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Summary: Established cardiovascular risk factors do not ful- 
ly explain the variations in the prevalence and severity of cor- 
onary heart disease. Recent evidence suggests that common 
chronic infections may contribute, either by direct or indirect 
mechanisms, to the etiology and/or progression of coronary 
atherosclerosis. Of the candidate infectious agents implicated, 
Chlamydia pneumoniae has emerged as the most likely path- 
ogen to have a causal role. Evidence for this is based on sero- 
epidemiologic, pathologic, and laboratory-based evidence, in 
addition to recent small-scale antibiotic intervention studies. 
Concerted efforts are now focused on the design of large pro- 
spective trials with antibiotics active against C. pneumoniae in 
the secondary prevention of coronary heart disease. 

Key words: Chlamydia pneumoniae, atherosclerosis, coro- 
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Introduction 

It is important to identify the cardiovascular risk factors 
which explain the occurrence or predict the severity of coro- 
nary heart disease (CHD). Not infrequently, however, one en- 
counters a patient with severe CHD who is a nonsmoker, nor- 
motensive, nondiabetic, with a normal lipid profile and a 
blameless family history and lifestyle. In fact, established 
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atherogenic risk factors probably account for no more than 
half of the known variations in pathogenesis, prevalence, and 
severity of CHD.’ This deficiency in our knowledge has 
prompted research into other potential and hitherto unrec- 
ognized influences in atherogenesis. Recently, there has been 
increasing interest in the possible role of common chronic in- 
fections in the development of atherosclerotic disease. This 
review discusses the infectious agents that have been impli- 
cated with atherosclerosis and, in particular, focus on the or- 
ganism for which evidence is strongest-C. pneumoniae. 

Chronic Infection and Mechanisms of Atherogenesis 

The “response to injury” model of atherosclerosis states 
that infection may trigger and aggravate endothelial dam- 
age.2 There are also several other direct and indirect mecha- 
nisms, by which infections might initiate or perpetuate athero- 
sclerosis. (Table I). Endotoxin secreted by bacteria triggers 
vascular damage in rabbit3 and pig4 models of atherosclerosis, 
and has been shown to bind to lipoproteins in the circulation, 
some of which are then avidly taken up by macrophages. 
Infection and activation of macrophages or smooth muscle 
cells may lead to production of cytokines, major histocompat- 
ibility complex upregulation, and synthesis of acute phase pro- 
teins such as fibrinogen and C-reactive protein-processes 
which would perpetuate an inflammatory resp0nse.j Infec- 
tions may also directly affect cholesterol metabolism and lipid 
oxidation? thereby leading to a more atherogenic lipid profile. 

Infection may lead to a hypercoaguable state, via increased 
tissue factor expression, following the activation of mono- 
cytese7 This may increase the risk of local or distal thrombo- 
sis. Infection of endothelial cells may also alter thrombin gen- 
eration on the cell surface, increase platelet accumulation, or 
reduce prostacyclin secretion.* 

Candidate Pathogens in Atherogenesis 

Herpesviruses 

Studies in the late 1970s demonstrated that infecting chick- 
ens with Marek‘s disease virus (an avian herpesvirus) lead to 
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TABLE I Possible mechanisms by which infections may contribute 
to atherosclerosis 

Endothelial cell damage by bacterial lipopolysaccharide 
Lipoprotein disturbances and endotoxin-lipid complex formation 
Monocyte activation and triggering of cytokine production 
Increased \ynthesis of acute phase proteins and inflammatory 

Enhanced activity of hemostatic and procoagulant mediators 
Heat \hock protein expression and immune cross reactivity 
Other-electrolyte disturbances, glucose intolerance, platelet 

markers 

activation 

aggressive lipid deposition within coronary arterial walls,9 
forming lesions that resembled human fibro-fatty athero- 
sclerotic plaques. Prior vaccination of the animals reduced the 
Occurrence of such lesions.I0 

