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Role of Infection as a Risk Factor for Atherosclerosis, Myocardial Infarction,
and Stroke
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An increasing body of evidence has linked infections to atherosclerosis and thrombosis. Herpes-
viruses cause atherosclerosis in experimental animals. Herpesviruses can also be detected in athero-
sclerotic lesions in humans. Cytomegalovirus may play a role in arteriosclerosis in transplanted
hearts, and this virus, together with tumor suppressor protein p53, can be found in restenosis lesions
following angioplasty. Chlamydia pneumoniae and dental infections are associated with coronary
heart disease in cross-sectional and longitudinal studies, and preceding respiratory infections are
associated with ischemic stroke. Infections may favor formation of atherosclerosis and thrombosis
by elevation of blood levels of fibrinogen, leukocytes, clotting factor, and cytokines and by alteration
of the metabolism and functions of endothelial cells and monocyte macrophages. Low-grade infec-
tions may also be one of the causes of the inflammatory reaction observed in atherosclerotic lesions
and acute ischemic symptoms, reflected in elevated levels of C-reactive protein. These observations
warrant further studies in this field.

The development of atherosclerosis in arterial walls, with in detail, and some immunologic phenomena observed in pa-
tients with atherosclerosis-related diseases, like the presencecomplications such as chronic coronary heart disease (CHD),

acute myocardial infarction (AMI), and ischemic stroke, has of anticardiolipin antibodies, are considered beyond the scope
of this review.remained one of the leading causes of death and morbidity in

Western industrialized countries. The classic risk factors for
these disease entities do not explain all their clinical and epide-
miological features. An increasing body of evidence suggests Atherosclerosis
that infections also play a role, an idea proposed by Sir William

Atherosclerosis is the common background behind acuteOsler in the beginning of this century [1]. Inflammation, one
myocardial infarction, unstable angina, and ischemic stroke.of the causes of which may be low-grade infections, has been
Therefore, it is important to elucidate the relation of infectionsshown to be associated with atherosclerosis and acute coronary
to atherosclerosis; indeed, many different viral and bacterialsyndromes [2].
infections have been linked with the disease.It should be emphasized that this ‘‘infection hypothesis’’

regarding cardiovascular diseases does not argue against the
role of the classic coronary risk factors. Infections may in fact

Virusesact through or in concert with the same elements as the classic
risk factors, e.g., serum lipoproteins or thrombus formation. Herpesviruses. The observation in the late 1970s that a

The atherosclerotic process may begin in childhood, and herpes-type DNA virus of chickens (Marek’s disease virus)
as discussed later, it is possible that childhood infections are causes atherosclerosis closely resembling that seen in humans
involved in this process; thus, infections and atherosclerosis meant a new emergence of the infection hypothesis regarding
may be tightly linked throughout human life. CHD. The atherosclerotic lesions developed also in normo-

This article reviews the recent evidence linking infections cholesterolemic virus-infected chickens; a cholesterol-rich diet
to various forms of atherosclerosis and its complications, with changed the lesions from proliferative to fatty and fatty-
emphasis on the most recent findings in humans. Pure inflam- proliferative. The virus could be found in the arterial walls by
matory reactions (quite arbitrarily defined) are not described immunofluorescence techniques [3]. Cultured chicken aortic

smooth-muscle cells infected with this virus were also shown
to contain higher amounts of cholesterol and other lipids than
noninfected cells [4]. A twofold increase in cholesteryl esterReceived 31 March 1997; revised 16 October 1997.

Reprints or correspondence: Dr. Kimmo Mattila, Bayer Finland, Suomalais- synthetic activity and a significant reduction in lysosomal and
tentie 7, 02270 Espoo, Finland. cytoplasmic cholesteryl ester hydrolytic activity were observed
Clinical Infectious Diseases 1998;26:719–34 in postmortem analysis of aortic wall specimens [4, 5]. What’s
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1058–4838/98/2603–0027$03.00 more, Marek’s disease virus–induced atherosclerosis could be
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prevented by administering herpesvirus from turkeys as a vac- The contribution of infections to atherosclerosis and resteno-
sis was recently reviewed by Epstein et al. [18]. The abovecine before the infection [6].

Span et al. [7] examined the effect of cytomegalovirus studies clearly indicate that CMV and other herpesviruses can
be found in the arterial walls, which present a site of latency(CMV) on the development of atherosclerosis in rats. Increased

adhesion of leukocytes to aortic intima was observed in CMV- for these viruses. As stated by Hendrix et al. [13], one interpre-
tation of these findings is that herpesviruses may be involvedinfected normocholesterolemic rats, which also developed ath-

erosclerotic lesions resembling those found in noninfected in the pathogenesis of atherosclerosis but that end-stage athero-
sclerosis may no longer be influenced by them. However, be-hypercholesterolemic rats. In hypercholesterolemic rats, CMV

infection further increased the proportion of endothelial cells cause of inflammation in the blood vessel wall, they could
expose the individual to thrombotic complications.containing lipids, as compared with the proportion in hyper-

cholesterolemic noninfected rats. These observations strongly Restenosis of the dilated vessel may occur in up to 50% of
patients after coronary angioplasty. Recently, Speir et al. [19]suggest that herpesviruses can promote atherosclerosis in ex-

perimental animals. found that 38% of restenosis lesions examined contained tumor
suppressor protein p53 and that this correlated with the pres-These studies have been extended to humans. Herpesviruses

are present in atherosclerotic arteries, as shown by Gyorkey et ence of CMV. Smooth-muscle cells from the lesion areas ex-
pressed CMV protein IE84 and contained high amounts of p53.al. [8] in a study of patients with atherosclerosis undergoing

cardiovascular surgery; by Benditt et al. [9] in a study of pa- Furthermore, CMV infection of cultured human smooth-muscle
cells enhanced p53 accumulation, which in turn had a temporaltients undergoing coronary bypass surgery; by Yamashiroya et

al. [10] in a study of the coronary arteries of young trauma association with IE84 expression. These results were given
strong support by the observations of Zhou et al. [20]. In theirvictims; and by Melnick et al. [11], who found the viruses in

cultures of aortic cells and in the carotid arteries of 132 patients prospective study, restenosis after coronary atherectomy oc-
curred in 43% of CMV-antibody positive patients, as comparedundergoing blood vessel surgery. Raza-Ahmad et al. [12] found

histologic evidence of inflammation in 61% of coronary artery with only 8% of CMV-negative patients, a highly significant
difference. It seems likely that CMV, via IE84-mediated inhibi-biopsy specimens taken during bypass grafting, and 45% of

the samples were positive for herpes simplex virus type 2 tion of p53 function, is involved in the development of coronary
restenosis.antigens and 1% for herpes simplex virus type 1 antigens.

