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Abstract 
The established risk factors for atherosclerosis such as hypertension, smoking, diabetes 

mellitus, hyperlipidemia, and hyperhomocysteinemia do not explain clinical and epidemiological 
features of coronary heart disease (CHD). The role of infectious disease as a CHD risk factor 
may partly explain these features. Chronic infection with various microorganisms, particularly, 
Chlamydia pneumoniae, Cytomegalovirus (CMV) and Helicobactor pylori may play a role in etio­
logical factors, linking inflammation and atherogenesis. Results from epidemiological studies, 
pathology of atherosclerotic plaques, animal studies, molecular biology and clinical antibiotic trials 
indicated a positive association between C. pneumoniae infection and CHD. Chronic infection might 
also influence preexisting plaque by enhancing T cell activation, which participate in destabiliza­
tion of intimal cap. However, the exact nature of pathophysiological link between the organisms 
and CHD remains to be elucidated. Future antibiotic interventional studies may help to further 
clarify the role of chronic infection and inflammation in CHD. 
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Atherosclerosis is the principal underlying 
cause of coronary heart disease (CHD), which is 
the commonest cause of death in the industrialized 
world. It is also the cause of stroke and peripheral 
vascular disease, which are significant causes of 
morbidity and mortality. The atherosclerotic process 

starts as a protective response to injuries to the 
endothelium and smooth muscle cells of the wall of 
the artery, and progresses to the formation of athero­
sclerotic plaques, which narrow and may totally 
obstruct the lumen of the affected artery. The earliest 
atherosclerotic lesions are fatty streaks, which are 
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found even in young asymptomatic subjectsO). 
Over the years, these develop into fibrous plaques, 
which consist of a fibrous cap overlying a lipid-rich 
core. It is well established that numerous factors 
may contribute to the progression of atherosclero­
sis, including hypertension, increased blood lipids, 
cigarette smoking and diabetes(2). However, known 
risk factors do not account for the entire incidence 
of cardiovascular disease and investigators continue 
to investigate other possible risk factors(3-7). 

Sir William Osler introduced the associa­
tion between infections and atherosclerosis nearly 
100 years ago. In 1978, experimental infection of 
germ-free chickens with an avian herpes virus was 
found to produce arterial diseases that resemble 
human atherosclerosis. Subsequently, various infec­
tions have been reported as being associated with 
the development of cerebral and myocardial infarc­
tions( 1,8-1 0). These include Helicobactor pylori 
(H. pyroli), Cytomegalovirus (CMV) and Chlamydia 
pneumoniae (C. pneumoniae)Ol-19). As reviewed 
by Danesh et a!, H. pylori, CMV and C. pneumoniae 
share some common characteristics(20). The pro­
portion of adults in developed countries who have 
antibodies to these infections is about one half. The 
probable mode of spread is through the aerodiges­
tive tract. Infections may be acquired at an early 
age with most being asymptomatic and reinfection 
being very common. The organisms develop a per­
sistent or silent state and may become reactivated 
by appropriate stimuli. 

Cytomegalovirus (CMV) 
Several epidemiological studies reported 

odds ratios of at least two for an association between 
anti-CMV antibodies and cardiovascular disease(2l, 
22). However, many of the studies were small and 
the results were not adjusted for confounding fac­
tors. In addition, only a minority of the studies was 
undertaken in the setting of classical coronary artery 
disease (CAD). DNA from both herpes simplex 
virus (HSV) and CMV have been detected in athero­
sclerotic lesions, but the evidence for a causative 
role is weak(l5,23). In the 18 studies of CMV in 
pathological samples there were only small diffe­
rences in the proportion of atheromatous and non­
atheromatous blood vessels positive for CMV (47% 
vs 39%, with an odds ratio of about 1.4)(16,24-25). 
Some features of atherosclerosis resemble benign 
neoplasia, and herpes viruses can help induce geno­
mic transformation. CMV has been studied in rela-

tion to p53, a protein that is indirectly involved in 
DNA repair(26). In patients who have just under­
gone coronary angioplasty, infection of smooth­
muscle cells by CMV is associated with cellular 
proliferation that can lead to coronary restenosis. 
This finding raises the possibility that a similar 
mechanism might underlie primary atherogenesis. 
Moreover, the finding that neointimal proliferation 
in CMV-infected rats is increased after vascular 
injury also supports the relevance of CMV to arterial 
lesions(27). 

Helicobactor pylori 
Since the first report in 1994, there have 

been numerous sero-epidemiological studies of about 
2,600 cases, reporting an association between the 
presences of antibodies to H. pylori and CAD, or 
strokeOI ,28,29). Most of the studies reported strong 
associations, but there was little adjustment for pos­
sible confounders in many of these studies. A meta­
analysis of 18 epidemiological studies, over 10,000 
patients, found no correlations between evidence 
of H. pylori infection and blood pressure, leucocytes 
count, serum total cholesterol, triglycerides, fibri­
nogen and C-reactive protein (CRP)(30). The earlier 
claims of correlations between H. pylori seroposi­
tivity and cardiovascular risk factors may be ex­
plained by chance or preferential publication of posi­
tive results. 