In humans, cytomegalovirus (CMV) antigens (but not in- 
fectious virus) have been found in carotid endarterectomy 
specimens," and CMV DNA has been identified in coronary 
atherectomy specimens from arteries that had restenosed af- 
ter previous coronary angioplasty.12 In a prospective study, 
Zhou et ul. found that patients with previous CMV infection 
had a high independent risk of restenosis afier coronary angio- 
plasty43% in those with CMV IgG antibodies versus 8% 
in seronegative patients.13 These investigators proposed that 
angioplasty-induced vessel wall injury might reactivate latent 
CMV infection and enhance the smooth muscle cell prolifera- 
tion typical of restenosis. By contrast, in a nested case-control 
study involving patients with asymptomatic carotid artery 
thickening and controls without such disease, Sorlie et al. 
found only a weak independent association between CMV 
seropositivity and atherosclerotic disease. l4 Recently, Kol et 
ul. could find no expression of CMV gene mRNA (an early 
marker of viral replication and hence active infection) in 
atherectomy specimens from 40 patients with ischemic heart 
disease"-further evidence against the a causative role for 
locally active CMV infection in atherogenesis. 

Cytomegalovirus infection is much more clearly linked 
with accelerated allograft vasculopathy in transplanted hearts. 
Such atherosclerosis usually comprises diffuse smooth mus- 
cle cell proliferation and collagen accumulation; atheroma- 
tous plaques are uncommon.16 Among consecutive heart 
transplant recipients in Stanford, Grattan showed that, com- 
pared with CMV-negative patients, CMV-positive individu- 
als were at higher risk of developing early and fatal athero- 
sclerosis (actuarial mortality rates 10 versus 30%, respec- 
tively).I7 These observations have been confirmed by other 
investigators. l 8  

Winter Respiratory Infections 

The incidence of myocardial infarction may be 2040% 
higher during winter and spring than in summer and autumn,19 
possibly due to seasonal respiratory infections.20 Influenza 

epidemics have been associated with increased cardiovascular 
mortality in winter.21 Evidence of direct involvement of in- 
fluenza in acute coronary syndromes is, however, lacking. 

In a prospective hospital-based case-control study, Spo- 
dick et al. found that in the 2 weeks preceding admission 
common cold or flu-like symptoms had occurred in 42 of 1 SO 
(28%) patients with myocardial infarction and 33 of 150 
(15%) controls without cardiorespiratory disease (odds ratio 
2.2).2* A prospective study in the United Kingdom found in- 
creased fibrinogen levels in winter (compared with other sea- 
sons)*%at correlated with elevated neutrophil counts. 
coryzal, and cough symptoms. The researchers suggested that 
mild respiratory infections might have activated acute phase 
reactants, and hence caused the raised fibrinogen levels. 

Helicobacterpybri Infection 

Helicobacterpylon is a bacterial infection, mainly acquired 
in childhood, that colonizes the stomach and causes peptic 
ulcer disease and type B gastritis.24 Interest in a possible asso- 
ciation between H. pylon and CHD originated from earlier ob- 
servations of associations between peptic ulceration and 
CHD.25 In case-control studies, seropositivity to H. pylori, 
correlated significantly with both angiographically diagnosed 
CHD and myocardial infarctiot1.2~9~~ Furthermore, Pate1 et ril. 
also showed an association between H.  pylori and a number 
of serumcardiovascularrisk markers such as leukocyte count, 
Factor VIIa, C-reactive protein, and fibrinogen.'8 The investi- 
gators postulated that the association with markers of cell ac- 
tivation and inflammation indicated how common infections 
like H. pylorimight contribute to atherogenesis. However, two 
subsequent studies have failed to show any such relationship 
between coagulation and inflammatory markers with H. p ~ -  
tori infection.29. 30 Furthermore, a large prospective study re- 
cently showed that an association between H. plori  infection 
and increased risk of myocardial infarction and stroke was 
substantially confounded by the relationships between the in- 
fection, social class, and other cardiovascular risk factors.3' 
Upon considering prevalence data from developed nations, 
other observers have even suggested a negative association 
between seropositivity to H. pylori and deaths from CHD.32 

There are no datadocumenting thedirect involvement of H. 
pylon' in the pathogenesis of atherosclerotic plaques. A recent 
study examining aortic plaque tissue from patients undergoing 
abdominal aortic aneurysm surgery found no evidence of H. 
pyfori presence using polymerase chain reaction techniques, 
notwithstanding a high seroprevalence observed in the cohort 
(47 of 5 1 patients, 92%)." 

