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Abstract

Sincethe recent publication of 3 studies on the use of antibacterialsin patients

with coronary artery disease (CAD), there has been a phenomenal interest in the
role of infectionin the genesis of CAD. It isnow generally accepted that inflam-
mation accompanies atherosclerosis from its initiation to the evolution of end-
events. Inflammation may occur in response to traditional risk factors, such as
hyperlipidaemia, smoking and diabetes mellitus. Thereis arecent resurgence of
the concept that inflammation may have an infectiousbasis. Thisconcept isbased
on the identification of microorganisms in the atherosclerotic plaque and sero-
positivity. The data on eradication of the offending organism with antibioticsand
prevention of atherosclerosis-related events have, however, been inconsistent.
This may reflect lack of precise understanding of steps|eading to atherosclerosis
and the evolution of acute ischaemic events. Further work in this area may help
identify subsets of patient populations within which infection may play a caus-
ativeroleinthegenesisof CAD. Targeted therapy then may beconsideredlogical.

Atherosclerosisis still the mgjor cause of mor-
bidity and mortality in the US and Europe, despite
amajor decline in mortality from coronary artery
disease (CAD) over thelast 2 decadesin the West-
ern Hemisphere.[12 Several risk factors, such as
dyslipidaemia, smoking, hypertension and diabe-
tes mellitus, have been identified and correlated
with the presence of CAD. Control of thetheserisk
factorsin the general population isthought to have
contributed at least in part to the decrease in mor-
tality and morbidity.[3-5 However, the mortality
and morbidity in other areas, such as Asia, contin-
uesto increase,[®l suggesting that ‘traditional’ risk
factors alone cannot explain the atherosclerotic
process. Since the traditional risk factors explain

the occurrence of CAD eventsonly inasmall num-
ber of patients, several new risk factors, such as
hyperhomocysteinaemia, elevated lipoprotein A
[Lp(a)], excess iron load in the body, imbalance
between oxidant-antioxidant species, and genetic
predisposition, have been considered as contribu-
tors to atherosclerosis.[”-11 In this article, we dis-
cuss the evidence for another putative risk factor,
infection and the ensuing inflammation, in the
pathogenesis of CAD, and the possible role of an-
tibacterials in the treatment of CAD.

1. Atherosclerosis Is An
Inflammatory Disease

Many experimental and clinical studies have
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provided evidence for the presence of ongoing in-
flammation in atherosclerosis.[12-14 Theearliest le-
sion of atherosclerosis, the so-called fatty streak, is
purely an inflammatory lesion. It consists mainly
of monocyte-derived macrophages and T lympho-
cytes.[1% Factors such as elevated and oxidatively
modified low density lipoprotein (LDL) choles-
terol, free radicals, cigarette smoke, hypertension,
diabetes mellitus, genetic alterations, elevated plas-
mahomocystei ne concentrations and i nfectious or-
ganisms, activate the endothelium and facilitate
leucocyte deposition. Release of growth factorsfrom
inflammatory cells stimul ates migration and prolif-
eration of smooth muscle cells. As the process of
atherosclerosis proceeds, the complex lesion over
time becomes covered with afibrous cap that over-
liesacoreof lipid and necrotic tissue. Whereas the
integrity of this fibrous cap is responsible for the
stability of the atherosclerotic plague,[16-18] sustained
inflammation may cause instability of the plague.
Cytokines released by inflammatory cells play a
key role in the regulation of the stability of this
plaque.[1920 Cytokines also regulate the expression
of adhesion molecules, such as vascular cell adhe-
sionmolecule-1 (VCAM-1), intercellular adhesion
molecule-1 (ICAM-1) and selectins, which arecru-
cial in the recruitment of leucocytes to the lesion
and further growth of smooth muscle cells.[19-21]
Activated T cellsin human atheroma secretethe
lymphokine interferon (IFN)y, an inhibitor of the
production of theinterstitial form of collagen. There
is evidence connecting activated T cells and their
products to plague rupture. Van der Wal et al.[?2 in
autopsy studiesfound that T cellsand macrophages
predominate at the site of coronary artery plaque
rupture. These authors also noted that smooth mus-
cle cells and leucocytes express high levels of
transplantation antigen HLA-DRa, an indicator of
the state of activation of smooth muscle cells. Only
IFNy can induce the expression of HLA-DRa in
cultures of human vascular smooth musclecells.[21]
Cells within the atherosclerotic plague also ex-
press genes encoding matrix degrading enzymes,
such as the collagenolytic enzyme matrix metallo-
proteinase (MMP)-1.[23 Thus, degradation of the
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fibrous cap could result from adecreasein intersti-
tial collagen mediated by |FNy and from the action
of metalloproteinases.[21:23] The activation of mono-
cytes and macrophages in the atheroma increases
the production of tissuefactor procoagulant and other
prothrombotic factors, which collectively increase
the potential for thrombogenesis. The colocalisa-
tion of CD4+ T cells and macrophages in athero-
sclerotic lesions, the abundant expression of HLA
class I molecules and the expression of the leuco-
cyte stimulatory molecule CD-40 and its ligand
(CD40L) indicate a contribution of cell-mediated
immunity to atherogenesis.[?4 It is now abundantly
clear that thrombotic episodes occur repeatedly in
atherosclerotic arteries and the thrombi spontane-
ously dissolve. The reperfused artery and myocar-
dium often show deposition of acute inflammatory
cells, which may be the basis of acceleration of
atherosclerosis in ischaemic-reperfused regions.
These observations, mostly from experimental work,
collectively suggest that atherosclerosis is an in-
flammatory disease that involves an intimate inter-
action between blood vessel and circulatory cells