What’s more, there was a significant association between recent The major factor limiting long-term survival after cardiac
transplantation is the arteriosclerotic process taking place inoccurrence of cold sores, positivity for herpes simplex virus

type 2, and inflammatory changes in the biopsy specimens. the arteries of the transplanted heart, a phenomenon considered
to represent chronic rejection. Practically all patients survivingThe amount of herpesviruses has been correlated with the sever-

ity of the atherosclerotic process in the arterial tree. CMV nucleic for ú1 year have vascular changes in the cardiac allograft at
autopsy [21]. Morphologically, these changes consist of peri-acids could be demonstrated by PCR in 90% of samples taken

from the abdominal aorta or femoral artery of CMV-seropositive vascular inflammation, focal myocytic necrosis, and concentric
generalized intimal thickening [22].patients undergoing vascular surgery, as compared with 53% of

samples taken at autopsy (performed within 12 hours after death) Nucleic acids of CMV (together with those of herpes simplex
virus and Epstein-Barr virus) can be found with in situ hybrid-from CMV-seropositive individuals with atherosclerosis of maxi-

mal grade I [13]. However, there seems to be no difference in ization in coronary arteries of transplanted hearts [23, 24].
CMV infection has been associated with chronic rejection andthe occurrence of CMV in atherosclerotic and uninvolved aortic

segments within the arterial trees of the subjects studied; CMV arteriosclerosis in cardiac allografts in several [25–27] but not
all clinical studies [28–30].was detected in up to 90% of the samples [14, 15].

A significantly higher prevalence of CMV antibodies and The carefully conducted study by Koskinen et al. [27]
strongly suggests that CMV has a role in cardiac allografthigher titers were observed among patients undergoing vascular

surgery for atherosclerosis than among hyperlipidemic controls arteriosclerosis. These investigators carried out a detailed
analysis of consecutive endomyocardial biopsy specimens andmatched for age, race, and socioeconomic background [16]. It

should be noted that this study is one of few comparing patients coronary angiograms, taken regularly over 4 postoperative
years from 53 heart transplant recipients. For the first 2 post-with atherosclerotic vessel disease with controls matched also

for presence of hyperlipidemia. Sorlie et al. [17] analyzed anti- operative years, CMV infection was significantly associated
with endothelial cell accumulation and thickened intima; thebodies to CMV and herpes simplex type 1 and 2 viruses in

340 matched case-control pairs. Cases had thickened carotid endothelial cell response subsided after this, but the intimal
thickness continued to increase. In coronary angiography,artery walls, as noted in ultrasonographic examinations. How-

ever, no statistically significant association was observed be- CMV infection–associated acceleration of coronary nar-
rowing was marked for 2–3 postoperative years, after whichtween carotid atherosclerosis and any of the viruses in multi-

variate analyses. it subsided.
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Still another form of cardiac allograft vasculopathy, distinct with AMI and chronic CHD than among random controls
matched for age group, sex, and locality [38]. The associationfrom the slowly progressing arteriosclerosis described above

in that it leads to nonfunctioning of grafts within 1 year, has could not be explained by the classic coronary risk factors.
Since this original observation, the association betweenbeen reported by Paavonen et al. [31]. These investigators

observed a strong inflammatory reaction with lymphocyte accu- C. pneumoniae and cardiovascular diseases has been confirmed
and extended in several studies.mulation taking place in the subendothelial space in the intima,

a phenomenon they referred to as endothelialitis. This reaction Individuals with CHD verified clinically with angiography
or ultrasonography carry serological markers of chronicwas also associated with CMV infection, and the investigators

concluded that CMV may play a role in this form of arterial C. pneumoniae infection significantly more often than do
matched random controls. These markers include more preva-injury as well.

The immunosuppressed state of organ transplant recipients lent and higher titers of C. pneumoniae antibodies [39–43]
(positive serology is associated with a 2 to 7 fold risk of CHD)may of course make way for herpesviruses, and this should be

taken into consideration when one interprets these results. and more prevalent circulating immune complexes containing
C. pneumoniae [44]. The latter study indicated that many pa-HIV. Paton et al. [32] described a series of eight HIV-

positive males (five of whom were classified as having AIDS) tients with atherosclerosis seem to have chlamydial compo-
nents in their blood circulation.whose autopsies revealed marked excentric atherosclerotic

changes (up to 80%–90% obstruction) in the coronary arteries. In the study of Thom et al. [40], the association between
CHD and C. pneumoniae seemed to be limited to smokers.These changes were disproportionate for the patients’ young

age (23–32 years) and lack of family history of coronary artery Furthermore, when individuals with normal coronary angio-
grams were used as the control group, the association was nodisease and other coronary risk factors (except for smoking by

some of the individuals). The excentric type of lesions was longer statistically significant. However, the association be-
tween positive C. pneumoniae serology and CHD remaineddifferent from the concentric type observed after cardiac trans-

plantation. The authors concluded that viral infection, either significant even after adjustment for the effect of smoking and
other potential confounders in all other studies cited above.by HIV or coexisting herpesviruses, had probably contributed

to the development of the coronary lesions. Dahlén et al. [43] found that the combination of male sex,
HLA (human leukocyte antigen) DR II genotype 13a or 17,
elevated Lp(a) levels (ú120 mg/L), and IgG titers of ú256

Bacteria
(positive C. pneumoniae serology) was very strongly associated
with CHD (this combination was observed in 14 of 29 patientsBacterial infections and intimal thickenings in the coronary

arteries of infants. Intimal thickenings, composed mainly of with CHD and in 1 of 27 controls). These findings suggest that
genetic susceptibility and an infectious factor are involved insmooth-muscle cell proliferations, can be observed in the coro-

nary arteries even in infancy. These intimal thickenings are C. pneumoniae–associated atherosclerosis, a scenario resem-
bling that occurring in the pathogenesis of reactive arthritis.related to the well-known risk factors of CHD, such as male

sex, place of birth, and family history of CHD [33]. It was In 1992, C. pneumoniae was detected in coronary arterial
fatty streaks and atheromatous plaques with use of electronnoted as early as the 1940s that particularly thick intima layers

in the coronary arteries could be found in the context of pneu- microscopy and/or immunoperoxidase staining [45]. Kuo et
al. found C. pneumoniae in coronary artery atheromas bymonia [34].

This finding has been confirmed and examined in more detail means of immunocytochemistry, PCR, and electron micros-
copy; some 40%–55% of the samples studied were positiveby Pesonen et al. [35] and Kaprio et al. [33]. Their studies

showed that preceding infections, mostly of bacterial origin, by at least one of the techniques [46]. The investigators ex-
tended their studies by showing C. pneumoniae in fatty streaksare associated with intimal thickening and an increased degree

of luminal narrowing, even after adjustment for potential con- and fibrous plaques, where the organism was found both in
macrophages and in smooth-muscle cells [47]. In the materialfounders such as age, gender, and family history of CHD. As

the intimal thickenings are suspected to be precursors of future of Campbell et al. [48], C. pneumoniae was found in 20 of
38 specimens from atherosclerotic vessels, and there was aatherosclerotic lesions, these observations link infections with

CHD from a very early age. trend toward the occurrence of C. pneumoniae more fre-
quently in restenosis (following coronary angioplasty) lesionsKawasaki disease is presumed to have an infectious etiology.

Occurring mostly in children aged£2 years, it carries sequelae than in native lesions. In another study C. pneumoniae was
observed in 5 of 5 carotid artery endarterectomy specimensinto adulthood. The details of this disease are beyond the scope

of this review, but it is common knowledge that some of the with atherosclerotic changes, and it was not found in any of
the 13 normal specimens [49].patients develop CHD at a young age [36, 37].