Chronic Dental Sepsis 

Dental infections have also been proposed as a risk factor 
for coronary events, but prospective data are lacking. In a large 
cross-sectional survey of nearly 1,400 Finnish men, there was 
a two-fold risk correlation for a history of CHD in persons 
who had lost over half of their teeth compared with those with 
more teeth.34 This association was independent of age, height, 
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and educational status. Possible mechanisms include direct 
endothelial damage caused by gram-negative bacteria or indi- 
rect increases in fibrinogen, C-reactive protein, and hemostat- 
ic markers caused by dental sepsis. However, any link be- 
tween dental hygiene and CHD may simply reflect health 
habits in general rather than a causal relationship between 
dental sepsis and atherosclerosis. 

The evidence presented above suggests that none of the in- 
fectious agents discussed is clearly implicated in atherogene- 
sis. Available data are patchy, inconsistent, and in some in- 
stances conflicting. The positive association between CMV 
and restenosis has largely come from a single-center experi- 
ence. The proposed link between dental sepsis and CHD is 
based on case-control studies with scant prospective evidence. 
The original finding suggesting correlation between H. pylon 
seropositivity and CHD has now been superseded by larger 
studies taking account of confounding factors. In contrast to 
the position with other infective organisms, there is ample ev- 
idence to suggest C. pneurnoniue probably has a causative role 
in atherosclerosis and CHD development. This evidence is 
discussed below. 

The Role of Chlamydiapneumoniae in Atherogenesis 

The Organism 

C. pneumoniue, first recognized as a distinct chlamydia 
species in 1 989,jS is an obligate, intracellular, respiratory 
pathogen. Most acute infections are subclinical or cause only 
benign "flu-like" symptoms; rarely is the infection life-threat- 
ening.3h The prevalence of antibodies to C. pneumoniae in- 
creases with age and is about 50% in middle-aged adults 
throughout the 37 The primary significance of C. 
pneumoniae in human disease is its ability to cause chronic 
infections. The infection has been associated with several 
chronic inflammatory conditions, in particular atherosclero- 
sis and CHD.3M2 

C. pneurnoniae Antibodies and Coronary Heart Disease 

In 1988, a Finnish case-control study demonstrated that 
patients with recent myocardial infarction had significantly 
elevated IgG and TgA antibody titers against C. pneumoniae 
compared with controls."2 Most patients (68%) also had an 
antibody response against an epitope of Chlamydia lipopoly- 
saccharide, an antibody present in only 3% of controls. The 
investigators suggested that acute myocardial infarction 
might be associated with an acute exacerbation of chronic C. 
pneumoniae infection. The association between elevated an- 
tibody titers against C. pneumoniae and atherosclerosis has 
been confirmed by American41- 439 44 and further European 
studies, including three investigations conducted in the 
United 

In a nested case-control study using sera collected pro- 
spectively in the Helsinki Heart Study,'" elevated IgA titers 
against C. pneumoniae and the presence of immune complex- 

es containing C. pneumoniae lipopolysaccharide antigen 
were associated with an increased risk of developing a cardiac 
event 3-6 months after serological examination (odds ratio 
2.3,95% confidence index 1.3-5.2), independent of age, hy- 
pertension, and smoking habit. Patients with persistent high 
titers in the study (suggesting chronic infection) were more 
likely to suffer a cardiac event. 

