumoniae immune complexes have been found in about 60% of the 

patients with acute MI.["' During convalescence from the acute event, the immune 

complex pattern appears to shift from chlamydia1 antigen excess to anti-chlamydia1 

antibody excess. The presence of immune complexes containing bacterial proteins 

suggests that there may be a chronic C. pneumoniae infection very close to the lumen of 

blood vessels and that the organism's components are shed directly into the 

~irculation.' '~~ 

7.3"" 

6.9"" 2.0 

1.9 1.5 
6.1 * 
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Prospective data 

Additional evidence suggesting that C. pneumoniae might be involved in the 

pathogenesis of atherosclerosis was provided by a nested case-control study of sera 

collected prospectively from the Helsinki Heart ~ t u d ~ . [ " ]  These samples were used to 

investigate the relation between anti-C. pneumoniae antibody titres and subsequent 

development of CHD. Elevated IgA titres against C. pneumoniae and the presence of 

immune complexes containing C. pneumoniae LPS antigen were associated with an 

increased risk of developing a cardiac event 3-6 months after the sera had been 

collected (odds ratio 2.3, 95% confidence level [CI] 1.3-5.2). These associations were 

independent of age, blood pressure and smoking habit. Patients who had high IgA titres 

at both the beginning and the end of the study (suggesting persistent C. pneumoniae 

infection) were more likely to suffer a cardiac event during the interim. In contrast to 

other studies, there was no apparent evidence of a relationship between IgG anti-C. 

pneumoniae antibody titres and CHD. 

A larger prospective study of subjects in two areas of Finland recorded all cardiac 

events during a 7-year follow-up period.['41 Elevated anti-C. pneumoniae antibody titres 

(IgG 211128 and IgA 21/40) at baseline were associated with an increased risk of 

developing such events in non-diabetic subjects in eastern Finland, but not in diabetic 

patients in western Finland. There was no obvious explanation for the epidemiological 

pattern of these results. 

A subsequent nested case-control study (54 cases and 108 age-matched controls) 

conducted in the Netherlands (during 1985-1990) showed that an elevated anti-C. 

pneumoniae antibody titres was associated with an increased independent risk of 

developing CHD (i.e. cardiac death, MI or angina), with odds ratio 2.8 (95% CI: 1.3- 

5.8)."'] Interestingly, no association was demonstrable between CHD and seropositivity 

to either Helicobacter pylori or cytomegalovirus. 
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Links with cerebrovascular disease 

Asymptomatic disease 

Elevated anti-C. pneumoniae antibody titres are also linked with atherosclerosis in non- 

cardiac arteries. For example, in a case-control study, Melnick et al. reported that 73% 

of adults with asymptomatic carotid artery thickening (as determined by 

ultrasonography) had serological evidence of previous C. pneumoniae infection (i.e. 

raised IgG antibody levels), compared with 63% of controls matched by age, gender, 

ethnicity, time of recruitment and study centre.[16' There remained a twofold higher 

prevalence of carotid atherosclerosis in those with elevated anti-C. pneumoniae 

antibody titres even after adjustment for differences in blood pressure, prevalence of 

diabetes mellitus, cigarette smoking habit, serum low-density-lipoprotein 

&DL)-cholesterol concentration and level of education. The odds ratio for the 

association between raised titres and atherosclerosis was higher in younger patients 

(those aged 45-54 years) than that for those aged 55-64 years (odds ratio 3.5 versus 

1 S9). 

Clinically overt disease 

Wimmer et al. investigated anti-C. pneumoniae antibody titres in 58 consecutive 

patients with recent cerebrovascular disease (stroke or transient ischaemic event) and 52 

controls (matched for, age, gender and locality).["' Patients with a recent 

cerebrovascular event were more likely than the controls to have a positive IgA anti-C. 

pneumoniae antibody titre and evidence of C. pneumoniae-containing immune 

complexes (odds ratio 2), even after adjusting for age, gender, hypertension and history 

of migraine. This finding was corroborated by investigators in another study who 

showed that serological markers of both acute and chronic C. pneumoniae infection 

were significantly more prevalent in patients with strokes and transient cerebral 

ischaemia (n- l76), than in matched hospital controls (n- 15 1 8).[18' There were no 

differences between haemonhagic or infarction-related strokes with regard to the 

relationship with the serum markers nor was there any association between anti- 

C. pneumoniae seropositivity and serum lipid or fibrinogen concentration. 
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Does smoking confound the seroepidemiological data? 

Cigarette smoking renders individuals susceptible to respiratory infections and 

atherosclerotic diseases and could, therefore, be an important confounder in any link 

between C. pneumoniae and vascular disease. In support of this suggestion, an 

investigation of 365 patients with respiratory disease conducted by Hahn and 

Golubjatnikov showed a small, but significant, association between smoking and 

seroconversion to C. pneumoniae.['91 Individuals in this study were younger (mean age 

34 years) than in most other clinical studies on C. pneumoniae and CHD. In addition, all 

the patients studied had a current respiratory illness (whereas random or healthy 

controls were used in most other studies). Karvonen et al. assessed the relationship 

between smoking and C. pneumoniae seropositivity in a larger cohort of subjects 

(n=2346).'201 Overall, the prevalence of C. pneumoniae IgG seropositivity was 50% 

higher among 'ever-smokers' than among non-smokers. Seropositivity was also higher 

among males and younger patients. 

Most other studies have, however, shown that even after controlling for cigarette 

smoking (and other traditional risk factors), anti-C. pneumoniae antibody titre remains 

an independent risk factor for having evidence of CHD.[~.'" Even if smoking does 

expose the individual to chronic C. pneumoniae infection, this does not exclude the 

possibility that the microorganism is involved in the pathogenesis of atherosclerosis. It 

could even be that some of the harmful effects of cigarette smoking on the vasculature 

rely on the presence of chronic C. pneumoniae infection. 

Negative studies 

In contrast to many studies demonstrating a positive link between anti-C. pneumoniae 

antibodies and CHD, a few have shown no such association. 
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A case-control epidemiological study conducted in Israel demonstrated no significant 

difference in the prevalence of anti-C. pneumoniae seropositivity (anti-IgA or anti-IgG 

antibodies) in 302 patients with acute MI and 486 age- and sex-matched population 

contro~s.[~'~ (The investigators did, however, acknowledge that a possible recent 

outbreak of community-acquired C. pneumoniae infection could have obscured any 

association between C. pneurnoniae and CHD.) Similarly, Weiss et al. could 

demonstrate no correlation between IgG anti-C. pneumoniae antibody titres and CHD: 

no difference was found between antibody titres in a group of patients undergoing 

coronary atherectomy procedures (n-65) compared with asymptomatic controls 

(n-28).lU1 Finally, in a preliminary report, Altman et al. presented evidence, that a 

raised anti-C. pneumoniae antibody titre was not an independent predictor of further 

non-fatal vascular events in 159 patients with severe arterial disease.[231 However, the 

control group in this study comprised 203 patients with heart valve prostheses (but no 

arterial disease) rather than a conventional control group made up of subjects without 

evidence of cardiac disease. 

Strengths and limitations of serological data 

A review of the evibence linking the presence of anti-C. pneumoniae antibodies with 

and that of CHD found that most of the relevant studies found odds ratios of at least 2 or 

higher in favour of such an association (see Figure 6).Iz4] Indeed, some studies reported 

that odds ratios increased with the antibody titre. The studies were performed in various 

populations with different criteria being used to define cases and to adjust for potential 

confounders. In addition, some of the serological studies can be criticised with regards 

to the anti-C. pneumoniae titre cut-offs arbitrarily selected to indicate seropositivity, the 

types of controls used and the borderline statistical significances of many of the study 

results. Whether an elevated antibody titre is a reliable indicator of underlying 

C. pneumoniae infection, or simply a reflection of antigenic cross-reactivity, is also 

unclear.[251 Establishing the existence of a causal association between such 

C. pneumoniae infection and CHD is also hampered by the wide variation in antibody 
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responses to the organism, attributable to differences in the mode of infection or the 

original infective dose or any previous exposure. 

Despite these factors, findings have generally been consistent from study to study, 

suggesting the existence of a true association between C. pneumoniae and CHD. 