Chlamydia pneumoniae. Seropositivity for Chlamydia Furthermore, the same investigators have demonstrated that
C. pneumoniae cannot be detected in nonatherosclerotic areaspneumoniae was significantly more common among patients
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of the arteries of young (15–34 years old) individuals [50]. 4% of subjects, and the prevalences of moderately severe and
severe periodontitis were 50% and 20%, respectively.This finding was confirmed by Muhlestein et al., who found

evidence of C. pneumoniae in 79% of atherosclerotic coronary Mattila et al. [63] studied the relation of dental infections to
coronary atherosclerosis in 100 patients with proven CHD bytissue specimens but in only 4% of nonatherosclerotic speci-

mens [51]. On the other hand, Weiss et al. [52] found relating a score based on pantomographic findings (the sum of
the number of periapical lesions, lesions caused by tertiaryC. pneumoniae in only one of 58 atherosclerotic coronary spec-

imens they investigated. caries, vertical bone pockets, and furcation and pericoronitis
lesions), assessed blindly by a single dentist, to the extent ofBlasi et al. found C. pneumoniae in aortic aneurysm samples

from 26 of 51 subjects undergoing abdominal aortic surgery coronary atheromatosis. This was scored on the basis of coro-
nary angiographs, also assessed blindly by a single radiologist.[53]. This observation has been confirmed by Juvonen et al.

[54], who found chlamydial lipopolysaccharide (LPS) and anti- The pantomography index was significantly higher among
those with advanced coronary atherosclerosis, and this associa-gens in abdominal aortic aneurysms but not in control samples

from healthy aortic tissue. tion remained significant in multivariate analysis taking into
account the effect of age, serum lipids, smoking, hypertension,Of note, in the (quite small) materials studied, the presence

of C. pneumoniae in atherosclerotic vessels has not been associ- social class, and other confounders [63].
It could be argued that atherosclerosis is the cause and notated with positive C. pneumoniae serology [48]. On the con-

trary, in the study of Puolakkainen et al. [55], the microbe was the consequence of dental infections; individuals with coronary
atherosclerosis could also have compromised arterial circula-found more often in the vessels in patients with low titers of

IgG to C. pneumoniae. In this study, reactivities with 42-kD and tion in the periodontium. The recent study of Adams et al.
[64], however, strongly argues against this explanation. The52-kD proteins were associated with the microbe’s presence in

the vessel wall. Serology therefore poorly reflects the investigators performed ultrasonographic examination of the
carotid arteries in 350 consecutive patients with angiographi-C. pneumoniae–associated arterial disease status. The above

results should be taken into consideration when further studies cally verified coronary atherosclerosis. Intima-media thickness
in the carotid arteries was correlated with the extent of coronaryin this field are planned.

In 1995 C. pneumoniae was finally isolated from a coronary atherosclerosis, but this correlation, although statistically sig-
nificant, was considered clinically unimportant (r Å 0.29;atherosclerotic lesion [56]. It is interesting that preliminary

findings suggest that a positive C. pneumoniae serology is also r2 õ 0.1). Thus, it is unlikely that there would be any strong
correlation between the coronary and gingival arteries either.associated with hypertension [57].

Thus, several lines of evidence link C. pneumoniae to athero- Rather, the finding suggests that patients with CHD do not
necessarily have severe atherosclerotic changes in the arteriessclerosis. The studies cited above, however, cannot definitively

answer whether the microbe really is a causative organism in in the region of the head.
Thus, dental infections represent another type of chronicthe atherosclerotic process or whether it is just a bystander that

locates in diseased segments of the arterial tree. bacterial infection that is quite strongly associated with athero-
sclerosis.

Dental Infections

Acute Myocardial Infarction and Unstable Angina
Caries and periodontal disease are the most common dental

Pectoris
diseases. Gram-positive bacteria, especially Streptococcus mu-
tans, are involved with the etiology of caries [58], whereas These acute coronary events are characterized by thrombus

formation in a diseased coronary artery segment. Both viralgram-negative bacteria, including Porphyromonas gingivalis,
Actinobacillus actinomycetemcomitans, and Prevotella inter- and bacterial infections have been observed in conjunction with

these entities as well.media, are involved with that of periodontitis [59]. The host’s
reaction to bacterial agents plays an important role in the de-
structive process in periodontitis [60]. The course of caries and

Viruses
periodontitis is usually chronic, but occasionally acute compli-
cations occur, such as endodontal infections and periodontal It is likely that some of the cases diagnosed as acute myocar-

dial infarctions may in reality be focal myocarditis [65–67].abscesses as well as various odontogenic infections in the man-
dible, maxilla, and soft tissues in the neck area. Individuals with acute myocardial infarction sometimes have

evidence of recent viral infections, especially with coxsackieThe prevalence of periodontitis increases with the age of the
subjects studied; prevalence rates have varied between studies. B virus. Controlled studies in this field have yielded conflicting

results [68–75]. The epidemic nature of viral diseases, the veryBurt concludes in his review that the prevalence is quite small
[61]. However, in a detailed survey carried out in Finland in large number of infective agents, and the great variation in

antibody response between individuals make this topic difficultthe late 1970s [62], periodontal tissues were healthy in only
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to investigate in clinical studies. The relatively small sample LPS a major carbohydrate antigen (alpha-2-4 linked keto de-
oxyoctonate [KDO]-disaccharide). Chlamydial LPS has an ad-sizes indicate the possibility of a type II error as well.

As CMV and inflammation have been implicated in the ditional epitope, alpha-2-8 linked KDO-disaccharide. A posi-
tive reaction was observed only in assays containing this latterpathogenesis of coronary artery disease, Kol et al. [76] investi-

gated the role of CMV replication in atherosclerotic plaque epitope. No reaction was observed, for example, with LPS of
Yersinia enterocolitica or with serum from patients known toinstability. They examined coronary atherectomy specimens

from 20 patients with unstable angina pectoris. However, none have other types of circulating immune complexes [81, 82].
C. pneumoniae–specific immune complexes were detectedof the specimens tested showed a positive signal for markers

of early replication, thus arguing against a role for CMV repli- significantly more often in patients with AMI (57%) than in
random controls (12%) and patient controls with diseases char-cation in unstable angina pectoris.

A preceding ‘‘influenza-like illness,’’ defined by symptoms acterized by circulating immune complexes (10%) [82]. Imme-
diately after the AMI, most of the circulating C. pneumoniae–of upper respiratory tract infection (i.e., nasal congestion, rhi-

norrhea, sore throat, head cold, or cough, with or without fever), specific immune complexes were detectable with the IgM-
capture EIA method. On the contrary, LPS capture detectedwas significantly associated with acute myocardial infarction

in three studies specifically designed to study the phenomenon most immune complexes 1 month later. This shift in the compo-
sition of these immune complexes was not observed in the[35, 75, 77]. Lack of association has been noted in other investi-

gations originally not designed to study this particular phenom- samples taken from the random controls.
These results suggested that after AMI, the immune com-enon [67, 68]. This syndrome occurred 1–5 weeks before the

infarction in Ç20%–30% of patients (a 2.5-fold prevalence in plexes were formed in chlamydial LPS excess, which then
converted into IgM antibody excess. The reason for and sig-comparison with that among random controls or patients with

chronic CHD in a ‘‘cold’’ phase). So far, no association has nificance of this interesting finding are not known.
Cook et al. [83] measured IgG, IgM, and IgA C. pneumoniaebeen found between this syndrome and a positive viral or bacte-

rial serology or dental infections. It is noteworthy, however, antibodies in 1,874 patients admitted to a hospital in Bir-
mingham, England over a 2-year period. Serological markers ofthat the above symptoms again refer to inflammation, known

to occur in acute cardiovascular events. both acute and chronic C. pneumoniae infection were signifi-
cantly more common among patients admitted with unstableOn the other hand, influenza epidemics are associated with

increased numbers of deaths due to CHD, especially in younger angina, AMI, or ischemic stroke than in patients admitted with
other conditions. It is noteworthy that the 2-year-long recruit-age groups [78]. This could be explained by the fact that levels

of fibrinogen and factor VIII clotting activity are higher in ment period in this study excludes the possibility that a rapid
start or cessation of a C. peumoniae-associated epidemic wouldwinter, causing a ‘‘hypercoagulabile’’ state that in turn is

strongly correlated with an elevated neutrophil count, elevated have influenced the differences between the groups. Further-
more, the results were obtained by comparing the patients withC-reactive protein (CRP) level, and self-reported cough [79].