(fig. 1).

2. Clinical Markers of Inflammation in
Coronary Artery Disease

The markers of inflammation identified in pa-
tientswith CAD are summarised in tablel. Studies
performed almost 2 decades ago suggested that to-
tal leucocyte count correlates with the extent and
severity of coronary atherosclerosis.[2527 Theini-
tial leucocyte count in acute myocardial infarction

Table I. Markers of inflammation in clinical coronary artery disease

Increased total leucocyte count in blood

Increased neutrophil chemotaxis, and leukotriene B4 and
elastase release

Increased lymphocyte activation (increased procoagulant
activity) in vitro

Elevated C-reactive protein and amyloid A levels in serum
Increased circulating levels of leucocyte adhesion molecules
Accumulation of inflammatory cells (T lymphocytes and
monocytes/macrophages) in the atherosclerotic regions.
Collection of large number of inflammatory cells in the shoulder
region of vulnerable plague

Drugs 2000 Feb; 59 (2)



Antibacterials and Coronary Artery Disease

161

Polymorphonuclear
leucocyte

Vascular smooth
muscle cells

Fibrous cap

Platelet aggregation
at the site of plaque
rupture

Thrombus of
intermediate age

Old organising
thrombus

Lymphocyte

Foam cells

Neovascularisation

Adventitia

Fig. 1. Role of inflammation in atherosclerosis. After the initiation of endothelial activation, monocytes adhere, penetrate through the
intercellular junction, and transform into macrophages and foam cells after incorporating the oxidised form of low density lipoprotein
(LDL). The inflammatory cells release cytokines, which attract more inflammatory cells into the atherosclerotic area. Inflammatory
cells release reactive oxygen species and growth factors. The vulnerable plaque is characterised by accumulation of a large number
of inflammatory cells in the shoulder region of the plaque. Acute myocardial ischaemia is a result of thrombus formation, and

reperfusion is characterised by neutrophil accumulation.

(MI) independently predictsthefrequency of early
ventricular fibrillation. Other studies showed en-
hanced chemotactic response of neutrophils and
increased leukotriene B4 generation in patients
with stable angina.[28.29 Patjents with unstable an-
gina and acute MI have increased neutrophil elas-
tase release. Neri Serneri et al.[3% showed that pe-
ripheral blood lymphocytes from patients with
unstable angina also are activated and express sig-
nificant procoagulant activity. Our group(3l mea-
sured circulating levels of ICAM-1 released from
activated endothelial cellsand L-selectin shed into
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theblood from activated leucocytesin apopulation
of patients with CAD. We found higher levels of
circulating ICAM-1in patientswith CAD, with the
highest levelsin patientswith acuteischaemic syn-
dromes.