Direct examination of atheromatous plaques 

In addition to seroepidemiological data, evidence for an association between 

C. pneumoniae and atherosclerosis has come from tissue examination of arterial plaque 

material (see Table 7). 
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Coronary arteries at autopsy 

The presence of C. pneumoniae in atherosclerotic lesions was first reported by Shor et 

al. in South ~ f r i c a . ' ~ ~ '  These investigators examined autopsy coronary artery sections 

from patients dying of trauma. They demonstrated 'chlamydia-like' structures in seven 

out of seven specimens using electron microscopy; five of these samples were also 

positive by immunocytochemical staining for C. pneumoniae. An expanded study of 

autopsy cases (aged 20-83 years) also from South Africa, undertaken in collaboration 

with investigators in Seattle, USA, tested coronary plaque lesions for C. pneumoniae 

using both polymerase chain reaction (PCR) techniques and immunohistochernical 

analysis.[271 Of 36 subjects dying from non-cardiac causes, the organism was detected in 

20 (56%) using one or both methods. In six of 21 lesions, the typical pear-shaped 

C. pneumoniae organisms were demonstrable by electron microscopy (see Figure 7). 

Chlamydia pneumoniae was found only within sites of tissue damage, including the 

lipid-rich core of atheromatous plaques, smooth muscle cells and necrotic areas of the 

plaque; no organisms were detected in normal tissue adjacent to the sclerotic lesions nor 

in normal coronary arteries from I1 control patients. Post-humous testing (using 

microimmunofIuorescence techniques) of sera from 34 of the positive cases (i.e. 

patients with C. pneumoniae in autopsy plaque specimens) revealed that 26 had 

significantly raised IgG anti-C. pneumoniae antibody titres. Intriguingly, the organsim 

was also detected in plaques from six of eight antibody-negative cases, 14 of 20 with a 

low antibody titre (118-1132) and none of six with high titre (1164-11512). This lack of 

correlation between demonstrable C. pneumoniae organisms in tissue samples and 

antibody seropositivity has raised questions about the interpretation of sero- 

epidemiological data apparently linking C. pneumoniae and CHD. A possible 

explanation of these findings is that organisms lodged deep within well-developed 

atheromatous lesions might not continuously stimulate antibody production or, at least, 

antibody levels detectable by rnicroimmunofluorescence. 

These doubts are challenged by the work of Davidson et al.'"' These investigators 

tested for the presence of C. pneumoniae within autopsy coronary artery specimens 
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from 60 indigenous Alaskan natives (at low risk of CHD; mean age of 34.1 years) who 

had died primarily from non-cardiovascular causes, and compared such findings with 

titres of anti-C. pneumoniae antibodies, from sera from the same subjects drawn fiom a 

mean of 8.8 years before death. The coronary artery specimens were examined 

histologically and graded for atherosclerotic changes, and checked for the presence of 

C. pneumoniae using PCR and immunocytochemical techniques. Serological markers of 

infection were assessed using a microimmunofluorescence assay. Chlamydia 

pneumoniae was demonstrated positive by PCR or immunocytochemical staining in the 

coronary arteries of 22 of 60 (37%) subjects. The organism was frequently found within 

macrophage foam cells, and in specimens with raised fibrolipid plaques. Interestingly, 

the odds ratio for the presence of C. pneumoniae within a raised atheromatous plaque in 

patients with an IgG antibody 211256 more than 8 years earlier was 6.1 (95%CI 1.1- 

36.6), and for all coronary artery specimens after adjustment for confounding variables, 

9.4 (95%CI 2.6-33.8). The study provided the fxst evidence that infection with 

C. pneumoniae may precede or accompany early asymptomatic atheromatous lesions 

that harbour the intracellular pathogen in young adults. It has also been suggested there 

may be a 'dose-response' criterion of causality - with regard to both the grade of the 

atherosclerotic lesion and the height of a n t i 4  pneumoniae antibody titre: accordingly, 

greater serum levels of anti-C. pneumoniae antibody titres in CHD may prove to be a 

clearer indicator of the presence of endovascular infection. Further investigations are 

needed to help c o n f m  and defme the temporal sequence of events with regard to 

chronic C. pneumoniae infection, its potential interactions with conventional 

cardiovascular risk factors and the development of atherosclerosis. 

In vivo examination of coronary artherectomy samples 

Muhlestein et al. tested for the presence of Chlamydia species using direct 

immunofluorescence in plaque specimens from 90 patients undergoing coronary 

atherectomy for s-ymptomatic angina.["] Twenty-four autopsy control specimens fiom 

patients without atherosclerosis were also examined. A markedly higher proportion of 

the atheromatous tissue specimens from the patients with CHD were positive for 
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Chlamydia species when compared with those from controls (79% versus 4%; 

p<0.001). Transmission electron microscopy c o n f i e d  the presence of the organism in 

three of five positive specimens. Although the presence of a primary non-restenotic 

lesion predicted the presence of Chlamydia, clinical factors did not. 

Chlamydia pneumoniae has also been demonstrated in atherectomy specimens from 

patients with anginaPo1 and in atheromatous arteries of patients with other vascular 

For example, C. pneumoniae DNA was detected in aortic plaque tissue 

from 26 of 51 patients undergoing abdominal aortic aneurysm surgery.[341 Nearly 90% 

(23 of 26) of the positive cases had serological evidence of past C. pneumoniae 

infection, two had an acute 'reinfection pattern' and only one was seronegative. By 

contrast, only nine of 25 patients with plaques negative for C. pneumoniae on PCR 

testing had serology consistent with chronic C. pneumoniae infection (px0.01). Juvonen 

et al. have corroborated these frndings and found evidence of chlamydia1 LPS and 

antigens in abdominal aortic aneurysms but not in control samples from healthy aortic 
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Figure 7: Transmission electron micrograph of endosomes in foam cell with 

elementary bodies of C. pneumoniae 

Bar = 0.5pm; N = nucleus, FC = foam cell. Arrows in inset point to elementary bodies. 

(Reproduced from Kuo CC, Shor A, Campbell LA et al. Demonstration of Chlamydia 

pneumoniae in atherosclerotic lesions of coronary arteries. J Infect Dis 1993; 167: 

841-9, with permission of University of Chicago Press.) 
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Meta-analysis data and potential implications of plaque studies 

Since the original observations reported in 1 9 9 2 : ~ ~ ~  over 20 published studies have now 

found evidence of C. pneumoniae organisms in atherosclerotic vessels. By contrast, the 

organism has been identified only rarely in 'healthy' control arteries.[317361 

In a meta-analysis of 13 studies that sought C. pneumoniae in human pathology 

samples,[241 evidence of the organism within endovascular tissue (defmed by the 

presence of chlamydia1 DNA, antigens or elementary bodies) was found in 52% (257 of 

495) of atheromatous lesions. This compared with only 5% (6 of 118) of control non- 

atheromatous arteries (odds ratio 10 [95% CI 5-22]). The difficulty in finding arterial 

samples that are completely atheroma-fiee in older individuals has meant few of these 

studies have sampled tissue from age- and gender-matched controls. Nevertheless, only 

a minority of studies have not found any evidence of C. pneumoniae in atherosclerotic 

vessels.[221379381 The organism has even been found in early arterial lesions in 

teenagers.[''] 

The fmdings of the plaque studies (in tandem with the seroepidemiological data) provide 

strong circumstantial evidence that C. pneumoniae could be involved in the 

pathogenesis of atherosclerosis. However, since C. pneumoniae is a ubiquitous organism 

and has been identified in non-vascular, non-respiratory sites (such as stenosed aortic 

hepatic vessels[311 and spleen['']) it has been suggested that it is merely an 

'innocent bystander' in inflamed arterial tissue. Somewhat against this idea, however, a 

recent autopsy study has shown a higher prevalence of C. pneumoniae-positive samples 

in the cardiovascular tissue of patients who had died of CHD than in patients who had 

died of non-cardiac causes (64% versus 3 ~ % ) . [ ~ ~ ]  
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Culture of C. pneumoniae from atheroma 

Chlamydia pneumoniae organisms have been success~lly isolated from atheromatous 

vessels and then cultured in vitro. A single viable strain of C. pneumoniae was isolated 

from a diseased coronary artery of one patient undergoing cardiac transplantation[431 and 

from a carotid endarterectomy specimen taken from another.[441 The rarity of such 

isolation in comparison to the much higher rates of detection of C. pneumoniae antigen 

and DNA by immunocytochemical (ICC) and PCR techniques is similar to the position 

with other chronic chlamydia1 infections. For instance, in trachoma and pelvic 

inflammatory disease, C. trachomatis antigen or DNA may be demonstrated in a high 

proportion of affected tissue samples, while the viable organism itself is rarely isolated 

(perhaps suggesting that such organisms may persist in the host in a viable but non- 

replicative state). 

In one study, Maass et al. cultured replicating C. pneumoniae from 11 of 70 (16%) 

atherosclerotic samples obtained during myocardial revascularisation (i.e. restenotic 

bypass segments and coronary endarterectomy samples).[451 A higher proportion of the 

samples (21 out of 70; 30%) were PCR-positive for C. pneumoniae. No positive results 

were obtained from 17 control samples that had no macroscopic features of 

atherosclerosis. Of additional interest, neither anti-C. pneumoniae serology nor clinical 

characteristics helped in identifying those patients with endovascular C. pneumoniae 

infection. Only six out of 21 patients with C. pneumoniae in plaque tissue also had 

elevated anti-C. pneumoniae antibody titres; by contrast, such elevated titres were seen 

in six patients without detectable C. pneumoniae organisms. 