In accordance with the above, Jousilahti et al. [80] recently hospital controls, among whom factors that might increase the
prevalence of chlamydial infections, like smoking and alcoholpublished a report on a 13-year follow-up ofú19,000 randomly

selected individuals from eastern Finland (individuals with a abuse, are probably more common than among random controls.
Positive C. peumoniae serology is associated with cardio-history of CHD or stroke were removed from the cohort). The

investigators defined chronic respiratory infection as occur- vascular disease in follow-up studies as well. In the Helsinki Heart
Study, after adjustment for the effect of the ‘‘classic’’ coronaryrence of symptoms of chronic bronchitis. In their large amount

of carefully analyzed data, symptoms of chronic respiratory risk factors (age, smoking, systolic blood pressure, the ratio of
high-density lipoprotein [HDL] to total cholesterol), the presenceinfection predicted coronary death with a risk ratio of Ç1.5.

Adjusting the result for smoking, cholesterol level, and systolic of C. pneumoniae–specific immune complexes and/or an elevated
IgA antibody titer 3–6 months before clinical signs of CHD wasblood pressure decreased the risk somewhat, but it remained

statistically significant (as did the risk for developing CHD). associated with a ú2-fold risk of developing CHD [84]. As all
individuals included in that study had to be free from CHD at
the time of enrollment, the conclusions exclude the possibility

Chlamydia pneumoniae
that C. pneumoniae antibodies or immune complexes would repre-
sent only a false-positive result, due to infarcted myocardium, inAs mentioned before, C. pneumoniae seropositivity was sig-

nificantly more common among patients with AMI and chronic the assays used. Preliminary results also suggest that a positive
C. pneumoniae serology and an elevated level of CRP, whenCHD than among their matched random controls. Two-thirds

of these patients with AMI showed seroconversion in EIA with occurring in conjunction in patients with unstable angina, accu-
rately predict future ischemic events [85].LPS antigen, core-deficient Re-LPS, purified from Salmonella

minnesota mutant (as compared with only one patient of the In a 7-year follow-up of diabetic and nondiabetic subjects
in two areas in Finland, Miettinen et al. [86] observed thatother groups combined). This Re-LPS shares with chlamydial
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C. pneumoniae seropositivity was associated with future CHD In the above-mentioned study of Karvonen et al. [88],
C. pneumoniae seropositivity was more common among malesevents in nondiabetic subjects in eastern Finland. However, no

association could be observed in diabetics and in individuals than females, and this could not be explained by the more
common smoking among males. This is in keeping with thein western Finland. The reasons for this kind of finding were

unknown, but the authors speculated that diabetes is so strong male-female ratio of the prevalence of CHD. On the other hand,
the prevalence of C. pneumoniae seropositivity was higher ina risk factor that it could have masked the effect of weaker

risk factors. southwestern than eastern Finland in their second study, a find-
ing not in keeping with the higher prevalence of CHD in easternAs smoking exposes individuals to respiratory infections and

cardiovascular diseases, smoking is potentially an important Finland [89].
confounder in the link between C. pneumoniae and cardio-
vascular disease. In most studies, smoking has not been associ-
ated with a positive C. pneumoniae serology or, at the least, Dental Infections
the C. pneumoniae–CHD association has remained significant
in multivariate analyses controlling for the effect of smoking. Dental infections were significantly associated with CHD in

a case-control study of 100 patients with AMI and 102 randomIn a study of Thom et al. [40] comparing patients with angio-
graphically verified CHD with matched controls, a C. pneu- controls matched for locality, sex, and age range [90]. In this

study, the severity of dental infections was graded by dentistsmoniae–CHD association could be observed only among ‘‘ever
smokers.’’ using two scores. One score (‘‘TDI’’) was based on nonblinded,

systematic, clinicoradiological scoring of the severity of cariesTwo studies have specifically addressed the relation of posi-
tive C. pneumoniae serology and smoking. Hahn and Golubjat- (0–3), periodontitis (0–3), periapical lesions (0–3), and peri-

coronitis (0–1) in the participants. The other comprised blindnikov [87] investigated 365 outpatients with respiratory illness.
Current smokers were significantly more likely than nonsmok- assessment of pantomographs, as described earlier.

The prevalence of edentulousness was higher in the AMIers to have a C. pneumoniae antibody titer of §1:128, and this
titer category was positively correlated with current smoking. and chronic CHD groups than among the random controls.

Multivariate analyses suggested that the association was inde-Karvonen et al. [88] analyzed the relation of smoking to
C. pneumoniae seropositivity in a large number of individuals pendent of the effect of smoking, social class, and other poten-

tial confounders. The number of missing teeth, which may be(2,346). Overall, ‘‘ever smokers’’ had a 50% greater risk of
C. pneumoniae IgG seropositivity. Ex-smokers and current smok- regarded as an indirect indicator of dental infection experience,

was related to the prevalence of CHD among 1,384 men ageders had little difference in this respect, suggesting that ‘‘ever
smokers’’ should be handled as a single group in future studies. 45–64 years living in different regions of Finland. In a multi-

variate analysis controlling for the effect of smoking, hyperten-Thus, in large series of individuals, smoking seems to in-
crease the risk of developing chronic C. pneumoniae infection. sion, educational level, and age, the number of missing teeth

was significantly associated with CHD [91].It should be noted, however, that in the study of Hahn and
Golubjatnikov [87], the individuals studied were younger DeStefano et al. [92] have published the largest study in this

field: a 14-year follow-up of 9,760 individuals who were free(mean age, 34 years) than in most clinical studies on C. pneu-
moniae and CHD. In addition, the individuals were recruited of CHD at enrollment and had undergone a dental examination

at the beginning of the follow-up. Dental infections were quan-from among patients with an ongoing respiratory illness
(whereas random or healthy controls were used in most other titated by the number of decayed teeth, periodontal disease

classification, and a periodontal index; an oral hygiene indexstudies). Looking at the odds ratios for C. pneumoniae sero-
positivity according to age groups in the study of Karvonen et was employed to indicate the degree of dental health. The

results showed that among all subjects studied, after carefulal. [88], one can see that the findings in their study were more
evident among ex-smokers and younger individuals, especially adjustment for several potential confounders, periodontitis was

associated with a 25% increase in CHD risk. Among menthose younger than 36 years. Thus, the association between
smoking and C. pneumoniae may have been at least partly due younger than 50 years (most of the individuals in the above-

mentioned studies), this excess risk was 70%. However, theto the fact that smoking exposes individuals to a chronic
C. pneumoniae infection at a younger age. oral hygiene index was also associated with excess CHD risk

and total mortality, and edentulousness was associated withMore important, even if smoking does expose individuals to
chronic C. pneumoniae infection, this does not exclude the excess total mortality.