Two recent clinical studies demonstrated the
role of inflammation in CAD. Liuzzo et al.[32 re-
ported that C-reactive protein and serum amyloid
A protein were elevated in most patients with un-
stable angina pectoris and recent MI. The serum
level of C-reactive protein may be an independent
significant predictive factor in future M1 and isch-
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aemic stroke.[3% Recently, Biasucci et al.[3% have
emphasised the presence of inflammatory compo-
nent in patientswith unstabl e angina. They showed
that the magnitude of the immune response cor-
relates with the clinical outcome. These studies
clearly demonstrate that inflammation is an ongo-
ing processin CAD, and its exacerbation may lead
to acute coronary syndromes.

Although these studies do not provide the aeti-
ology of inflammation, these observations defi-
nitely suggest that unstable angina may be a pro-
cess triggered by acute inflammation in response
to one or more stimuli.

3. Role of Infection in
Human Atherosclerosis

It has recently been proposed that inflammation
may be triggered by an infectious pathogen, and
acute exacerbation of the infectious process may
relate to the pathogenesis of atherosclerosisand acute
coronary syndromes.[12:35:36] Degpite all the recent
emphasis and press attention, the infectious basis
of atherosclerosis was initially formulated more
than 100 years ago,[37:38] and since then occasional
reports have correlated infections with atheroscle-
rosis.[39-41] | nfectious agents are important inflam-
matory stimuli that can initiate and maintain the
atherosclerotic process. The histopathology of ath-
erosclerotic lesions indeed suggests a correlation
of some infections with progression of CAD. A
number of pathogens have been thought to be in-
volved in coronary atherosclerosis, and theseinclude
viruses (cytomegal ovirus and herpes simplex) and
bacteria (Chlamydia pneumoniae and Helicobac-
ter pylori).[39-52

3.1 Cytomegalovirus and Herpes
Simplex Virus

Cytomegalovirus (CMV) has been frequently
associated with atherosclerosis.[444% High levels of
antibody titres against CMV have been described
in patients with restenosis after coronary interven-
tions*? aswell asin patients with CAD compared
with controls.>1 High levels of antibody titres have
also been demonstrated in patients with transplan-

0 Adis International Limited. All rights reserved.

tation atherosclerosis.[“®l Human endothelial cellsin-
fected with herpes smplex virus (HSV) demonstrate
thrombin formation and increased adherence of
plateletsd>2 and granulocytes.!>3 Many other stud-
ieshave documented the presence of CMV or HSV
in human atheroma.[54-5

CMYV induces major histocompatibility class |
antigen expression in human aortic muscle cell.[58]
Transfection with thisvirus also causes expression
of genes for several cytokines.®® The failure to cul-
ture infectious vira particles from the atheroscle-
rotic lesion is probably due to the ‘hit and run’
mechanism of HSV-mediated disease,[® which
impliesthat these viruses provoke the disease, but do
not persist in the lesion. These studies support the
observation of Fabricant et al.[3% on therole of these
viruses in atherosclerosis. Recently, the Athero-
sclerosis Risk In Communities (ARIC) study!6l
documented a significant correlation between ca-
rotid intima-medial thickness and the level of anti-
CMV antibodies. However, no correlation of caro-
tid atherosclerosis with antibodies against HSV
typel or type Il antigen wasidentified.[62 A nega-
tive correlation has been reported in other studies
as well.[63]

3.2 Helicobacter pylori

There have been somereportsrelating H. pylori
to the pathogenesis of atherosclerosis® aswell as
with serum lipid levels.[53 However, most studies
havefailedto show any association betweenH. pylori
serology and carotid or coronary atherosclerosis.[6¢!
A meta-analysis'®”] of 18 studiesfailed to show any
correlation of seropositivity against H. pylori withthe
presence or extent of coronary heart disease. Re-
cent evidence, however, suggeststhat themorevir-
ulent strain bearing the cytotoxin-associated gene
A (CagA) may be relevant in atherosclerosis
through low grade, persistent inflammatory stimu-
Iation.[68]

3.3 Chlamydia pneumoniae

Chlamydiaspp. are Gram-negative bacteriathat
cause human infectious disease. There are 3 different
species of Chlamydia: (i) C. trachomatis, which
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causes eye disease and sexually transmitted disease;
(ii) C. psittaci, which infects birds and causes a hu-
man form of pneumonitis; and (iii) C. pneumoniae,
which causes upper respiratory infections. Thereis
only one immunotype, named TWAR, and thisterm
is now used synonymously with C. pneumoniae.
Many studies support the hypothesis of C. pneu-
moniae as the most probabl e infectious agent asso-
ciated with human atherosclerosis. These experi-
mental and clinical studies are summarised here.