In Seattle, investigators have shown that in patients under- 
going coronary angiography, those who had an elevated IgG 
titer against C. pneumoniae (a marker of previous or chronic 
infection) had a two-fold increased risk of having angiograph- 
ically detectable coronary artery disease,44 an association 
which weakened when smoking status was entered into the 
model. Smokers have lower levels of circulating immunoglo- 
bulins than nonsmokers$8 consistent with their increased sus- 
ceptibility to respiratory infections. Hahn and Golubjatnikov 
showed a small but significant association between smoking 
and seroconversion to C. pneum~niae?~ and suggested that C. 
pneumoniue respiratory infection in such patients might ac- 
count for any supposed link between smoking and CHD. 
However, other investigators have shown that, even after 
controlling for cigarette smoking (and other traditional risk 
factors), C. pneumoniue remains as a independent risk factor 
for CHD.40947 

Recently, investigations in our institution have shown an as- 
sociation between seropositivity to C. pneumoniue and preva- 
lent CHD in a community cross-sectional survey,"" thereby 
corroborating the findings of Finnish and American inves- 
tigators. In particular, there was a strong correlation between 
an elevated IgG titer of 21/64 and CHD that was independent 
of conventional risk factors, age, and social class. In the same 
study it was shown that IgA and IgG C. pneunioniae titers ofa 
group of men (age 45-65 years) with angiographic coronary 
artery disease were significantly higher than those in controls 
with normal electrocardiographs and without angina.An ex- 
tension of this primary investigation showed that elevated 
levels of serum cardiovascular risk factors (fibrinogen, Factor 
VIIa, leukocyte count, and C-reactive protein) were associat- 
ed with an elevated C. pneumoniae antibody titer, suggesting 
that deleterious effects of infection in atherosclerosis may be 
mediated by activation of inflammatory and procoagulant 
markersF8 In two other recent 51 a significant pro- 
portion of patients admitted with acute myocardial infarction 
or unstable angina had serological evidence of chronic or pre- 
vious C. pneumoniae infection. The studies provide further 
evidence of an association between serological markers ofin- 
fection and acute ischemic events. 

Elevated C. pneumoniue antibody titer is also linked to 
atherosclerosis in noncardiac arteries. In a case-control study, 
Melnick etal. reported that 73% of adults with asymptomat- 
ic carotid artery thickening (on ultrasonography) had raised 
levels of IgG antibodies to C. pneumoniae infection com- 
pared with 63% of controls?3 After adjustment for blood 
pressure, dmbetes mellitus, cigarette smoking, low-density 
lipoprotein cholesterol, and education, there was still a two- 
fold risk for carotid atherosclerosis in those with elevated C. 
pneumoniae titers. 
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The serological studies can be criticized with regard to the 
controls used, the borderline statistical significances some- 
times found, and C. pneumoniae titer cut-offs arbitrarily se- 
lected to indicate seropositivity. Whether an elevated antibody 
titer is a reliable indicator of underlying C. pneumoniae infec- 
tion or simply a reflection of antigenic cross reactivity also re- 
mains unclear. Evidence for a causal association is also limited 
by the wide variation in antibody responses to this organism 
secondary to differences in infective dose, mode of infection, 
or previous exposure. 

C. pneumoniae Identified within Atheromatous 
Plaque Tissue 

Clearer evidence for an association between C. pneumoni- 
ue and atherosclerosis has come from tissue examination of 
plaque material. In one study, C. pneumoniae was detected by 
both the polymerase chain reaction and immunohistochemi- 
cal analysis of coronary atheroma from autopsy specimens 
(Fig. I ).38 Of 36 subjects dying of noncardiac causes, the or- 
ganism was detected in 20 (56%). C. pneumoniue was identi- 
fied only within sites of tissue damage and not found in nor- 
mal tissue adjacent to the sclerotic lesions, nor in normal 
coronary arteries from 11 control patients.3* Recently, similar 
diagnostic methods have detected C. pneumoniue in atherec- 
tomy specimens from patients with angina52 and in atheroma- 

tous arteries of patients with other vascular diseases.’?, j4 

Muhlestein et al. tested for the presence of C. ptieumonicic in 
both arterial specimens from 90 patients who underwent 
coronary atherectomy for symptomatic angina,” and 24 con- 
trol specimens from subjects without atherosclerosis (either 
normal coronary arteries from patients dying of noncardiac 
causes, or diffusely diseased coronary artery tissue from pa- 
tients with chronic transplant rejection at autopsy or repeat 
heart transplantation). Tissue specimens from patients with 
CHD were more frequently positive for C. pneumotziue than 
thosefrom tocontrols(79 vs.4%,p<O.o01). 