The mechanism linking edentulousness with CHD in severalpossibility that the microbe is involved in the pathogenesis
of coronary artery disease. As Hahn and Golubjatnikov [87] studies remains speculative. Likewise, despite the large amount

of data, long follow-up, and excellent statistics in the study bythemselves pointed out, chronic C. pneumoniae infection could
have this effect, irrespective of the possibility that smoking DeStefano et al., the truly independent role of dental infections

in the development of CHD remains unclear.has exposed the individual to the infection.
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normal, with regard to Helicobacter pylori and C. pneumoniae
seropositivity. Serological evidence of these infections was as-
sociated with odds ratios of 3.8 and 3.1, respectively, for CHD
after adjustment for various confounders. MartıP n-de-Argila et
al. [94] published their findings with regard to 101 CHD pa-
tients and 68 healthy controls of similar age and socioeconomic
status. The H. pylori seropositivity rate was 84% among the
patients with CHD vs. 58% among the controls, a highly sig-
nificant difference. Likewise, in the material published by Mor-
gando et al. [95], H. pylori was again associated with CHD,
especially among those younger than 60 years of age.

However, Murray et al. [96] could not associate H. pylori
seropositivity with CHD, high blood pressure, plasma viscosity,
total cholesterol level, and social class for randomly selected
subjects aged 25–64 years (1,182 men and 1,198 women). A
weak negative association was found between H. pylori and
fibrinogen and between H. pylori and HDL in women. A lack
of association between H. pylori and CHD was reported also
by Sandifer et al. [97] and Delaney et al. [98]. Furthermore,
the only prospective study on H. pylori seropositivity and the
risk of CHD in elderly individuals also failed to show any
association between the infection and CHD [99].

Like C. pneumoniae, H. pylori was associated with hyperten-
sion and body mass index in another study, of 162 individuals
[100].Figure 1. Percentage of individuals experiencing an ischemic event

during follow-up in the three tertiles of Total Dental Index (TDI) and
Social Class (SC). Test for linear trend: TDI, P Å .01; SC, P Å not

Enterobacterial Infectionssignificant.

Enterobacterial common antigen is an antigenic component
of all Enterobacteriaceae organisms, except defective mutants.The patients with CHD in the two Finnish studies described
It is not present in other gram-positive or gram-negative organ-[63, 75] have been followed for subsequent ischemic events.
isms [101]. Among the patients with AMI in the aforemen-Among the 214 patients enrolled, 52 met the end-point criteria
tioned study by Mattila et al. [75], 15 (38%) had at least four-(fatal and nonfatal AMI, episodes of unstable angina) during the
fold increases in the level of enterobacterial common antigen7 years of follow-up. The severity of dental infections (i.e., the
antibodies; in comparison, one subject in the population controlabove-described ‘‘TDI’’) was significantly associated with the
group and none in the chronic CHD group had a diagnosticrisk of ischemic events both in univariate analysis and in the
rise in antibody level. Significant elevations in levels of IgG,Cox model, accounting for the effect of age, enrollment smoking
IgA, and IgM anticardiolipin antibodies were also observed instatus, social class, blood lipids, and other confounders [93].
the AMI group, and these two reactions were closely associ-As can be seen in figure 1 (based on the results of Mattila
ated. The etiology and significance of these findings are un-et al. [93], previously unpublished), the risk of an ischemic
known.event increased from the lowest to the highest TDI tertile in a

completely linear fashion, whereas no relation was observed
between the event risk and social class. Cerebral Infarction

Thus, the severity of dental infections seems to predict future
The infections observed in patients with cerebral infarctionCHD events in individuals with and without CHD at enroll-

have mostly been of bacterial origin. It has long been knownment. It is clear that in these kinds of studies there is a risk of
that infective endocarditis is complicated by cerebral infarctionbias caused by lifestyle-related factors, such as diet and health
in up to 15% of cases [102]. Another well-known associationcare practices. A causal relationship is also possible, however,
has been that with Mycoplasma pneumoniae [103]. Observa-and further studies are indicated in this field.
tional studies have shown that some 5%–10% of patients with

Helicobacter pylori bacteremic infections but without endocarditis or CNS infec-
tion develop stroke within a few weeks after the onset of bacter-Patel et al. [42] compared men with electrocardiographic

evidence of CHD with men whose electrocardiograms were emia [102, 104]. Uza reported that bacteriuria was almost six
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times more common among patients with ischemic cerebro- cells [112]. Adherent granulocytes can release toxic products
(especially oxygen radicals) capable of damaging the endothe-vascular disease than among age-matched controls [105].

In the case-control study of Syrjänen et al., febrile infection lium after endothelial exposure to immune complexes, endo-
toxin, or activated complement [113–115]. Immune complexeswas associated with cerebral infarction with a relative risk of

9 (CI, 2.2–80), and the most common preceding infections in turn induce production of tissue factor, the initiator of the
extrinsic coagulation pathway, in human endothelial cellswere upper respiratory infections [106]. These associations re-

mained significant in multivariate analyses controlling for the [116]. Infection of human endothelial cells with herpes simplex
virus type 1 leads to induction of immune complex receptorseffect of other risk factors of cerebral infarction. The investiga-

tors additionally showed that young (õ50 years old) male pa- [117], enhanced thrombin generation and platelet binding
[118], and decreased endothelial-cell plasminogen activator in-tients with ischemic stroke had significantly more severe dental

infections than did the controls [107]. hibitor [119]. Herpes simplex virus type 1 does not require
productive infection to induce tissue factor in human umbilicalThe association between recent infections and stroke was

confirmed by Grau et al. [108], who compared 197 patients vein endothelial cells [120]. Furthermore, herpesviruses can
make the vascular endothelium more prone to thrombus forma-who had ischemic strokes with 197 random controls matched

for age, sex, and area of residence. A preceding infection car- tion by causing loss of surface heparans and thrombomodulin,
a decrease in prostacyclin synthesis, and generation and releaseried an increased risk for stroke, with an odds ratio of 4.5 (95%

CI, 2.1–9.7); likewise, a febrile illness in the patient’s history of tissue factor [121].
In human arterial smooth-muscle cells, this virus leads towas associated with cerebral infarction, with an odds ratio of

7 (95% CI, 2.5–20). Again, the preceding infections in the accumulation of saturated cholesteryl esters and triglycerides
(partly due to decreased cholesteryl ester hydrolysis) and astroke patients were upper respiratory infections of bacterial

origin, and adjusting for the effect of potential confounders did reduced capacity to produce prostacyclin [5]. Besides herpes
simplex virus, CMV, at the least, is capable of replicating innot diminish the above associations.