The distribution of C. pneumoniae in the coronary arteries is thought to be highly 

heterogenous: this could explain the difficulty in culturing the organism from 

atheromatous plaques. The small amounts of tissue samples generally available for 

testing and the effects of freeze-storage procedures on C. pneumoniae may have also 

hampered attempts to isolate the organism. 
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Nevertheless, evidence that a significant proportion of coronary arteries occluded by 

atheroma may harbour viable C. pneumoniae favours a pathogenetic role for such 

infection in atherogenesis and argues against a purely commensal or 'bystander' 

presence of replicative organisms. 

Evidence from peripheral blood PCR studies 

Attempts to establish whether C. pneumoniae has a causal role in atherosclerosis and 

CHD have been hampered by diagnostic difficulties. There is no doubt that the 

organism can be often found in blood vessels, where its exact role remains unclear. 

Unfortunately, no simple, reliable test is available for identifying people with vascular 

C. pneumoniae infection. And there are legitimate concerns that serological tests may 

be unreliable markers of chronic C. pneumoniae infection. For example, in some 

investigations, it has become clear that a chronic C. pneumoniae infection may occur in 

the absence of any related continuing antibody response, In light of these diagnostic 

problems, it is interesting that promising preliminary reports show that PCR techniques 

may offer a way of detecting C. pneumoniae DNA in the peripheral circulation. For 

instance, Naidu et al. were able to demonstrate such DNA in the sera of a large 

proportion of subjects with either acute MI or chronic CHD, and much more frequently 

than in sera from age- and gender-matched controls without CHD.[~~]  Interestingly, C. 

pneumoniae DNA positivity was most prevalent among those who had C. pneumoniae 

antibody titres of 21/32. These findings (which need confirmation) suggest that DNA 

might be liberated continuously or intermittently from degenerating C. pneumoniae 

organisms in vessels or elsewhere. 

Since C. pneumoniae may be carried in human monocytes, these cells may provide a 

method of diagnosing such infection. In the comparable case of active Mycobacterium 

tuberculosis infection, Condos et al. showed that peripheral blood-based PCR detection 

was a technically feasible approach not only for diagnosing pulmonary tuberculosis 

infection but also for monitoring the efficacy of therapy.[471 This diagnostic approach 

has now been tested in patients with CHD who have presumed C. pneumoniae 
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infection. Using a validated nested PCR method to detect the presence of C. 

pneumoniae DNA within peripheral monocytes, Boman et al. investigated 103 patients 

undergoing coronary angiography for suspected CHD and 52 (presumed healthy) blood 

donors.['*] Fifty-nine percent of the patients with CHD were PCR-positive to 

C. pneumoniae, but somewhat surprisingly, so were 46% of the (unmatched) controls. 

The high degree of positivity in both populations, contrasts with the much lower rates 

reported by Wong et a~.[ '~] In their investigation, 48 of 621 (7.7%) males with CHD had 

monocytes positive for C. pneumoniae compared with only 3 of 121 (2.5%) without 

CHD (odds ratio (OR) 3.29 [95% CI 1.01-10.76, p=0.04]). 

Further studies are attempting to refme the blood-based PCR technique, and with the 

aim of ultimately providing a validated means of identifying carriers of C. pneumoniae. 

Whether such a test could supersede the microimmunofluorescence assay and other 

serological tests remains to be seen. 

Animal models 

Chlamydia pneumoniae is transmitted from person to person; no animal reservoir for 

human infection has been identified.[''] However, chlamydia1 strains closely related to 

C. pneumoniae have been found in animals, and in the laboratory, contact animals have 

been shown to be susceptible to experimentally induced infection with 

C. pneumoniae.[5'*521 The potential for an interaction between C. pneumoniae, the host 

immune system and subsequent tissue damage in chronic diseases, in particular 

atherosclerosis, has, therefore, been studied using animal models. 

Evidence of systemic spread and persistent infection 

In various studies, different monkey species (including baboons, Rhesus and 

cynomolgus monkeys) were infected deliberately by C. pneumoniae (strain TWAR) 

using a number of challenge routes.[539541 No signs of clinical disease were noted post- 

inoculation, although C. pneumoniae could be recovered from the nasopharynx of the 

animals. In the cynomolgus monkey, the organism persisted for a prolonged period and 
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was demonstrated in rectal swabs after intranasal inoculation, suggesting systemic 

spread of the microorganism had occurred.P41 

Experimental mouse models have been developed to elucidate further the natural history 

and immunopathogenesis of C. pneumoniae Finnish investigators have 

shown that after intranasal inoculation of such animals with C. pneumoniae, the 

microorganism can be isolated from lung tissue for more than 2 weeks after initial 

challenge.[s61 In the mouse model of Yang et al., deliberate primary infection with 

C. pneumoniae induced an acute pneumonia - with infiltration of polymorphonuclear 

leucocytes and exudate in lung alveoli and bronchi - followed by a monocytic 

infiltrate.["] Long after initial infection, the organism may remain in a 'latent' stage and 

be reactivated in states of immunosuppression (e.g. following steroid 

Intranasal inoculation of mice with C. pneumoniae has also shown that the organism 

can spread systemically to, for example, lymph nodes, the spleen and the lung. The 

most plausible method of spread is via infected m a ~ r o ~ h a ~ e s . [ ~ ' ]  

Deliberate repeated infection of New Zealand White rabbits with C. pneumoniae leads 

to respiratory disease and granuloma formation, which resembles that seen in human 

~arcoidosis.[''~ In addition, C. pneumoniae may spread systemically and has been 

isolated by PCR from splenic tissue and peripheral blood mononuclear cells.[621 

Chlamydia pneumoniae-induced atherosclerosis 

In one study, multiple intranasal inoculations of apolipoprotein E apoE-deficient mice 

(which spontaneously develop atherosclerosis) with C pneumoniae resulted in the 

microorganism being subsequently detectable within atherosclerotic areas of the aortas 

of 15-100% of mice:"] Subsequently, Fong et al. showed that six New Zealand White 

rabbits infected deliberately with C. pneumoniae developed pneumonia, and two of the 

animals also developed fatty streaks and grade 111 atherosclerotic lesions in the aorta, 

1-2 weeks after infe~tion."~] In other experiments, Laitinen et al. inoculated rabbits 

intranasally with C. pneumoniae.[6s1 No atherosclerotic changes were detected in 
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animals after a single infection. However, following deliberate reinfection with 

C. pneumoniae, six of nine animals developed inflammatory changes, intimal thickening 

and fibroid plaques resembling atherosclerosis in their aortas. Irnmunohistochemical 

tests for C. pneumoniae antigen were positive in all of these animals. A series of control 

animals had no signs of atherosclerosis. 

In the largest animal study to date, New Zealand White rabbits received repeated 

intranasal inoculations of either C. pneumoniae (n=20) or saline control (n=10), at 3- 

week intervals, and were fed a diet supplemented with cholesterol.[661 After the final 

inoculation, infected and control rabbits were randomised to a 7-week course of the 

antibiotic azithromycin or to no therapy. At 3 months, the animals were sacrificed and 

sections of their aortas examined for intimal thickening and checked for the presence of 

C. pneumoniae using immunofluorescence technique. The results showed that intimal 

thickening was most marked in the infected animals compared with control animals 

(0.55 mrn versus 0.16 mm; p<0.025) but that such changes did not occur in infected 

animals given azithromycin. Chlamydia pneumoniae antigen was detected in two 

untreated, and three treated animals, but was not detected in any of the control animals 

(see Figure 8). 
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Figure 8: Photomicrographs of representative aortic sections from animals in the 

infectedbtreated group (A); control (uninfecteduntreated) (B); and infectedtreated 

(C). Haematoxylin and eosin-stained section, original magnification xlOO. 

(Reproduced from Muhlestein JB, Anderson L, Hammon EH et al. Infection with 

Chlamydia pneumoniae accelerates the development of atherosclerosis and treatment 

with azithromycin prevents it in a rabbit model. Circulation 1998; 97: 633-6, with 

permission.) 