3.3.1 Experimental Data

Fryer et al.l%9 showed that C. pneumoniae can
infect cultured human vascular endothelia cells and
stimulate a4-fold increase in the expression of tis-
sue factor and platelet adhesion, thus providing a
link between infection with C. pneumoniae and
procoagulant activity. Gaydos et al.,[" Wyrick
and Brunridgel”Y and Godzik et al .72 showed that
Chlamydia can replicate and maintain infection in
human macrophages, endothelia cells and aortic
smooth muscle cells. Fong et al.[73 showed repli-
cation of C. pneumoniaein arabbit model. M oazed
et al.["1 examined the relation of infection with C.
pneumonia with atherosclerosisin 2 different ani-
mal models: apolipoprotein E-deficient transgenic
mice, which spontaneously develop atherosclero-
sis, and C57 BL/6T mice, which only develop ath-
erosclerosis on an atherogenic diet. After intra-
nasal inoculation, C. pneumoniae was persistently
identified in atherosclerotic lesions of the aorta by
polymerase chain reaction (PCR) and immunohis-
tochemistry. Elevated antibody titres [immuno-
globin (1g)G] lasted for upto 12 weeks. Muhlestein
et al.l[”® injected rabbits with C. pneumoniae or
saline, and randomly assigned them to azithromycin
or placebo for 2 months. Maximal intimal thick-
ness of the aorta at 3 months was increased 3-fold
in infected untreated animals, while it was normal
in uninfected or treated infected animals. A recent
carefully conducted study shows that high choles-
terol levels provide a milieu for the growth of C.
pneumoniae and devel opment of atherosclerosisin
arabbit model.[78]
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3.3.2 Human Studies

Many reports link C. pneumoniae with acute
coronary syndromes. The first serological evidence
of an association between C. pneumoniae and CAD
was presented by Saikku et al.[4/1 They examined
serum samples from 40 male patients with acute Ml,
30 mal e patients with chronic CAD and 41 controls.
68% of patients with acute M| and 50% of patients
with chronic CAD had elevated 1gG (>1/128) or
IgA (>1/32) titres or both against C. pneumoniae.
Only 17% of the control group had high titres. Al-
though the early work showed a preponderance of
reports on Chlamydia seropositivity in CAD pa-
tients, more recent reportstend to refute this obser-
vation. We have recently studied patients with
CAD from 3 different countries (Italy, US and
Sweden), and found that the presence of elevated
antibody titres (IgG and 1gA) against C. pneu-
moniae were seen in arelatively small number of
patients and did not show a correlation with the
extent or severity of CAD.[7]

Sophisticated techniques such as PCR, electron
microscopy, immunostaining, and culture of the
organism have also been used to look for the pres-
ence of infection with Chlamydia. Many of these
studies support the concept that infection with
Chlamydia may be associated with the genesis of
atherosclerosisin the early stages.[78-82 For exam-
ple, Shor et al.l82 detected C. pneumoniaein fatty
streaks and atheromathous lesions in 7 autopsy
cases. Kuo et al.[78l and Campbell et al.[79 demon-
strated the presence of C. pneumoniae in the coro-
nary arteries of young adults. Muhlestein et al.[83]
reported immunofluorescence positivity in 79% of
24 coronary artery specimens taken from patients
with CAD. Some negative reports have also ap-
peared in the literature,[84-%¢ and the absence of
Chlamydia positivity may be a reflection of the
method used to identify the bacteria. Positivity for
C. pneumoniae was found by PCR and immuno-
chemistry in the atherosclerotic tissues in patients
from the ARIC study.[0

Discrepancy in dataon vessel wall infection be-
tween various studies can be explained by the de-
gree of sensitivity of the test employed as well as
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the quality and type of specimen examined.[88] We
have recently examined the association of C. pneu-
moniae with coronary atherosclerosisin 60 consec-
utive autopsy cases.[87] 32 of 42 cases with severe
atherosclerosis were positive on immunoperoxidase
staining compared with 1 of 18 with mild athero-
sclerosis (p < 0.001). We aso studied HLA-DR
genotypes in these patients. Interestingly, 48% of
cases of severe atherosclerosis were positive for
HLA-class Il genotypes 13, 15 or 17 in cardiac
smooth muscle compared with 19% of cases with
mild atherosclerosis. Similar results have been re-
ported by Dahlen et al.l888% These observations
collectively indicate an association of C. pneu-
moniae and atherosclerosis only in some geneti-
cally proneindividuals.