Cook et al. [83] investigated the association between human arterial smooth-muscle cells [122].
C. pneumoniae and various arterial thrombotic diseases, includ-
ing ischemic cerebral syndromes. Serological markers of both

Bacteria
acute and chronic C. pneumoniae infection were significantly
more common in these patients than in hospital controls, and Many studies of the interactions between bacterial products

and host tissue have involved LPS, a structural componentthe magnitude of these differences was even bigger than that
between patients with CHD and controls. of gram-negative bacteria. Although less thoroughly studied,

components of gram-positive bacteria have similar properties.This finding was confirmed by Wimmer et al. [109], who
showed that positive C. pneumoniae IgA antibody levels and LPS influences endothelial cell function, even without induc-

tion of denuding endothelial damage. It enhances the synthesisC. pneumoniae immunocomplexes were associated with isch-
emic cerebral attacks after adjustment for age, sex, hyper- of IL-1 in human monocytes and endothelial cells and of TNF

in human endothelial cells. These substances induce procoagu-tension, and migraines, with an odds ratio of 2.2.
lant activity in human vascular endothelium and are known to
increase the adherence of polymorphonuclear leukocytes and

Infection, Atherosclerosis, and Infarction: Possible
monocytes to it [123–126]. LPS stimulates endothelial produc-

Mechanisms of Action
tion of platelet activating factor [127] and induces release of
tissue factor [128, 129], plasminogen activator inhibitor [130,The idea of infection as a risk factor for myocardial in-

farction may at first seem strange. However, there are several 131], and von Willebrand factor antigen [132] from human
endothelial cells. Furthermore, LPS enhances production of themechanisms that could mediate the effect of infections on both

atherogenesis and thrombogenesis. For example, infections can factor stimulating growth of granulocytes and macrophages
and the colony stimulating activity in cultured human endothe-evoke cytokine production; cytokines in turn probably play an

important role in the pathogenesis of atherosclerosis [110]. lial cells [133].
C. pneumoniae is able to multiply and cause a persistent

infection in human endothelial cells [134]. It also induces ex-
Viruses

pression of endothelial-leukocyte, intracellular, and vascular
cell adhesion molecules in human endothelial cells [135].At the least, herpes simplex virus type 1, adenovirus type

7, the measles and mumps viruses, poliovirus type 1, echovirus LPS has several effects on monocyte-macrophages. LPS of
Escherichia coli remains within macrophages [136]. LPS stim-type 9, and parainfluenza type 3 viruses are capable of infecting

human endothelial cells in culture [111]. Infection with herpes ulates secretion of type-beta transforming growth factor in hu-
man monocytes [137] and stimulates secretion of growth fac-simplex virus type 1, poliovirus, and adenoviruses has been

shown to increase granulocyte adherence to human endothelial tors for smooth muscle cells and fibroblasts and the expression
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of c-sis proto-oncogene coding for one of the platelet-derived ators [158] and platelet-derived growth factor, also known to
promote granulocyte activation [159].growth-factor chains in human monocytes [138–140], together

with induction of IL-2 receptors on monocytes. IL-2 then aug- In vivo investigations have shown that hydrogen peroxide
production by neutrophils in patients with bacterial infection isments generation of reactive oxidative intermediates and their

cytotoxic activity in monocytes [141]. increased [160], as is neutrophil elastase production in healthy
volunteers given minute amounts of LPS [161]. StimulatedMonocyte adhesion to blood vessel endothelium and lipid

metabolism of monocyte-macrophages are important factors in peripheral neutrophils of adult patients with periodontitis have
been reported to have a ú2-fold higher release of free oxygenatherogenesis. As mentioned above, LPS enhances monocyte

adherence to endothelium via stimulating the production of radicals in comparison with those of individuals without peri-
odontitis [162, 163]. Individuals with periodontal disease alsoIL-1 and TNF in human monocytes and endothelial cells [142,

143] and, at least in animal preparates, by causing increased have significantly elevated levels of fibrinogen and leukocytes,
and these differences were not explained by factors like smok-endothelial-cell turnover. The latter is also among the factors

increasing monocyte adherence [144]. Monocytes are also in- ing or social class in the study of Kweider et al. [164].
The fate of LPS that invades the human body is linked withvolved in the indirect activation of endothelium by endotoxin,

which takes place during the neutralization process of LPS. lipoproteins. All major lipoprotein classes in the blood bind
LPS in direct proportion to their cholesterol concentration, andLPS activates monocytes via cell membrane CD14, leading to

secretion of TNF and IL-1, which in turn activate endothelium low-density lipoprotein (LDL) cholesterol binds most LPS in
human plasma [165]. Lipoprotein-binding protein is also in-[145].

Besides this, LPS induces secretion of factors chemotactic volved in the processing of LPS, by catalyzing the movement
of LPS from endotoxin micelles to soluble CD14 (sCD14) andto monocytes in human arterial smooth muscle cells and mac-

rophages [146]. Repeated exposure of monocytes to endotoxin to plasma lipoproteins [166]. The LPS-sCD14 complexes can
directly activate endothelium.augments the subsequent release of inflammatory mediators

from monocytes [147]. This can be observed clinically, as Injection of LPS into experimental animals leads to a hyper-
lipidemic response, which is considered a host-defense mecha-shown by Schäfer et al. [148]. They showed that patients with

liver diseases had elevated plasma endotoxin levels and that nism against this compound [167, 168]. The magnitude of the
increase in cytokine production produced by endotoxin is greatermonocytes of these patients released increased amounts of

bioactive TNF, as compared with such activity in healthy if hypolipidemia is induced in the experimental animals [169].
In the studies of Morel et al. [169], neither LPS nor LDLcontrols.

C. pneumoniae can grow inside human peripheral blood cholesterol alone showed cytotoxicity to relatively quiescent
human endothelial cells. However, LPS induced endothelialmononuclear cells, and it induces a cytokine response (with

TNF, IL-1, IL-6, and IFN) in these cells [135]. Unstimulated cells to produce free radicals, which oxidize LDL cholesterol.
Oxidized LPS–LDL cholesterol complex then could enter theand LPS-stimulated monocytes from patients with periodon-

titis, at least those who develop periodontitis at a relatively endothelial cells via the scavenger receptor, and this led to
clearly diminished survival of endothelial cells. The toxicityyoung age, release higher concentrations of IL-1 than do those

from subjects with few or no dental infections [149]. could be inhibited by blockers of acetyl-LDL cholesterol scav-
enger receptor.An elevated granulocyte count is an independent risk factor

for CHD, and leukocyte count correlates with the extent of Brand et al. [170] showed that oxidized LDL cholesterol
alone did not induce tissue factor expression in monocytes butangiographically assessed severity of coronary atherosclerosis

[150]. As mentioned above, LPS significantly increases adher- it significantly enhanced tissue factor expression induced by
LPS. LPS–LDL cholesterol complex can enter macrophagesence of neutrophils to human endothelial cells. LPS activates

granulocytes to increase the release of oxygen metabolites. via the apolipoprotein B/E receptor [165]. After this, the com-
plex affects the expression of scavenger receptor activity duringActivated granulocytes in turn can damage endothelial cells

via lysosomal enzymes, oxygen radicals, elastase, and other monocyte differentiation in vitro [165] and activates monocytes
to oxidize LDL cholesterol, making it toxic to other cells [171].toxic substances in vitro [114, 115, 151–154].