Laboratory Evidence 

The presence of C. pneumoniae within coronary atheroma 
implies that the organism must be conveyed from the lung to 
allow infection of the cellular components of coronary arter- 
ies. Monccytes/macrophages probably play an important role 
in perpetuating chronic chlamydia1 infections and may act as 
vehicles for dissemination of the organism. Circumstantial ev- 
idence of such dissemination and of local infection at the cite 
of the coronary artery has been provided by Gaydos et ~ 1 . ’ ~  
They showed that strains of C. pneumoniae could replicate 
within a macrophage cell line, human aortic-derived endothe- 
lid cells, and smooth muscle cells. Whether such growth of 
the organism actually occurs in vivo in these cell types has not 

FIG. I 
in inset point to elementary bodies, Bar= 0.5 pm. Reproduced from Ref. No. 38 with permission of University of Chicago Press. 

Transmission electron micrograph of endosomes in foam cell with elementary bodies of C~zlum?,diapr?e~~onitre. N = nucleus. Arrows 
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been established. The recent isolation and growth of viable C. 
pneumoniue from atherosclerotic tissue of a patient with se- 
vere CHD is intriguing, but not yet ~ubstantiated.~~ 

Some investigators have attempted to create an animal 
model to investigate the possibility of a direct causal relation- 
ship between C. pneumoniue infection and atherogenesis. 
Laitinen and Saikku intranasally inoculated New Zealand 
White rabbits with C. pneumoniue organisms, followed by 
reinoculation 3 weeks later.58 They observed that two of four 
rabbits developed early signs of fibrous plaques in the aorta, 
and 5 weeks following primary infection three of five animals 
developed plaques in the ascending aortas. These positive 
cases also demonstrated positivity against genus-specific C. 
pneurnoniue antibodies. A series of control animals had no 
signs of atherosclerosis. 

C. pneumoniae and Macrophage Activation in 
Atherogenesis 

How C. pneumoniue enters atheromatous plaques and 
whether it has a direct causal role in the atherosclerotic pro- 
cess is not clear. Following pulmonary infection, C. pneumo- 
niue may spread systemically, carried within monocytes and 
macrophages. The consequences of C. pneumoniue uptake 
by macrophages and the mechanisms of damage at the site of 
the coronary artery are not known. There are, however, sever- 
al possibilities (Fig. 2). The organism may simply reside in 
the macrophage without causing any harmful effects, and any 
association may be purely coincidental. Alternatively, chron- 
ic macrophage infection may contribute to local inflamma- 
tion and development of atheromatous plaques. This process 
may be analogous to the pathogenesis of trachoma, where the 
closely related C. truchomutis causes blindness as a result of 
fibrosis that follows conjunctival infiltration by macrophages 
and  lymphocyte^.^^ Fibrosis may develop in some individu- 

als many years after the original infection, possibly as a result 
of hypersensitivity rather than as direct effects of the organ- 
ism itself. C. pneumoniue infection may induce a chronic im- 
mune activation (mediated by cytokines such as 1L-6, and 
TNF-alpha60) that contributes to direct chronic endothelial 
cell damage or stimulates the synthesis of acute phase pro- 
teins such as fibrinogen6' and C-reactive protein.6' Of inter- 
est, a 57 kDa chlamydial heat shock protein has been identi- 

that has close homology with mycobacterial heat shock 
protein (which is linked with atherosclerosisH). Thus, im- 
mune cross reactivity could occur. Finally, since C. pnerrmo- 
niue titers show a weak correlation with important procoagu- 
lants such as plasma fibrinogen and Factor VIIa concentra- 
tion,28 chronic infection may produce a hypercoaguable state 
with increased risk of coronary thrombosis. This could be 
mediated either by monocyte-derived procoagulants such as 
tissue f a~ to r ,~  by circulating immune complexes, or via 
monocyte-derived cytokines. 

Antichlamydial Therapy and Coronary Heart Disease: 
Pilot Studies 

Preliminary results from the first pilot study of antimicro- 
bial therapy in CHD have been presented recently.6s It pro- 
vides further evidence for the involvement of Cpneumonitre 
in CHD. 