Implications of preliminary animal model studies 

The animal models reported to date, although based on small numbers, suggest that C. 

pneumoniae infection may be capable of initiating atheromatous and that 

azithromycin can limit the atherogenic effects of such infection.[661 The extent to which 

atherosclerosis has developed or been accelerated in such animals has varied, suggesting 

differences in the ease of establishing persistent C. pneumoniae infection or in the host 

response to such infection. Infection-related atherosclerosis in the models may occur in 

the absence of detectable local chlamydia1 antigen, and antibiotic therapy may not 

immediately eliminate such antigen. Furthermore, the contributory effect (if any) of a 

cholesterol-rich diet is unclear, the optimal antibiotic dosage to prevent atherosclerosisis 
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is not known and, of course, animal models of atherosclerosis may not mirror human 

atherogenesis. Nevertheless, these early experimental animal models support the notion 

of a causal relationship between C. pneumoniae and atherogenesis. 

What about Koch's postulates? 

Conventionally, for an infective agent to be established as a direct cause of CHD, it 

would need to satisfy Koch's postulates.[671 This would mean that: the microorganism, 

would be present in all, or nearly all, cases of the disease; inoculations of its pure 

cultures would produce disease (for example, when injected into susceptible animals); 

the microorganism would be obtainable from these diseased states; and it could then be 

propagated in pure culture. So far the fust - and, possibly, the second - of these 

postulates appear to be hlfilled with respect to C. pneumoniae in CHD. However, some 

workers have argued that Koch's postulates may lack sufficient sensitivity to be used for 

dismissing the possibility of a causal link between an infectious agent and a given 

disease.[681 Indeed, it is worth remembering that H. pylori does not satisfy the 

requirements of Koch's postulates for a causative organism for duodenal 

Summary 

Several lines of evidence suggest there is a consistent, independent association between 

the presence of chronic vascular C. pneumoniae infection and that of atherosclerotic 

disease, in particular CHD. Anti-C. pneumoniae antibody titres tend to be higher in 

patients with CHD than in controls free of such disease, and a raised titre appears to be a 

risk factor for developing future cardiovascular events. Furthermore, direct examination 

of coronary arteries frequently reveals evidence of C. pneumoniae organisms or antigens 

within atheromatous plaques, but rarely within normal tissue close to such lesions or in 

normal coronary arteries. The organism is more likely to be found in vascular tissue 

from people who die from CHD than in that from those who die of other (non-cardiac) 

causes. Limited evidence also suggests that infection may precede or accompany (rather 
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than follow) the early development of atherosclerostic lesions. Despite major 

methodological difficulties, C. pneumoniae has been isolated and cultured from 

atherosclerotic lesions and deliberate infection can induce the development of such 

lesions in certain animal models. 

These data provide substantial circumstantial evidence that C. pneumoniae may 

contribute to atherogenesis. The next chapter considers mechanisms by which the 

organism might exert such an effect. 
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Chapter 5: Association of Chlamydia 
pneumoniae with atherosclerosis: 
Potential pathogenetic mechanisms 

Introduction 

How Chlamydia pneumoniae enters atheromatous plaques and whether or not it can 

cause or contribute to, atherogenesis are not entirely clear. Also, the mounting clinical 

data suggesting C.  pneumoniae may have a direct role in atherosclerosis remain largely 

indirect and do not indicate a particular process by which the organism might exert its 

effects. This chapter aims to discuss some plausible pathogenetic mechanisms. 

Chlamydia pneumoniae transfer within monocyte/macrophage cycle 

The presence of C. pneumoniae within coronary atheroma suggests that this respiratory 

pathogen must be conveyed from the lung to cardiac tissue before infection of the 

cellular components of the coronary arteries can occur.['' One possibility is that 

C.  pneumoniae gains entry to the bloodstream via the macrophage/monocyte system. 

The organism's ability to multiply in mononuclear cells, particularly alveolar 

m a ~ r o ~ h a ~ e s [ ~ ' ,  could ensure transfer from the pulmonary vasculature into the 

circulation and, thereby, allow systemic dissemination. In support of these ideas, 

C. pneumoniae has been found in various sites in humans including atherosclerotic 

plaques,[s51 in the spleen and lymph and in cerebrospinal[*' and synovial 

fluid.19' Circumstantial evidence that such dissemination might result in local infection 

of coronary arteries has been provided by Gaydos et al."O1 These workers showed that 

strains of C. pneumoniae could replicate within a cell line of macrophages, human 

aorta-derived endothelial cells and smooth muscle cells. However, whether or not 

continuous replication of the organism actually occurs in vivo in such cells is not clear. 
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Persistent pharyngeal carriage of C. pneumoniae in patients with 

CHD 

Most infections caused by C. pneumoniae are asymptomatic. Gabriel et al. have 

investigated whether patients with coronary heart disease (CHD) have a greater 

prevalence of C. pneumoniae pharyngeal infection (as detected by polymerase chain 

reaction [PCR]) in the pharynx.[111 They investigated 280 patients with acute and 

chronic CHD and 102 controls (unmatched for gender and age) without CHD for 

evidence of C. pneumoniae on PCR analysis of pharyngeal specimens and for the 

presence and of serum anti-C. pneumoniae antibodies. Both the prevalence of PCR- 

positive specimens and anti-C. pneumoniae antibodies (IgG 2115 12) were significantly 

greater in patients with CHD compared with the controls (36% versus 22%; p<0.05; 

39% versus 26%; ~ ~ 0 . 0 5 ) .  

The combined finding of a positive PCR result and elevated serum anti-C. pneumoniae 

antibodies (although not indicative of the presence of viable organisms) strongly 

suggests ongoing chronic infection. It is postulated that persistent pharyngeal carriage in 

susceptible subjects could be the source of intermittent dissemination of the organism 

and help maintain an elevated antibody and general inflammatory response. 

Chlamydia pneumoniae-mediated damage in atherogenesis 

Foam cell development 

A preliminary in vitro investigation has shown that C. pneumoniae can induce directly 

the development of foam cells, the lipid-laden macrophages present in the early fatty 

streak lesion of atherosclerosis.[121 In this study, Kalayoglu et al. showed that 

C. pneumoniae infection of human monocyte-derived macrophages, followed by 

exposure to low-density lipoprotein &DL)-cholesterol, resulted in marked increase in 
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foam cell formation with accompanying intracellular accumulation of cholesteryl esters. 

The addition of heparin (which blocks binding of LDL to the LDL receptor) inhibited 

foam cell development: this suggests that C. pneumoniae may be acting by blocking 

native LDL uptake or metabolism. Interestingly, incubation of macrophages with high 

levels of E. coli LPS induces development of foam cells via similar  mechanism^."^^ It is 

possible that C. pneumoniae also modulates macrophage function through its LPS 

antigen. 

The consequences of the uptake of C. pneumoniae by macrophages and the mechanisms 

by which the organism might damage the coronary artery are unclear. The organism 

may simply reside in the macrophage without causing harmful effects and any 

association with CHD may be purely coincidental,['] or due to confounding factors. 

Alternatively, chronic macrophage infection may contribute directly to local 

inflammation, development of atheromatous plaques and plaque instability, leading to 

acute coronary events.[14] For instance, C. pneumoniae infection may induce chronic 

immune activation (mediated by cytokines such as interleukin-I, interleukin-6 and 

tissue necrosis factor-alpha[15]) that contributes to direct chronic endothelial cell damage 

or stimulates the synthesis of acute phase proteins, such as fibrinogen[16] and C-reactive 

protein.'171 

Hypersensitivity and analogies with trachoma 

In trachoma, Chlamydia trachomatis (an organism closely related to C. pneumoniae) 

causes blindness as a result of fibrosis and scarring that follows conjunctival infiltration 

by macrophages and lymphocytes.[181 In some people, such fibrosis develops many 

years after the original infection and may represent a hypersensitivity reaction rather 

than a direct effect of the organism itself. The effect of C. pneumoniae in 

atherosclerosis may be analogous to trachoma formation, with acute infection and 

inflammation in the early phases, leading to scarring in later life, in predisposed 

individuals. Kuo et al. found that the chance of identifying C. pneumoniae within 

coronary artery atherosclerotic lesions from autopsy specimens was related inversely to 
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serum anti-C. pneumoniae antibody titre, providing indirect evidence that 

hypersensitivity to C. pneumoniae may play a role in ather~~enesis.[~] However, these 

findings were based on a small number of specimens and the antibody titres from 

haemolysed sera were difficult to evaluate. Furthermore, a more recent study using 

similar diagnostic techniques, demonstrated C. pneumoniae organisms within coronary 

atherectomy specimens from patients with angina, and found no evidence of an inverse 

relationship between the likelihood of detecting the organism and the height of the anti- 

C. pneumoniae antibody titre.[lgl Similarly, Chiu et al. showed no correlation between 

the presence of C. pneumoniae (or cytomegalovirus [CMV]) within carotid atheroma 

and serum antibody tit re^.'^" The conflicting findings again emphasise the difficulty in 

defining the true relationship between a chronic C. pneumoniae infection and the anti-C. 

pneumoniae serum antibody level (see Chapter 4). 