Hydrogen peroxide stimulates the synthesis of platelet acti- LPS causes increased cholesteryl ester synthesis and accu-
mulation in human macrophages [172]. Analogous with thevating factor in endothelium and induces endothelial cell–

dependent neutrophil adhesion [155]. LPS directly enhances fact that HDL cholesterol (unlike LDL cholesterol) complexed
with LPS is not toxic to human endothelial cells, HDL choles-production of platelet activating factor in neutrophils [156]. On

the other hand, platelet activating factor enhances neutrophil terol inhibits the LPS-mediated increase in oxidative metabo-
lism and lysozyme release of granulocytes [173].responses, e.g., elastase release and aggregation, to various

stimuli [157]. Clinical studies have shown that both viral and bacterial
infections cause significant changes in serum lipoprotein levels.Besides its direct effects, LPS also activates granulocytes by

stimulating monocytes to excrete granulocyte-activating medi- In the study of Sammalkorpi et al. [174], a reduction in HDL
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cholesterol and LDL cholesterol levels and in the ratio of HDL on admission, more frequent cortical infarcts in the middle
cerebral artery territory, more frequent cardioembolic strokes,cholesterol to LDL cholesterol was observed. The changes were
and a smaller prevalence of extracranial artery stenoses.related to the severity of the infection.

Heat-shock proteins (hsp’s) are a family of proteins of whichThe above-mentioned observations link bacterial compounds
expression is increased by various stress factors such as highand infections to the levels of HDL and LDL cholesterol and
temperature, mechanical stress, and infections. They showthe HDL/LDL cholesterol ratio, powerful predictors of CHD.
highly homologous sequences between different species, fromMicrobial compounds may also favor thrombus formation.
bacteria to man. The hsp65 family has been linked with certainStaphylococcus aureus has been shown to be as strong a stimu-
autoimmune diseases because they may evoke autoimmunelus for release reaction of human platelets as collagen, throm-
responses by cross-reaction between hsp’s and the host [191].bin, and adrenalin [175]. Furthermore, Fusobacterium necro-
Arteriosclerosis can be induced in normocholesterolemic rab-phorum and Streptococcus pyogenes have been shown to
bits by immunization with hsp65, which is expressed in highaggregate human platelets in vitro [176, 177]. Streptococcus
concentrations in human atherosclerotic lesions.sanguis, ubiquitous in dental plaque, can aggregate human

Anti-hsp65 antibodies are associated with carotid athero-platelets [178]. Miragliotta et al. [179] showed that H. pylori
sclerosis in humans, independent of the classic risk factorshas tissue-factor-like procoagulant activity that could activate
[192]. It has been postulated that atherosclerosis develops pri-the extrinsic pathway of blood coagulation.
marily as an autoimmune response aggravated by factors suchLPS can induce monocytes to aggregate platelets [180] and
as hypercholesterolemia [192].to produce factor VII activity in the presence of lymphocytes

The origin of hsp’s in individuals with atherosclerosis is not[181]. LPS induces generation of fast-acting inhibitor of plas-
known. It is of interest that periodontal pathogens andminogen activator from human monocytes and endothelial
C. pneumoniae possess hsp:n with high sequence identity withcells. This has been demonstrated in experimental animals, in
human hsp [193–196]. Antibodies to the 64-kD protein ofhuman preparates in vitro, and in patients with septicemia. The
A. actinomycetemcomitans cross-react in turn with 65-kD pro-phenomenon can be induced both by LPS itself and via the
teins of Haemophilus influenzae and E. coli [194]. Thus, hsp-action of IL-1 [130, 131, 182].
mediated reactions could be one mechanism linking infectionFurthermore, LPS can activate Hageman factor, suggesting that
and development of atherosclerosis and thrombosis.LPS can initiate the intrinsic pathway of coagulation [183]. The

As mentioned earlier, an increasing body of evidence hasprofound effects of LPS were clearly shown by Suffredini et al.
linked inflammation to CHD. Chronic low-grade infections like[161], who gave minute amounts (4 ng/kg) of LPS to normal
those with C. pneumoniae and H. pylori may well be one ofsubjects. LPS induced a fourfold rise in the level of von Wille-
the factors behind this inflammation, which can be detectedbrand factor antigen and a clear ‘‘procoagulant state,’’ character-
and measured by an accurate measurement of CRP [2]. In aized by an increase in plasminogen-activator inhibitor activity and
cross-sectional study of 1,484 patients with angina pectoris,

diminished t-PA (tissue-type plasminogen activator) activity.
Juhan-Vague et al. [197] showed that plasma insulin levels

A procoagulant state, which may persist weeks after both
increased independently of other risk factors with age, body

viral and bacterial infections, has also been observed in clinical
mass index, triglyceride levels, plasminogen activator inhibitor-1,

studies. This has been shown by measuring b-thromboglobulin,
and markers of inflammation, such as CRP.

spontaneous aggregation of platelets, and platelet respon-
Mendall et al. [198] investigated the factors determining

siveness to various stimuli [184, 185]. Likewise, elevations in
CRP concentration within the so-called normal range in a ran-

fibrinogen levels after both viral and bacterial infections were dom sample of 388 men. C. pneumoniae or H. pylori seroposi-
observed in the 1970s [186]. Patients with severe dental infec- tivity and an infectious symptom (production of phlegm for 3
tions seem to have elevated levels of von Willebrand factor months) were among the determinants of CRP levels. Patel et
antigen [187]; IgG, IgM, and IgD; and circulating immune al. [199] observed mutually adjusted differences of 0.43 g/L
complexes [188]. Ameriso et al. [189] explored the potential (95% CI, 0.12–0.75) and 0.52 g/L (95% CI, 0.15–0.9) in
mechanisms mediating the association between infections and fibrinogen levels between persons seropositive for H. pylori
cerebral infarction. They compared cerebral infarction patients and C. pneumoniae and those who were seronegative; these
with (n Å 17) and without (n Å 33) a preceding infection, with differences corresponded to 65% and 80% of the standard devi-
regard to immunohematologic characteristics. Patients with a ation for fibrinogen, respectively. The investigators have also
preceding infection had significantly higher levels of fibrin D– shown that C. pneumoniae and H. pylori seropositivity are
dimer and fibrinogen (studied within 2 days) and enhanced associated with raised fibrinogen and malondialdehyde concen-
cardiolipin immunoreactivity of the IgG isotype. Grau et al. trations and leukocyte counts [42].
[190] further extended their studies by a detailed clinical and

Conclusionsbiochemical evaluation of infection-associated stroke. In their
data on 159 stroke patients without infection and 38 patients The idea of infection as a risk factor for atherosclerosis and

related diseases is an old one, and infection should not be takenwith infection, they observed more severe neurological deficits
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pneumoniae in coronary atheromas of patients undergoing atherec-thelialitis and accelerated arteriosclerosis in human heart transplant
tomy. J Infect Dis 1996;173:957–62.coronaries. J Heart Lung Transplant 1993;12:117–22.

53. Blasi F, Denti F, Erba M, et al. Detection of Chlamydia pneumoniae but32. Paton P, Tabib A, Loire R, Tete R. Coronary artery lesions and human
not Helicobacter pylori in atherosclerotic plaques of aortic aneurysms.immunodeficiency virus infection. Res Virol 1993;144:225–31.
J Clin Microbiol 1996;34:2766–9.33. Kaprio J, Norio R, Pesonen E, Sarna S. Intimal thickening of the coronary

54. Juvonen J, Juvonen T, Laurila A, et al. Demonstration of Chlamydiaarteries in infants in relation to family history of coronary artery dis-
pneumoniae in the walls of abdominal aortic aneurysms. J Vasc Surgease. Circulation 1993;87:1960–8.
1997;25:499–505.34. Minkowski WL. The coronary arteries of infants. Am J Med Sci 1947;

55. Puolakkainen M, Kuo C-C, Shor A, Wang S-P, Grayston JT, Campbell214:623–9.
LA. Serological response to Chlamydia pneumoniae in adults with35. Pesonen E, Siitonen O. Acute myocardial infarction precipitated by infec-
coronary arterial fatty streaks and fibrolipid plaques. J Clin Microbioltious disease [letter]. Am Heart J 1981;101:512–3.
1993;31:2212–4.36. Suzuki A, Kamiya T, Arakaki Y, Kinoshita Y, Kimura K. Fate of coro-

56. Ramirez JA, Chlamydia pneumoniae/Atherosclerosis Study Group. Isola-nary arterial aneurysms in Kawasaki disease. Am J Cardiol 1994;74:
tion of Chlamydia pneumoniae from the coronary artery of a patient

822–4.
with coronary atherosclerosis. Ann Intern Med 1996;125:979–82.