4. Which Pathogen is Associated
With Atherosclerosis?

The association between CMV, HSV or H. pylori
and atherosclerosis does not fulfil the Koch's cri-
teria that should be met to link an infectious agent
with the production of the disease.[%°1 Evidence
for C. pneumoniae, thus far, presents the strongest
association with human atherosclerosis. On the ba-
sis of seroepidemiological, pathological and labo-
ratory data, this agent fulfils many of Koch’s cri-
teriato be considered a pathogen in the genesis of
atherosclerosis. In essence, C. pneumoniae has been
isolated from human atherosclerotic plaques;[78-83]
this agent can be identified in the atheroma by cul-
ture or directly by microscopy;9293 and lastly, on
transfer to a susceptible host, this agent causes the
disease.["]

The enthusiasm for implicating these pathogens
in CAD was dampened by the results of analysis of
several studies. For example, in arecent population-
based, case-control study, Danesh et al.[%4 showed
that after adjustment for age, gender, smoking, in-
dicators of socioeconomic status and standard risk
factors, the odds ratio (95% confidence intervals)
for CAD patientsto have seropositivity to H. pylori
was 1.28 (0.93 to 1.75), to CMV 1.40 (0.96 to
2.05), and to C. pneumoniae 0.95 (0.66 to 1.36).
They also found a strong correlation between H.
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pylori and C. pneumoniae | gG concentrations, sug-
gesting co-nesting of theseinfections.[%] These ob-
servations on seropositivity do not, however, rule
out arolefor Chlamydia or other organismsin ini-
tiating or perpetuating the atherosclerotic lesion in
some genetically prone individuals, especidly in
those with other traditional risk factors.[12]

5. Mechanism of Infection-Induced
Atherogenesis or Aggravation
of Atherosclerosis

The mechanism by which C. pneumoniae influ-
encesatherogenesisisstill poorly understood. Ath-
erosclerosiscould result from direct local infection
of the vessel wall or from some of indirect effects
of theinfection, which are summarised hereand in
figure 2.

(i) Kol et al.[% demonstrated that C. pneumon-
iae produces a large amount of heat shock protein
60 (HSP 60) during chronic persistent infection,
and HSP 60 may play arolein atherogenesis. These
authors found that chlamydial HSP 60 colocalises
within the plague macrophages and in human ath-
erosclerotic lesions. This bacterial product stimu-
lates macrophage function with release of pro-
inflammatory cytokines, such as tumour necrosis
factor (TNF)a and matrix signalling metallopro-
teinases.[23] Mayr et al.[97] recently showed that an-
tibodies to chlamydial HSPs also induce endothe-
lial cytotoxicity, akey event in the pathogenesis of
atherosclerosis.

(i) Repeat bacterial infection can aggravate the
pre-existing infection or inflammation by enhanc-
ing T cell activation and other inflammatory responses
which may cause destabilisation of the intimal fi-
brous cap with subsequent plaque rupture and cor-
onary thrombosis.[3¢!

(iii) Kalayoglu and Byrnel®®! found that intracel -
lular C. pneumoniaeinduces macrophagefoam cell
formation in human atheroma. Foam cell formation
markedly increases upon exposure of macrophages
and LDL, suggesting that lipid accumulation isin-
duced by deregulation of native L DL uptake or me-
tabolism.
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Fig. 2. Relationship between infection, inflammation and other
mediators of atherosclerosis. In susceptible individuals, intra-
cellular infection can activate endothelial and smooth muscle
cells, which results in recruitment and activation of leucocytes
(a). Infection can also activate mononuclear cellsand T lympho-
cytes, which, via a cascade of events, activate and injure
endothelial and vascular smooth muscle cells (b). CMV = cyto-
megalovirus; HSV = herpes simplex virus.