Potential role of heat shock proteins 

Expression of heat shock proteins (HSPs) increases during a variety of conditions (such 

as heat, nutrient deprivation, infections and inflammatory  reaction^).'^'] Atheromatous 

vessels contain endogenous human HSP 6 0 ~ ~ ~ ~  and when this protein is expressed by 

endothelial cells, it can provoke an autoimmune reaction with development of anti-HSP 

60 antibodies that lead to endothelial cell damage.12)] 

Of interest, a 60 kDa chlamydia1 HSP has been identified (HSP 60).[*~' This protein has 

close homology with human HSP (which is associated with atherosclerosis[251). Usually 

during an infective cycle, chlamydia1 organisms express basal levels of two major 

antigens: the major outer membrane protein (MOMP) and the HSP 60. Under certain 

conditions, the organisms can achieve a state of intracellular, chronic infection in which 

they remain viable but metabolically quiescent and do not replicate.[261 In such 

circumstances, HSP 60 production increases substantially, whereas MOMP becomes 

undetectable. 
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Kol et a~.[~']  have demonstrated that chlamydia HSP 60 co-localises with its homologue, 

human HSP 60 within atherosclerotic plaque macrophages. Furthermore, in vitro, both 

human HSP 60 and chlamydia1 HSP 60 each stimulate enhanced production of TNF-a 

(a pro-inflammatory cytokine) and matrix metalloproteinase-9 (an enzyme that could 

degrade c o ~ e c t i v e  tissue) by mouse macrophages. On the basis of these results, it has 

been proposed that macrophages harbouring C. pneumoniae infection may trigger these 

processes and thus promote atherogenesis and precipitate acute coronary events. 

Procoagulant effects 

Since anti-C. pneumoniae antibody titres show a weak correlation with concentrations 

of important procoagulants such as plasma fibrinogen and factor V I I ~ , [ ~ ~ ]  it is possible 

that chronic infection with this microorganism produces a hypercoaguable state with 

increased risk of coronary thrombosis. This state could be caused by the monocyte- 

derived procoagulant, tissue factor.["] 

Possible interaction of C. pneumoniae and classical C H D  risk factors 

The relationship between C. pneumoniae infection and established cardiac risk factors 

could have a crucial bearing on any direct role the organism has in CHD, or could 

confound any apparent association between the presence of the organism and CHD. It is 

intriguing, therefore, that C. pneumoniae infection is more common in males[301 and that 

elevated antibodies to C. pneumoniae have been associated with hypertension,P11 an 

atherogenic lipid profile[321 and smoking.[331 It is possible that only a subgroup of the 

population with certain HLA haplotypes are susceptible to C. pneumoniae infection and 

subsequent development of atherosclerotic disease: this could account for the absence of 

such disease in only certain individuals exposed to the putative pro-atherogenic 

pathogen.r341 In support of this notion, a combination of male sex, HLA DR I1 genotype 

13a or 17, elevated levels of lipoprotein (a) and raised anti-IgG C. pneumoniae antibody 

titres (>1/256) have been associated strongly with CHD.[)'] Finally, a correlation has 
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also been found between C. pneumoniae and elevated levels of fibrinogenr361 and 

C-reactive protein (CRP), in patients with CHD.['~] 

Chlamydia pneumoniae and hypertension 

In a case-control study, serum antibodies against C. pneumoniae were measured in 13 1 

patients with chronic hypertension and a similar number of controls (matched for age, 

gender, ethnicity and smoking status) without evidence of cardio-pulmonary disease.[311 

Anti-C. pneumoniae antibody titres suggestive of chronic infection (defined as IgG 

1164-11256 or IgA 2118, but IgM 5118 and no rise in IgG) were more prevalent among 

hypertensive patients, compared with controls (33% versus 17%, p-0.002). On the basis 

of these findings, the investigators proposed that a chronic C. pneumoniae infection 

might interact with hypertension in promoting development or progression of 

atherosclerotic vascular disease in hypertensive patients. Such findings have yet to be 

reproduced in a larger cohort of patients. 

Chlamydia pneumoniae and blood lipids 

Acute microbial infections can alter lipid metabolism in both experimental animals and 

 human^"^.^^' and it is possible that C. pneumoniae contributes to atherosclerosis by 

interacting with serum lipids. Indirect evidence to suggest this comes from cross- 

sectional study showing a significant association between the presence of IgG anti- 

C. pneumoniae antibodies, elevated triglycerides and reduced high-density-lipoprotein 

(HDL)-cholesterol levels in a male population in Northern  inland.[^^^ An extension of 

this investigation showed that males with a chronic elevation in anti-C. pneumoniae 

antibody titres in serum samples taken 3 years apart (a possible marker of chronic 

infection) had significantly higher levels of serum total cholesterol and triglycerides, 

and lower HDL-cholesterol levels compared with males without anti-C. pneumoniae 

antibodies.r321 A potential limitation of the study was that incomplete adjustments were 

made for potentially confounding determinants of a raised serum cholesterol level. 
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The LPS of Gram-negative bacteria may alter lipid metabolism,[401 perhaps via 

induction of cytokines such as IL-1 and T N F - ~ . ~ ~ ' ~  Although chlamydial LPS may be of 

lower virulence than that of enterobacterial organisms,["' it can induce such cytokine 

production in blood mononuclear cells in vitro.[l5] Furthermore, macrophages in 

atherosclerotic lesions frequently show positive staining with a monoclonal antibody 

directed against chlamydial L P S . [ ' ~ , ~ ~ ]  It may well be that continuous low-level 

production of TNFIIL-1 accompanies the persistence of C. pneumoniae particles within 

these cells. This cytokine generation might, in turn, be contributing to an altered, more 

atherogenic lipid profile. 

Chlamydia pneumoniae and fibrinogen 

An increased fibrinogen level is both a risk factor for the development of C H D ' ~ ~ ]  and, 

like C-reactive protein, a predictor of adverse outcome in unstable angina.[451 

Interestingly, one study found an association between raised fibrinogen levels and 

elevated anti-C. pneumoniae IgG antibody titres in men without a history of CHD.['~] 

Subsequently, a similar association was found between fibrinogen levels and elevated 

IgA anti-C. pneumoniae antibody titres, in individuals with established CHD.[~~]  Such 

correlations suggest that a pathogenetic link between chronic C. pneumoniae infection 

and acute and chronic CHD might involve increased activity of thrombotic and 

inflammatory processes. 

Chlamydia pneumoniae and 'the metabolic syndrome' 

Chlamydia pneumoniae may promote the effect of the 'metabolic syndrome' 

(comprising raised body mass index, diabetes mellitus, hypertension and a low HDL- 

cholesterol level). In one study, patients with serological markers suggesting a chronic 

C. pneumoniae infection plus two or more of determinants of this syndrome were at 

higher risk of having CHD than were those without such a combination of factors (M 

Leinonen et al., personal communication). These preliminary findings need further 

confirmation. 
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Figure 9: Chlamydia pneumoniae in atherothrombosis: Possible mechanisms of 
damage 

C-reactive protein 
neopterfn 
fibrinogen 

TF 

CDllb C 

Smooth muscle cells 
ATHEROMATOUS PLAQUE 

A respiratory infection leading to C. pneumoniae (CP) being taken up into the systemic 

monocyte, to be transported to the coronary circulation. Monocyte activation leading to 

secretion of cytokines and acute phase proteins, expression of adhesion molecules and 

up-regulation of tissue factor (TF). The processes either acting independently or 

interacting to enhance the inflammatory response and perpetuate atherothrombosis. 

(Reproduced from Gupta S, Camm AJ. Is there an infective aetiology to 

atherosclerosis? Drugs Aging 1998; 13: 1-7, with permission). 

Summary 
There are several suggested mechanisms to explain the association between C. 

pneumoniae and atherosclerosis. Monocytes and macrophages may carry the organism 

from the respiratory tract to the coronary arteries. Subsequent direct endothelial damage 

caused by a chronic infection of the endothelium (which may be dysfunctional as a 

result of exposure to toxins derived from cigarette smoking, or to raised serum 
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cholesterol levels) in a genetically predisposed individual may lead to the formation and 

progression of atherosclerotic lesions. Alternatively, C. pneumoniae-infected 

macrophages arriving at already formed plaque lesions may become 'activated' to 

perpetuate various inflammatory and procoagulant processes that are central in 

atherothrombosis (see Figure 9). Subsequent plaque instability may lead to adverse 

cardiovascular events. 