Chlamydia pneumoniae 
The evidence for a link between C. pneu­

moniae and CAD is much stronger than any other 
infectious organism. In 1988, Saikku et a! reported 
the first evidence suggesting a role of C. pneumo­
niae infection in CAD patients. Since then, the pos­
sible etiological link has been widely investigated 
in both seroepidemiological studies and by demon­
stration of the organism in atherosclerotic plaques 
using various techniques for example ELISA, PCR, 
electron microscopy and isolation in tissue culture 
(31-37). Moreover, the presence of circulating C. 
pneumoniae-specific immune complexes in a high 
proportion of CAD patients suggests the persistence 
of chronic infection(38). Recently, Danesh et al 
reviewed published seroepidemiological studies and 
showed that a raised anti-C. pneumoniae antibody 
titer was associated with a 2 - 4 fold increased pre­
valence of CAD(39). More convincing evidence for 
a causative role of C. pneumoniae infection and 
atherosclerosis comes from studies that demonstrated 
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C. pneumoniae DNA, protein and elementary bodies 
in human arterial tissue and peripheral blood mono­
nuclear cell (PBMC) using molecular techniques. 
Nearly 20 published pathological studies revealed 
C. pneumoniae was present in arterial tissue in 52 
per cent of atheromatous lesions but in only 5 per 
cent of control samples giving a weighted odds ratio 
of approximately 10 (95%CI = 5- 22)02,35,40-42). 
In addition, C. pneumoniae has been cultured from 
coronary atheroma, further indicating that the orga­
nism is viable within atheromatous plaque(43). The 
demonstration of the living organism within athero­
matous plaque does not, however, establish a causal 
relationship between C. pneumoniae and athero­
sclerosis. The possibility that C. pneumoniae is an 
"innocent bystander" must also be considered. 

While there is increasing evidence of an 
association between C. pneumoniae and CAD, a 
clear mechanism of action of C. pneumoniae-induced 
atherosclerosis has not yet been established. It is 
likely that macrophages become infected with C. 
pneumoniae in the lungs and reach the atheromatous 
lesion via the blood stream. The organism may 
persist in the macrophages making any association 
between the presences of C. pneumoniae and athero­
sclerosis purely coincidental. Conversely, evidence 
that C. pneumoniae is associated with atherosclero­
sis by inducing foam cell development has been 
reported by Kalayoglu et al(44). A variety of mecha­
nisms have been proposed to explain the link be­
tween infection and atherosclerosis. These include 
the role of infection in initiating and perpetuating 
initial damage. Infection with C. pneumoniae may 
induce a chronic immune response orchestrated by 
cytokines that may result in direct damage to the 
endothelium, increased synthesis of acute-phase 
proteins or alteration of plasma lipid profile( 45-49). 
Activation o( monocytes may also leli3 to increased 
expression of procoagulant factors, which increase 
the risk of thrombus formation. 

Attempts to establish whether C. pneumo­
niae has a causal role in atherosclerosis and CAD 
have been hampered by diagnostic difficulties. At 
present, the identification of persons with C. pneu­
moniae infection of atherosclerotic arteries depends 
entirely on the examination of vascular tissues 
removed during surgical procedures. A better assay 
to identify vascular infection is needed. Directed 
detection methods based on peripheral blood com­
ponents might be more useful markers of infection. 
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In 1997, Naidu et al demonstrated C. pneumoniae 
DNA in sera of a large proportion of subjects with 
either MI or chronic CHD, much more frequently 
than in sera from age- and gender-matched controls 
without CHD(50). This finding suggests that DNA 
might be liberated continuously or intermittently 
from C. pneumoniae organisms in vessels or else­
where. Subsequently, many investigators tried to 
detect C. pneumoniae in peripheral blood mono­
nuclear cells (PBMC) by using a nested PCR 
method. Maass et al in Germany, Boman et al in 
Sweden, Wong et al in the United Kingdom and 
Mahony et al in Canada independently confirmed 
positive identification of C. pneumoniae within 
PBMC of patients with CAD(51-54). In the future, 
blood-based PCR assays may become valuable for 
identifying patients persistently infected with C. 
pneumoniae. 