37. Kato H, Akagi T, Sugimura T, et al. Kawasaki disease. Coronary Artery
57. Cook PJ, Lip GH, Zafris J, Honeyborne D, Wise R, Beevers DG. Is

Disease 1995;6:194–206.
Chlamydia pneumoniae infection associated with hypertension? [ab-

38. Saikku P, Leinonen M, Mattila K, et al. Serological evidence of an
stract]. J Hypertens 1995;13:1495–6.

association of a novel chlamydia, TWAR, with chronic coronary heart
58. Loesche WJ. Role of Streptococcus mutans in human dental decay.

disease and acute myocardial infarction. Lancet 1988;2:983–6.
Microbiol Rev 1986;50:353–80.

39. Thom DH, Wang S-P, Grayston JT, et al. Chlamydia pneumoniae strain 59. Slots J, Listgarten MA. Bacteroides gingivalis, Bacteroides intermedius
TWAR antibody and angiographically demonstrated coronary artery and Actinobacillus actinomycetemcomitans in human periodontal dis-
disease. Arterioscler Thromb 1991;11:547–51. eases. J Clin Periodontol 1988;15:85–93.

40. Thom DH, Grayston JT, Siscovick DS, Wang S-P, Weiss NS, Daling 60. Williams RC. Periodontal disease. N Engl J Med 1990;322:373–82.
JR. Association of prior infection with Chlamydia pneumoniae and 61. Burt BA. Risk markers for oral disease. In: Johnson NW, ed. Periodontal
angiographically demonstrated coronary artery disease. JAMA 1992; diseases. Vol. 3. Cambridge: Cambridge University Press, 1991:9–26.
268:68–72. 62. Vehkalahti M, Paunio K. Kiinnityskudosten kunto [in Finnish]. Kansanel-

41. Melnick SL, Shahar E, Folsom AR, et al. Past infection by Chlamydia äkelaitoksen julkaisuja 1991; 34:161–81.
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74. Nikoskelainen J, Kalliomäki JL, Lapinleimu K, Stenvik M, Halonen PE. 95. Morgando A, Sanseverino P, Perotto C, Molino F, Gai V, Ponzetto A.
Coxsackie B virus antibodies in myocardial infarction. Acta Med Helicobacter pylori seropositivity in myocardial infarction [letter].
Scand 1983;214:29–32. Lancet 1995;345:1380.

75. Mattila KJ. Viral and bacterial infections in patients with acute myocar- 96. Murray LJ, Bamford KB, O’Reilly DPJ, McCrum EE, Evans AE. Helico-
dial infarction. J Intern Med 1989;225:293–6. bacter pylori infection: relation with cardiovascular risk factors, ischaemic

76. Kol A, Sperti G, Shani J, et al. Cytomegalovirus replication is not a heart disease, and social class. Br Heart J 1995;74:497–501.
cause of instability in unstable angina. Circulation 1995;91:1910–3. 97. Sandifer QD, Vuilo SU, Crompton G. Association may not be causal

77. Spodick DH, Flessas AP, Johnson MM. Association of acute respiratory [letter]. BMJ 1996;312:251.
symptoms with onset of acute myocardial infarction: prospective inves- 98. Delaney BC, Hobbs FDR, Holder R. Eradication of the infection on
tigation of 150 consecutive patients and matched control patients. Am grounds of cardiovascular risk is not supported by current evidence
J Cardiol 1984;53:481–2. [letter]. BMJ 1996;312:251–2.

78. Bainton D, Jones GR, Hole D. Influenza and ischaemic heart disease— 99. Strandberg TE, Tilvis RS, Vuoristo M, Lindroos M, Kosunen TU. Pro-
a possible trigger for acute myocardial infarction? Int J Epidemiol spective study of Helicobacter pylori seropositivity and cardiovascular
1978;7:231–9. diseases in a general elderly population. BMJ 1997;314:1317–8.

79. Woodhouse PR, Khaw KT, Plummer M, Foley A, Meade TW. Seasonal 100. Lip GYH, Wise R, Beevers G. Association of Helicobacter pylori infec-
variation of plasma fibrinogen and factor VII activity in the elderly: tion with coronary heart disease [letter]. BMJ 1996;312:250–1.
winter infections and death from cardiovascular disease. Lancet 1994; 101. Mäkelä PH, Mayer H. Enterobacterial common antigen. Bacteriol Rev
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162. Gustafsson A, Åsman B. Increased release of free oxygen radicals from 183. Bjornson HS. Activation of Hageman factor by lipopolysaccharides of
peripheral neutrophils in adult periodontitis after Fc-receptor stimula- Bacteroides fragilis, Bacteroides vulgatus, and Fusobacterium mortif-
tion. J Clin Periodontol 1996;23:38–44. erum. Rev Infect Dis 1984;6(suppl 1):S30–3.

163. Kimura S, Yonemura T, Kaya H. Increased oxidative product formation 184. Zahavi J. The role of platelets in myocardial infarction, ischemic heart
by peripheral blood polymorphonuclear leukocytes in human periodon- disease, cerebrovascular disease, thromboembolic disorders, and acute
tal diseases. J Periodont Res 1993;28:197–203. idiopathic pericarditis. Thromb Haemost 1977;38:1073–84.

164. Kweider M, Lowe GD, Murray GD, Kinane DF, McGowan DA. Dental 185. Rasi V, Ikkala E, Valtonen V. Plasma b-thromboglobulin in severe infec-
disease, fibrinogen and white cell count: links with myocardial in- tion. Thromb Res 1982;26:267–74.
farction? Scott Med J 1993;38:73–4.

186. Richardson GN, Matthews KB, Cruickshank JK, Geddes AM, Stuart J.
165. Van Lenten BJ, Fogelman AM, Haberland ME, Edwards PA. The role

Coagulation activation and hyperviscosity in infection. Br J Haematol
of lipoproteins and receptor-mediated endocytosis in the transport of

1979;42:469–80.
bacterial lipopolysaccharide. Proc Natl Acad Sci USA 1986;83:

187. Mattila K, Rasi V, Nieminen M, et al. Von Willebrand factor antigen
2704–8.

and dental infections. Thrombosis Research 1989;56:325–9.
166. Wurfel MM, Hailman E, Wright SD. Soluble CD14 acts as a shuttle in
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This stamp was issued by the Dominican Republic on 2 June 1979
to publicize the Dominican Cardiology Institute. It illustrates a
thrombosed atherosclerotic artery overlying a heart with an oc-
cluded coronary artery and an acute myocardial infarct. (From
the medical philately collection of Dr. J. N. Shanberge, University
of Michigan.)
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