Despite their plausibility (and some supportive evidence), these notions remain largely 

speculative. Since the proposed mechanisms depend on the existence and active 

participation of chronic C. pneumoniae infection, it would seem reasonable to postulate 

that antibiotic-mediated eradication of such infection might improve clinical outcome 

with regard to CHD progression and complications. The next chapter reviews attempts 

that have been made to test this hypothesis. 
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Chapter 6: Clinical antibiotic trials in 
coronary heart disease 

Introduction 
As described in earlier chapters, mounting evidence suggests that Chlamydia 

pneumoniae may have a role in the development and/or progression of atherosclerosis 

and coronary heart disease (CHD). The data suggesting that C. pneumoniae are a 

potential causative agent in this setting far exceeds that for other proposed infectious 

agents, and is based on the findings of seroepidemiological studies, direct examination 

of atheromatous plaque specimens, in vitro experiments and animal models. A further 

important line of evidence has been the results of preliminary anti-chlamydia1 antibiotic 

intervention, studies in CHD.['*~] This chapter focuses on the potential role of such 

antimicrobial therapy in the secondary prevention of CHD. The findings of preliminary 

pilot studies are reviewed, as are the aims and controversies surrounding subsequent 

large-scale, prospective intervention trials now in progress. 

The choice of macrolide therapy in intervention trials 
The first two pilot intervention trials in CHD used macrolide antibiotics, namely 

azithromycin['] and ro~ithrom~cin.[~'  Furthermore, the ongoing large-scale prospective 

trials are using azithromycin in the treatment arm of the studies. The reasons for 

choosing azithromycin as the trial antibiotic in this setting merit discussion. 

Azithromycin is the first azalide, a new class of macrolide antibiotics. It has a 

distinctive pharmacokinetic profile. For example, after dosing, there is extensive 

absorption and distribution of the drug, such that tissue concentrations may be 10-100 

times serum levels (see Figure 10).'~] Also, although plasma clearance of the drug is 

rapid, release from tissues is slow and the drug's serum half-life is long (68 hours). 
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Furthermore, the unchanged drug can be detected in the urine for up to 14 days after a 

single dose. Azithromycin is actively and avidly taken up by macrophages and 

polymorphonuclear neutrophils and transported to sites of infection. Again, its release 

from tissues is very slow. Evidence for this comes from a study in which patients 

undergoing bronchoscopy took a single oral 500mg dose of azithromycin; the drug was 

subsequently detectable in sputum, bronchial mucosa, epithelial lining fluid and 

alveolar macrophages up to 96 hours later.''' (See Figure 1 1 .) 

Azithromycin's extensive tissue penetration and high intracellular concentrations 

suggest that it might be useful treatment in infections caused by sensitive intracellular 

pathogens, such as Chlamydiae, Azithromycin has been shown to be highly effective 

against C. pneumoniae, in both in vitro and clinical studies,[51 and has an excellent 

tolerability record. The convenient short-course regimen of 500mg once daily for 3 days 

facilitates adherence to therapy. In addition, the experience of safe, long-term usage of 

azithromycin is vast, especially in the prophylactic treatment of disseminated 

Mycobacterium avium complex disease in HIV-infected patients, who are often given 

therapy for as long as 2 years.[61 

In summary, the favourable therapeutic properties of azithromycin include its 

availability in a short-course regimen, the sustained intra-macrophage concentrations 

associated with its use, the drug's potency against C. pneumoniae and its excellent 

tolerability. These characteristics make it a particularly suitable choice of antibiotic in 

intervention trials in patients with CHD. 
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Figure 10: High azithromycin concentration within macrophages 

12 24 48 72 96 
tlme after administration (hours) 

Mean azithromycin concentration following administration of a single 500mg oral dose 

to patients undergoing bronchoscopy. ELF - epithelial lining fluid. (Adapted from 

Baldwin DR, Wise R, Andrew JM et al. Azithromycin concentrations at the sites of 

pulmonary infection. Eur Resp J 1990; 3: 886-90, with permission.) 
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Figure 11: High azithromycin penetration and concentration within tissues 

0 1 2 . 3 4 5 6 7 8  
~ i n l e  (days after first dose) 

Mean tissue concentration of azithromycin after administration of a single 500mg dose. 

L - lung; P = prostate; S - serum; T - tonsil. (Adapted from Foulds G, Shepard RM, 

Johnson RB et al. The pharmacokinetics of azithromycin in human serum and tissue. J 

Antimicrob Chemother 1990; 25 (Suppl A): 73-82, with permission.) 

Pilot antibiotic studies 

St George's study: azithromycin in male survivors of MI 

In a randomised, placebo-controlled study, azithromycin (500mg once daily for 3 or 6 

days) was given to a series of male survivors of myocardinal infarction (MI) with stable 

elevated anti-C. pneumoniae antibody titres (i.e. two raised IgG titres of 21/64, taken 3 

months apart).17] The primary hypothesis under test was that C. pneumoniae infection 

may have a pathogenetic role in atherogenesis via enhanced activation of serum and 
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monocyte markers. A reduction in the levels of such activation markers following 

treatment with an anti-chlamydia1 antibiotic could provide indirect evidence that 

C. pneumoniae does indeed act through such a mechanism. The study also assessed 

whether an elevated anti-C. pneumoniae antibody titre predicted further adverse 

cardiovascular events (at a mean follow-up of 18 months), in a consecutive series of 

220 males who had had an MI (from whom the antibiotic intervention trial participants 

were drawn).['] The incidence of future cardiovascular events in the subgroup of 

patients with elevated titres who were randomised (in a double-blind fashion) to 

azithromycin or placebo was also observed. 

By 6 months in the antibiotic intervention trial, the anti-C. pneumoniae antibody titre 

had fallen from 21/64 to ~ 1 1 1 6  in 43% (17140) of patients who received azithromycin 

compared with only 10% (2120) of patients taking placebo (p-0.02). Subjects receiving 

azithromycin had a significant fall in levels of certain serum and monocyte activation 

markers (monocyte integrins CD 1 1 b/CD 1 lc, fibrinogen and leucocyte count; p<0.05).[71 

These findings help support the hypothesis that C. pneumoniae contributes to the 

progression of atherosclerosis via up-regulation of inflammatory markers. 

The study also showed that the higher the baseline anti-C. pneumoniae antibody titre, 

the greater the risk of experiencing an adverse cardiovascular event, an association 

which persisted following correction for potential confounding variables. (See Tables 8 

and 9.) 

There was a fourfold higher risk of experiencing adverse cardiovascular events among 

the group with elevated C. pneumoniae titres compared with the group with negative 

serology (odds ratio 4.2 195% CI 1.2-15.5; ~-0.031). For the high-titre group receiving 

antibiotic therapy, the adjusted odds ratio was 0.9 (0.2-4.6; p-ns). 
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The study fmdings suggest that anti-C. pneumoniae antibody titre may help predict the 

risk of further cardiovascular events in male survivors of MI, and that azithromycin 

might reduce this risk. The trial results do not, however, help to distinguish conclusively 

between an anti-C. pneumoniae effect of azithromycin, or an non-antimicrobial effect 

(such as anti-inflammatory actions). Nevertheless, it is interesting to note that a greater 

proportion of patients receiving azithromycin had a fall in their anti-C. pneurnoniae 

antibody titres at 6 months than those assigned to placebo, perhaps suggesting that the 

antibiotic may have been suppressing infection, or accelerating clearance of antibodies. 

The small size of the study dictates that a much larger purpose-designed, prospective 

trial would be needed to c o d m  the preliminary fmdings. 

Roxithromycin in Ischaemic Syndromes (ROXIS) study 

The aim of the ROXIS study[21 (another pilot, randomised, placebo-controlled 

intervention trial) was to assess whether the anti-chlamydia1 antibiotic, roxithromycin 

(150 mg twice daily, for 30 days) could reduce the incidence of recurrent ischaemic 

events in 205 patients who had presented with acute coronary syndromes. Conventional 

anti-anginal therapy (aspirin, heparin and beta-blockers) was continued in all patients. 