Sixty male survivors of myocardial infarction with elevated 
antibodies to C. pneumoniue were randomized to receive the 
azalide antibiotic, azithromycin-a potent antichlamydial 
agent-or placebo. Those given the antibiotic had a significant 
fall in markers of monocyte activation and inflammation (in- 
cluding total leukocyte and monocyte count, monocyte inte- 
grins CDl lb and CDl lc, and fibrinogen) compared with the 
placebo group. Furthermore, a greater proportion of patients 
in the azithromycin-treated group had a fall in C. pneunioniue 

Activated 

monocyte 

Pulmonary macrophage 

/ 

TF 

Cytokines / \  
Clotting casade 

/ \  

TG t t CRP 
t Fib HDL 4 

/ \  Thrombin f 

Atherosclerotic plaque 

FIG. 2 Possible mechanisms by which Chlumydiupneumoniue may act in atherosclerosis (modified from Ref. No. 68. with permission): CP = 
Chlumydiu pneumonine, TF = tissue factor, CRP = C-reactive protein, Fib = fibrinogen, TG = triglycendes, HDL = high-density lipoprotein 
cholesterol. 
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U ’  
CD- CD+I CD+PL cp+AZ 

=40 n=40 
Group 

Fici. 3 Frequency of cardiovascular events in 213 postmyocardial 
infarction male patients during 18 month follow-up. cp- seronega- 
tive C. pneumoniue titer group, cp+I intermediate C. pneumoniue 
titer group, cp+PL high C. pneumo~iae titer group given placebo, 
cp+AZ high C. pneumoniue titer group given azithromycin. 

antibodies than occurred in the placebo group. The findings 
support the hypothesis that C. pneurnoniue may be linked with 
atherosclerosis via the upregulation of cell activation markers. 

In an opportunistic study, the clinical outcome of 213 post- 
myocardial infarction patients was investigated66 to check 
whether there was any relationship between C. pneumoniue 
antibody titer (negative, intermediate, and high) and adverse 
cardivascular event rate (cardiovascular death, nonfatal my- 
ocardial infarction, admission with unstable angina, urgent 
coronary revascularization) over a follow-up period of 18 
months. Whether patients given azithromycin had a more fa- 
vorable clinical outcome was also investigated. 

Increasing C. pneumoniue antibody titer correlated signif- 
icantly with the risk of developing an adverse cardiovascular 
event, but the frequency of such events was attenuated in the 
group receiving azithromycin (Fig. 3). Even after controlling 
for confounding factors there was still a four-fold risk for 
further events in the high-titer patients receiving placebo 
compared with the seronegative group [odds ratio 4.2 (95% 
confidence interval 1.2-15.5, p = 0.03)]. For the high-titer 
group receiving antibiotic therapy, the adjusted odds ratio was 
0.9 (0.2-4.6, p = NS), the same as that in the seronegative 
group. The results show a potential benefit from antibiotic 
therapy used as a secondary preventative measure in selected 
patients post myocardial infarction. 

Preliminary results from a study by Gurfnkel et ul. in 
Argentina has shown a significant reduction in the incidence 
of cardiovascular events in patients with acute coronary syn- 
dromes receiving the antibiotic roxithromycin compared with 
patients given placeb0.6~ 

The exciting findings of these early antibiotic studies have 
prompted the design of large prospective trials of eradication 
of C. pneurnoniue in patients with CHD. 

Conclusion 

C. pneurnoniue appears to be a plausible candidate for the 
initiation or modulation of atherogenesis. The organism might 

be acting with or independently of other cardiac risk factors. 
Atherosclerosis may turn out to be a chronic inflammatory 
condition with a treatable infective cause (analogous with 
HeEicobucterpylori infection in peptic ulceration). Definitive 
evidence of C. pneumoniue ’s causative role in atherosclerosis 
will only derive from large prospective antibiotic eradication 
(and eventually vaccination) studies.68 C. pneurnoniue infec- 
tion is common and treatable. If the large-scale eradication 
trials currently being designed show conclusive long-term 
clinical benefit, antibiotics may prove valuable in combating 
the present “epidemic” of coronary artery disease. The poten- 
tial implications for public health world-wide are obviow. 
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