(iv) Chlamydia, as well as CMV, induces pro-
duction of cytokines.[?l Many of the cytokines, as
previously discussed, have avariety of actionsthat
may induce procoagulant activity and endothelial
dysfunction. Cytokines can activate neutrophils and
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cause release of reactive oxygen species (ROS),[100]
which facilitate oxidation of LDL cholesterol, a
key event in atherosclerosis. Cytokines also attract
monocytesand other inflammatory cellsto thearea
of endothelial damage. ROS also stimulate platel et
activation and leucocyte chemotaxis and may par-
ticipatein the formation of thrombusin the athero-
sclerotic narrowed coronary arteries. Cytokinesin-
fluence the coagul ation cascade by stimulating the
formation of endogenous tissue plasminogen acti-
vator and its fast acting inhibitor, plasminogen ac-
tivator inhibitor-1, resulting in thrombus forma-
tion.[100]

(v) Endothelial injury and release of cytokines
decrease the synthesis of constitutive nitric oxide
(NO),1191] another hallmark of atherosclerosis, and
may predispose to vasospasm, platel et aggregation
and thrombosis. Conversely, bacterial lipopolysac-
charideis apotent stimulus for inducible NO syn-
thetase activity,[19U leading to the formation of
large amounts of NO, which can cause endothelial
dysfunction and disruption followed by deposition
on the vessel wall of inflammatory cells and re-
|ease of growth factors.

6. Clinical Trials of Antibacterials in
Coronary Artery Disease

If infection is the cause of atherosclerosis and
its clinical manifestations, treatment with antibac-
terials should theoretically result in preventing
some of the clinical manifestations of CAD.

Azithromycin is a potent azalide antibacterial
which is very active against Chlamydia infec-
tions.[102 Thefirst trial with azithromycin wascar-
ried out by Gupta et al.[1%! in a small number of
survivors of acute M1 with elevated titres of 1gG
against C. pneumoniae. This trial demonstrated a
significant reduction in the markers of inflamma-
tion in patients treated with azithromycin, such as
monocyte macrophagetissue factor and the surface
adhesion molecule CD11b. Azithromycin treat-
ment also resulted in asignificant reduction in car-
diovascular events within 6 to 18 months. Subse-
quently, Gurfinkel et al.["% reported similar short
term efficacy in a pilot antibacterial trial from Ar-
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gentina. They randomised 202 patients with unsta-
ble angina or non—Q-wave M| to the macrolide an-
tibacterial roxithromycin 150mg twicedaily or pla-
cebo for 30 days. All clinical events were reduced
at 1 month in the treated patients (triple end-points
9 and 2% in the placebo and roxithromycin groups,
p < 0.03; double end-points 4 and 0%, p < 0.58).
Follow-up studies suggested that this favourable
effect waned at 3 to 6 months. 1gG titres remained
unchanged, whereas C-reactive protein levels fell
in both groups but more so in the roxithromycin
group (p < 0.03).[103]

These 2 small studies led to much enthusiasm
about the treatment of CAD with antibacterials. A
somewhat larger study was designed and con-
ducted by Anderson et al.[1%] |n this double-blind,
randomised, secondary prevention study [the Azi-
thromycin in Coronary Artery Disease: Elimination
of Myocardia Infection with Chlamydia (ACA-
DEMIC) tria], 302 patients with serological evi-
dence of prior C. pneumoniae exposure were given
azithromycin 500 mg/day for 3 days and then 500
mg/week for 3 months. Antibody titres (IgG and
IgA) andinflammatory markers, such as C-reactive
protein, interleukin (IL)-1, IL-6 and TNFa were
anaysed at 3 and 6 months. Clinical end-points such
ascardiovascul ar death, resuscitated cardiac arrest,
non-fatal MI or stroke, unstable angina requiring
hospitalisation and need for coronary interventions
at 6 months and 2 years were aso assessed. This
study showed that in patients with CAD with sero-
logical evidence of prior exposure to C. pneumo-
niae, markers of inflammation improved at 6
months with azithromycin, but no differenceswere
observed either in antibody titres or in clinical
events. These results stress the need for further in-
vestigation and larger clinical trials.