There was a significant reduction in combined ischaemic events (composite endpoint: 

recurrent ischaemia, MI or ischaemic death) at day 31 in the patients randomised to 

roxithromycin compared with the placebo group (two versus nine events, p=0.03 

unadjusted, p=0.06 adjusted) (see Table 10). Follow-up results of this study suggest that 

the benefit derived from therapy may be independent of baseline anti-C. pneumoniae 

IgG antibody serology (E Gurfinkel, personal communication). An anti-inflammatory, 

'plaque-stabilising' effect of macrolide therapy is one postulated mechanism to explain 

the clinical results of this trial. Alternatively, roxithromycin therapy may have 

suppressed the reactivation of a chronic C. pneumoniae infection within the 

atherosclerotic plaque. 
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Chronic infection, Chlamydia and CHD 

Trial of doxycycline in bypass-surgery patients 

In a small, randomised, placebo-controlled study, doxycycline therapy was investigated 

in 34 non-smoking males who had had previous coronary artery bypass surgery 

(cABG).[*] After 4 months of trial treatment, no significant differences were noted in 

anti-C. pneumoniae antibody titres, laboratory risk factors for CHD (including lipids, 

fibrinogen and thrombin fragments) or nitric oxide production (as determined by 

forearm blood flow responses) between the doxycycline-treated and placebo-treated 

groups. The investigators acknowledged that the study numbers were too small to assess 

any clinical effects, that antibiotic monotherapy may not be sufficient to eradicate a 

chronic chlamydia1 infection and that antibody serology itself may not be an appropriate 

marker for confirming the presence of such infection. 

Do anti-inflammatory actions of macrolides account for the clinical benefits? 

The two preliminary trials of macrolide therapy in CHD have shown a potential clinical 

benefit in the antibiotic-treated with reduction in the incidence of adverse 

cardiovascular events. These effects may have resulted from an action against 

C. pneumoniae (more likely to be suppression of active infection, rather than its 

complete eradication, given the short courses of therapy used) or may reflect an 

independent anti-inflammatory effect of azithromycin or roxithromycin. Several studies 

have demonstrated that macrolides antibiotics have anti-inflammatory actions. In vitro, 

macrolides inhibit the proliferation of peripheral blood mononuclear cells,[g1 reduce the 

formation of superoxide by neutrophils and inhibit the release of ~ ~ t o k i n e s . ' ~ ~ , " ~  In 

addition, investigation by Martin et al. showed that in vitro, roxithromycin (but not 

tetracycline) produced a significant reduction in whole-cell conductance of 

macrophages via blockade of the large-conductance potassium ~hannel."~' Whether this 

in vitro effect could translate into an in vivo benefits (for example, by suppression of 

macrophage activity and rendering the atherosclerotic plaque less vulnerable to rupture) 

needs to be tested in a clinical trial. 
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Ongoing prospective antibiotic studies 

The publication of the first two pilot studies of macrolide therapy in the prevention of 

coronary events generated widespread scientific interest. Large-scale, prospective 

antibiotic trials in this setting are underway; the aims and designs of major studies are 

described briefly below. 

'Weekly Intervention with Zithromax against Atherosclerotic-Related Disorders' 

(WIZARD) study 

The WIZARD study, a multi-centre prospective trial, was launched in Autumn 1997 (M 

Dume, personal communication). It has randomised around 3500 patients who have 

had an MI more than 6 weeks previously, and who have positive anti-C. pneumoniae 

serology (21116 IgG), to receive either an acute 3-day course of azithromycin 

(600mgfday) followed by a chronic 3-month course of the antibiotic (600mg, given 

weekly), or to receive placebo throughout. The primary aim of the study is to assess 

whether antibiotic therapy can reduce total cardiovascular events over a 2.5-year 

follow-up period. The overall duration of antibiotic therapy is arbitrary, but based on a 

logical rationale. An acute course of azithromycin may treat any active C. pneumoniae 

infection, and perhaps stabilise atherosclerotic plaques. An ongoing chronic course of 

therapy would be needed to attempt eradication of a deep-seated infection - in which 

the organism might exhibit a cyclical pattern of remaining quiescent for long periods, 

and emerging intermittently in an unpredictable active phase. In the active phase, an 

adequate local concentration of the drug would be necessary, hence the use of a weekly 

regimen. The WIZARD study may not be able to differentiate between any non- 

antimicrobial action of the antibiotic and antibacterial effects, since this study includes 

only anti-C. pneumoniae seropositive patients. Provision is made to assess changes in 

anti-C. pneumoniae titres and inflammatory markers during the course of the study. 

Trial cardiovascular endpoints are currently being reviewed. 
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'Might Azithromycin Reduce Bypass-List Events?' (MARBLE) study 

An intrinsic limitation of the British National Health Service system is the reality of 

waiting lists for coronary revascularisation procedures. In an average tertiary 

cardiothoracic unit, for instance, around 700-800 patients with severe CHD will be on a 

typical waiting list for CABG procedures. These people can expect to wait for up to 12 

months for surgery. Such patients often have cardiovascular events during the waiting 

period (including readmission with unstable angina or MI["]) or other evidence of 

worsening coronary artery disease.['" The MARBLE study is a prospective, double- 

blind antibiotic trial that aims to randomise such 'CABG-waiters' to an azithromycin 

regimen identical to that of the WIZARD study or to placebo (irrespective of baseline 

serum anti-C. pneurnoniae antibody titre), and to assess effects on the total number of 

cardiovascular events occurring during the period waiting for CABG."~] At the time of 

operation, a proportion (20-25%) of these patients are likely to undergo coronary 

endarterectomy procedures. Samples of coronary arteries taken at this time will be 

examined for presence of C. pneumoniae, and correlations made with serology, 

inflammatory markers and any effects of antibiotic treatment. The results of the 

MARBLE study, if positive, may provide data on the relationship between antibiotic 

treatment and effects of infection within coronary arteries, and, moreover, could have 

major public health and socioeconomic ramifications for the UK. 

'Azithromycin in Coronary Artery Disease: Elimination of Myocardial Infection 

with Chlamydia' (ACADEMIC) study 

The ACADEMIC study is a small, double-blind, randomised secondary prevention trial 

to test whether or not azithromycin reduces serum levels of systemic markers of 

inflammation, anti-c. pneumoniae antibody titres or vascular events in patients with 

symptomatic CHD (post-MI or angiographically confirmed disease). In all, 150 patients 

have been randomised to a 3-month course of azithromycin and 150 to placebo. 

Preliminary results (at 6 months) show a significant stabilisation of C-reactive protein 

(CRP) and interleukin-6 (IL-6) levels and a trend toward stabilisation of interleukin-1 

levels.[16] No difference has been demonstrated in laboratory markers, antibody titres or 
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clinical cardiovascular events at 3 or 6 months, for the latter two endpoints - perhaps 

not surprisingly given the study's small size. The primary clinical endpoint (total 

cardiovascular events) evaluation will be at a 2-year follow-up point. 

'South Thames Antibiotics in Myocardial Infarction and Angina' (STAMINA) 

study 

In the STAMINA study, 600 patients with acute coronary syndromes are being 

randomised to either an azithromycin-based regimen, an amoxycillin-based regimen or 

placebo (with the aim of treating both H. pylori and C. pneumoniae infections), to 

assess consequent effects of such therapy on serological markers of infection, 

inflammatory markers (fibrinogen, CRP, IL-6) and, secondarily, on clinical 

cardiovascular events (A Stone, personal communication). 

'CROatian Azithromycin in Atherosclerosis Study' (CROAATS) 

The CROAATS is a placebo-controlled, randomised trial involving 400 survivours of 

MI (J Culic, personal communication). The primary aim is to investigate the effects of 

taking azithromycin 500mg daily for 3 days in three cycles (days 1-3, 10-12 and 20-22) 

on total cardiovacular events over a 18-month follow-up period. Secondary endpoints 

include effects of therapy on serological markers, inflammatory and procoagulant 

mediators. Only patients with positive anti-C. pneumoniae antibody titres will be 

randomised to azithromycin or placebo. However, screened, non-randomised (i.e. 

seronegative) patients will also be observed prospectively for future cardiovascular 

events. 

'Azithromycin and Coronary Events Study' (ACES) 

ACES is planned to be a multi-centre, placebo-controlled trial. The study group will 

comprise 4000 adults with established CHD. Subjects will be randornised to take either 

azithromycin (600mg) or placebo, once weekly for 1 year, irrespective of their baseline 

anti-C. pneumoniae antibody titre. The composite primary endpoint will be 

cardiovascular death, non-fatal MI or hospitalisation for unstable angina and 
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revascularisation procedures. The monitoring period will average 4 years (JT Grayston, 

personal communication). 

Potential limitations of the antibiotic studies 
In the understandable drive to complete the large antibiotic intervention trials promptly, 

certain important issues could be inadvertently overlooked. Such points include: 

difficulties in confirming chronic C. pneumoniae infection, precise characterisation of 

any subgroups of patients likely to benefit from (or to be harmed by) antibiotic therapy, 

potential effects of reinfection with C. pneumoniae and the possible confounding by 

other  infection^.^'^' The potential implications of widespread use of broad-spectrum 

antibiotics in the community and the risk of increased antibiotic resistance, a very 

topical issue, also needs careful consideration and risk-benefit evaluation. 