In both rabbit and mouse models, several 
studies have reported that C. pneumoniae contri­
butes to the progression of atherosclerosis(55-58), 
and in conjunction with hyperlipidemia, it results 
in the exacerbation of lesion progression. In New 
Zealand white rabbits fed a high fat and high cho­
lesterol diet, C. pneumoniae infection has been 
shown to increase maximal intimal wall thickening. 
This effect was reversed by treatment with anti­
chlamydia! antibiotics such as azithromycin(59,60). 
In the ApoE-deficient mouse model, repeated C. 
pneumoniae infection has been shown to accelerate 
lesion progression(6l). In low-density lipoprotein 
(LDL)-receptor knock out mice, which were more 
susceptible to atherosclerosis when fed atherogenic 
diet, C. pneumoniae infection has also been shown 
to accelerate lesion progression(62). A somewhat 
more controversial issue is whether C. pneumoniae 
infection alone can induce atherosclerosis and, if so, 
whether single or repeated infections are required. 
Cumulative evidence from animal models supports 
a pathogenic role for C. pneumoniae in atherosclero­
sis, with it being at the site of lesion formation. In 
the mouse model, infected macrophages dissemi­
nate the infection and establish persistent infection 
of the aorta in foam cells within atherosclerotic 
lesions(63,64). This simulates human infection, in 
which the organism has also been found in foam 
cells. Finally, there is evidence that C. pneumoniae 
infection can accelerate the progression of athero­
sclerosis in conjunction with hyperlipidemia and ini­
tiate histopathological changes in the aorta in the 
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mouse and rabbit models. Whether infection alone 
can induce definitive atherosclerosis is a question 
worthy of further investigation. 

Gupta et al reported the first application 
of antichlamydial therapy in human atherosclerotic 
disease in 1997(65). In this study, 220 men with 
stable symptoms after myocardial infarction were 
stratified into three groups on the basis of serum lgG 
antibodies against C. pneumoniae: I) no detectable 
antibodies, 2) seropositive with titers of I :8 to I :32, 
and 3) seropositive with titers of I :64 or more. The 
60 subjects in the high-titer group were randomized 
to receive placebo or azithromycin. After I8 months' 
follow-up, the results showed that there was a 4-
fold greater risk of experiencing adverse cardiovas­
cular events if baseline anti- C. pneumoniae anti­
body titers were elevated (odds ratio 4.2 (95% CI 
1.2-15.5, p = 0.03)). For the high-titer group receiv­
ing antibiotic therapy, the adjusted odds ratio was 
0.9 (95% CI .. 0.2-4.6, p > 0.5), the same as that for 
the seronegative group. Furthermore, treatment with 
azithromycin was associated with a fall in antichla­
mydial IgG titer. In the same year, Gurfinkel et al 
compared a different macrolide, roxithromycin, with 
placebo in more than 200 patients with acute coro­
nary syndromes(66). The study was plagued by a 
low rate of coronary events and a high dropout rate; 
approximately 30 per cent of treated and placebo 
patients failed to complete the 30-day study. There 
was no significant difference between subjects and 
controls in the occurrence of the single endpoints. 
However, when these three were combined into a 
triple endpoint, the treatment group showed a statis­
tically significant reduction. The number of events 
decreased in both patients who completed the 30-
day course of therapy and those who completed only 
72 hours of therapy. In contradiction to Gupta' s 
study, antibiotic therapy had no effect on anticha­
mydial IgG titers. The recently reported ACADEMIC 
(Azithromycin in Coronary Artery Disease: Elimina­
tion of Myocardial Infection with Chlamydia) study 
examined the effects of azithromycin and placebo 
in three-morlth' s treatment of CAD patients(67). 
This study was similar to that performed by Gupta 
et al, although the sample size was much larger 
(300 vs 60 subjects) and the treatment regimen was 

more intensive. Markers of inflammation such as 
CRP and interleukin-6 were decreased at six months 
in the group that received azithromycin, but there 
was no significant change in antichlamydial lgG 
titers and no difference in the incidence of clinical 
cardiovascular events, compared with the placebo 
group. 

At least three large-scale secondary preven­
tion trials are now under way. WIZARD (Weekly 
Intervention with Zithromax against Atherosclero­
tic-Related Disorders) will examine the effects of 
three months of once-weekly azithromycin therapy 
in 3,500 patients who have had myocardial infarc­
tions and who have antichlamydial antibodies. Fol­
low-up is planned for 2.5 years. The second trial, 
ACES (Azithromycin and Coronary Events Study), 
will enroll 4,000 patients with documented CAD 
irrespective of antibody status. The treatment group 
will receive once-weekly azithromycin, and all sub­
jects will be followed for four years. The third trial, 
MARBLE (Might Azithromycin Reduce Bypass-List 
Events?), aims to randomize around I,300 CABO­
waiting list patients to an azithromycin regimen 
identical to that in the WIZARD trial, or to placebo, 
and to assess whether the antibiotic reduces the inci­
dence of cardiovasc•Jlar events occurring before the 
surgery. 

SUMMARY 
The mechanisms by which infection might 

induce atherogenesis may be direct or indirect. 
Atherosclerosis is now regarded as a chronic inflam­
matory disease and evidence is growing that infec­
tion may be a cardiovascular risk factor which plays 
a role in perpetuating the inflammation. While asso­
ciations of various infections with atherosclerosis 
have been reported, the evidence is strongest for C. 
pneumoniae. As yet, there is no proof of the pos­
sible causative role of C. pneumoniae in athero­
sclerosis, but the potential for prevention or treat­
ment has been sufficient to prompt the initiation of 
therapeutic clinical trials with antichlamydial anti­
biotics. If the results of the antibiotic intervention 
trials confirm this hypothesis, the implications for 
global health will be enormous. 
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