There are severa other mgjor clinical trias of
antibacterials underway in patientswith CAD. For
example, the Weekly Intervention with Zithromax®
(azithromycin) Against Atherosclerosis-Related
Disorders (WIZARD) trial is enrolling 3500 indi-
vidualswith prior M| and C. pneumoniae antibody
for 3 months. In this study, a 2.5-year observation
is planned. The Azithromycin Coronary Events
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Study (ACES), sponsored by the US National Heart,
Lung and Blood Institute, will include 4000 partic-
ipants with evidence of CAD, irrespective of anti-
body status, for 1 year, with a planned 4-year ob-
servation period.

7. Limitations of Antibacterial Therapy

Theinterestinantibacterial therapy stemmedfrom
early reports suggesting a causative role for C.
pneumoniaein atherosclerosis. Therein may liethe
major limitation of this strategy. As discussed in
section 3.3.2, seropositivity isnot an index of per-
sistent infection.

Furthermore, the infection rate with C. pneu-
moniae in the general population is about 2 to 3%
per year. Although it can berationalised that infec-
tion could promote and maintain atherosclerosisin
combination with other risk factors, and may be an
important mechanism of atherogenesisin certain ge-
netically predisposed individuals, studies based on
serological markers are unlikely to yield evidence
of benefit. This may also be basis of the contradic-
tory results of preliminary studies. Treatment based
on antibody titres may aso be a limitation of the
ACADEMIC trial. Lack of correlation between se-
rological markers of inflammation and activity of
disease suggests that routine antibacteria therapy
in all patients with CAD or all patients with acute
coronary syndromesis unlikely to yield beneficial
effect. We believe that a cause-and-effect relation-
ship between a single infectious agent and athero-
sclerosis remains unproven. We need to define the
subset of patientsin whom infection isthe primary
cause of atherogenesis, or instability of the disease,
before a strong foundation for the use of antibacte-
rials can be laid.

It isto be noted that some of the beneficial ef-
fects of macrolidesin CAD may be aresult of anti-
inflammatory properties of these agentsthat arein-
dependent of their antibacterial effects.[101 This
may explain thefall in C-reactive protein and other
markers of inflammation in patients treated with
antibacterials. Furthermore, prolonged use of anti-
bacterials, particularly those that have a broad
range of pathogen sensitivity, has significant epi-
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demiologica significance. Routine use of high dos-
agesin alarge population may result in antibacte-
rial resistance, which is amajor public health con-
cern, particularly when the relationship between
infection and CAD isfar from proven.

8. Mosaic of Inflammation, Infection
and Atherosclerosis

A large body of evidence has, in the past, sup-
ported the role of certain risk factorsin the patho-
genesis of atherosclerosis. Recently evidence has
been presented for an infectious and/or autoimmune
nature of the disease. However, one major unan-
swered gquestion remains: what causes or initiates
the atherosclerotic process? Traditional risk fac-
tors do not explain the atherosclerotic processin a
relatively large number of patients. Furthermore,
infection is not present in all patients. Lastly, itis
unlikely that a group of 5 or 10 risk factors can
explain the genesis of a malady that affects one-
third to one-half of the world population. What is
clear is that inflammation occurs in response to
some kind of injury and it perpetuates the athero-
sclerotic process, yet it is probably not the cause of
atherosclerosis. Perhaps infectious agents, in the
presence of traditional risk factors, such asdyslipi-
daemia, caninitiate the atherosclerotic process and
lead to an inflammatory response. This may result
in clinical CAD in genetically prone or otherwise
susceptible individuals. It is futile to think that in-
fection with an ubiquitous organism, such as C.
pneumoniae, isthe cause of atherosclerosisin dl in-
dividuals, and therefore, antibacterial therapy will
be useful in all CAD patients.

9. Conclusion

Atherosclerosisisamultifactorial disease. Tra-
ditional risk factorsare associated with thisdisease
in asignificant number of patients. We believe that
thereisonly aweak association between infection
and the precipitation of atherosclerosis or in the
acute manifestations of this complex disease en-
tity. Further prospective large studies need to be
conducted to study the association of infection
with atherogenesis. If the infectious agent/s asso-
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ciated with atherosclerosis is/are clearly demon-
strated, large studieson thetreatment of the offend-
ing organism can be designed to assessthe efficacy
of antibacterials in a select group of patients in
whom infection is the major underlying cause.
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