It is also possible that negative findings in the ongoing prospective trials may fail to 

provide definitive evidence that either C. pneumoniae or antimicrobial therapy have no 

role in CHD. This could be the case if there is an under-powering of the trials, 

incomplete eradiaction of any C. pneumoniae infection or an inadequate follow-up time 

in the setting of a delayed therapeutic benefit. 

Antimicrobial resistance 

International agencies (including the World Health Organization) are highlighting and 

addressing the increasing problem of widespread antimicrobial re~istance.['*~ There is 

evidence suggesting that up to 75% of total antibiotic use is of questionable therapeutic 

value, and it is not unusual to find organisms insensitive to multiple different 

antibiotics. Strategies, such as increasing surveillance, education and application of 

evidence-based guidelines on prescribing, are being implemented to limit the 

development and spread of resistance. Further research is also crucial to improve our 

understanding of the evolution of resistance, its spread in the community and effective 

mechanisms for its control. The current focus on the potential use of antibiotics in the 
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management of CHD raises inevitable concerns over the effects on antimicrobial 

resistance of widespread (and prolonged) usage of broad-spectrum antibiotics in a new 

clinical arena. 

How the antibiotic studies should help 

Despite their limitations, the ongoing antibiotic trials are likely to increase our 

understanding of the role of infection and antimicrobials in CHD. Should the trials 

confirm the results of the pilot studies, antibiotic treatment of chronic C. pneumoniae 

infection could have major therapeutic implications and potentially help reduce the 

burden of the epidemic of CHD which persists, despite other advances in risk factor 

modification and coronary interventions. The provision of a relatively inexpensive form 

of secondary prevention could be particularly beneficial to countries in Eastern Europe 

and the developing world that are seeing a disproportionate increase in the incidence of 

CHD. Such results should also help to determine the overall risk-benefit ratio of 

chronic antibiotic usage in CHD and thereby limit prescribing practice that could 

otherwise unnecessarily increase levels of antimicrobial resistance. On the other hand, 

negative results from the trials would help prevent a well-intentioned but inappropriate 

and potentially harmful widespread use of broad-spectrum antibiotics. 

Summary 

Macrolide antibiotics are well-established treatments for C. pneumoniae infection. Such 

drugs are, therefore, a logical choice in studies testing whether therapy targeted at 

presumed (or possible) chronic C. pneumoniae improves clinical outlook in CHD. Pilot 

antibiotic studies (using azithromycin and roxithromycin) suggest that such intervention 

may indeed help prevent cardiovascular events in patients with established CHD. Larger 

randornised, controlled trials should help establish definitively whether antibiotic 

therapy would be a useful treatment strategy in such patients. They may also help in 
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clarifying the nature of the inter-relationship between chronic vascular C. pneumoniae 

infection and atherosclerotic disease. 
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Chapter 7: A perspective on Chlamydia 
pneumoniae and coronary heart disease 

There is a consistent association between evidence of the presence of Chlamydia 

pneumoniae infection and coronary heart disease (CHD), but a causal relationship 

between the organism and atherogenesis has not been established['] (See Table 11). 

Since the original report in 1988 suggesting that C. pneumoniae was linked with 

CHD,'~] there has been, understandably, a rather mixed response from the scientific 

community, including doubt, speculation, excitement and intense research. The original 

observations have led to numerous follow-up investigations in many countries. These 

included: seroepiderniological studies showing associations between anti-C. 

pneumoniae antibodies and CHD,'~' positive identification of the organism within,['] and 

its cuhre  from, ather~ma;'~'] development of animal models of C. pneumoniae- 

induced ather~~enesis;[&'~' in vitro studies providing evidence of an 'infectious' basis 

for atherogenesis; and clinical intervention secondary prevention studies using anti- 

chlamydia) antibiotics.["."' The international nature of research in this field can be seen 

from the map in Figure 12, which highlights countries where important studies have 

been carried out or are ongoing. 

Table 11: Lines of evidence linking C. pneumoniae with atherosclerosis 

Consistent serological link with vascular diseases 1 
Infection of vascular cells in vitro 

Identification and culture from atheroma 

Induction of atherosclerosis in animal models 

Potential therapeutic benefit of anti-chlamydia1 antibiotics 
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Use of anti-chlamydia1 antibiotics and fall in cardiovascular disease mortality 

It is of additional interest that some investigators have noted that there is a positive 

epidemiological correlation between the introduction of anti-chlamydia1 antibiotics and 

the decline in cardiovascular disease (CVD) mortality seen in certain countries over the 

last 3-4 decades. For example, h e s t a d  et al. compared mortality rates from CVD in 

Norway with some lifestyle risk factors (i.e. dietary fat intake and cigarette smoking) 

and the consumption of tetracycline.['41 They showed that CVD mortality rates peaked 

in 1961-65 - but both fat intake and smoking rates in the community remained high for 

at least another decade. On the other hand, increasing usage of tetracycline after the 

drug was licensed in Norway in 1954 mirrored a temporal fall in CVD mortality (see 

Figure 13). Saikku et a1 have made similar observations, relating the declining mortality 

from CHD in Finland to the introduction of erythromycin and other macrolides (P 

Saikku, personal communication]. 
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Figure 13: Cardiovascular disease deaths in Norway, dietary fat and consumption of 

tetracycline 

Licensed 1954 

1 

Year 

Deaths per 100,000 population from cardiovascular diseases: CVD according to ICD9 

(International Classification of Diseases, 9th revision) codes 390-459. Standardised on 

the basis of age at December 31, 1990, % of total energy from fat (g fat per 10 MJ), % 

of smokers (16-74 years), and consumption of tetracycline in defined daily doses 

(DDD) per 1000. (Data obtained from Statistics Norway, Norwegian Nutritional 

Council, National Council of Tobacco and Health, and Norwegian Medicinal Depot). 

(Reproduced from hes tad  G, Scheel G, Hugnes 0. Chronic infections and coronary 

heart disease. Lancet 1997; 350: 1028 [letter], with permission.) 
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Despite all these research findings, our understanding of the organism's natural history 

and role in chronic disease processes, such as atherosclerosis, is incomplete. The 

organism is difficult to culture and, therefore, diagnosis of infection has relied largely 

on indirect methods, such as checking for anti-C. pneumoniae antibodies using 

microirnrnunofluorescence assays. The precise relationship between anti-C. pneumoniae 

antibody titres and infection status (in patients with or without CHD) and any 

serological criteria for eradication of C. pneumoniae infection remain undefmed. Also, 

published seroepidemiological studies have used arbitrarily selected anti-C. pneumoniae 

antibody titre cut-off points to define seropositivity and there is a lack of reliable and 

reproducible methods of detecting the organism's antigens.[31 Stringent criteria for the 

definition and diagnosis of chronic C. pneumoniae infection in CHD are, therefore, 

needed. 

Recent evidence suggesting that anti-chlamydia1 antibiotics may be of benefit in certain 

patients with established CHD needs to be confirmed by larger, purpose-designed, 

prospective trials (as highlighted in Chapter 6). Whether or not benefits of antibiotic 

therapy are limited to specific groups of patients with atherosclerotic disease also needs 

to be established. 

Other issues to be resolved include: identification of any optimal antibiotic regimens 
d 

and duration of therapy; the most appropriate means of monitoring C. pneumoniae 

infection status (including detection of reinfection); and whether the antibiotics are 

acting by independent, non-antimicrobial mechanisms as well as (or rather than) 

through anti-bacterial effects. It is equally important that widespread clinical use of 

broad-spectrum antibiotic therapy in the management of CHD does not occur 

prematurely. The indiscriminate use of broad-spectru~n antibiotics in this context would 

raise concerns about potential related increases in the levels of bacterial resistance.["] 

Evaluation of the risk-benefit balance of chronic antibiotic therapy in CHD patients is 

clearly essential. 
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The need to complete large-scale, randornised antibiotic intervention trials in patients 

with CHD is pressing. Further research is also needed to define clearly the direct role (if 

any) of C. pneumoniae in atherogenesis. In particular, whether there is a clear temporal 

relationship between acquisition of C. pneumoniae infection and CHD development, 

and how the infection might interact with conventional atherogenic risk factors, need 

clarification. The underlying mechanism of endothelial cell damage andlor plaque 

disruption (currently hypothesised to occur via macrophage activation) also requires 

further investigation. Such research could lead to increased understanding of CHD's 

pathogenesis and the development of new, effective management strategies over the 

next few years. The future development of a C. pneumoniae vaccine for potential use in 

the primary prevention of CHD may be a logical eventual development. 

Chlamydia pneumoniae infection is common and treatable. If large-scale antibiotic 

intervention trials show conclusive long-term clinical benefit, antibiotic therapy may 

prove valuable in combating the 'epidemic' of CHD, which continues to be a major 

cause of morbidity and death worldwide. The potential implications for public health 

are obvious. 
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