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Relationship of Chlamydia pneumoniadnfection to Severity
of Human Coronary Atherosclerosis

Katharina Ericson, MD; Tom G.P. Saldeen, MD, PhD; Olle Lindquist, MD, PhD;
Carl Pahlson, PhD; Jawahar L. Mehta, MD, PhD

Background—Infection with Chlamydia pneumoniaeas been postulated to play a pathogenic role in atherosclerosis. W
examined the role of infection witl® pneumoniaén relation to the extent of coronary atherosclerosis.

Methods and Results-Coronary atherosclerosis was graded microscopically on a postmortem basis in a blinded fast
in 60 subjects as mild (a18) or severe (#42) atherosclerosis. Serum antibodie€tpneumoniaevere measured by
microimmunofluorescence test. Paraffin-embedded coronary artery specimens were examined for the presen
chlamydia by use of a genus-specific direct immunofluorescence monoclonal antibody. Frozen coronary ar
specimens were examined by immunoperoxidase for the preser@eoéumoniady use of a specific monoclonal
antibody RR-402. Direct immunofluorescence was reactive in 86% of cases with severe atherosclerosis but in only
of cases with mild atherosclerosRB<0.01), whereas immunoperoxidase staining was reactive in 80% and 38% of cas
with severe and mild atherosclerosis, respectivBlz(.01). Elevated IgG and IgA levels agait@{pneumoniasvere
not different in cases with severe and mild atherosclerosis (61% and 30% for severe atherosclerosis and 67% anc
for mild atherosclerosis, respectively).

Conclusions—This study supports the hypothesis that intracellular infection @itneumoniaenay relate to the severity
of atherosclerosis in some subjects. Serum antibody titers agaprstumoniaelo not differentiate between severe and
mild atherosclerosigCirculation. 2000;101:2568-2571.)
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here has been a resurgence of interest in the infectiouslogical association between infection withpneumoniaand
basis of coronary atherosclerosis. Several recent re-presence and extent of coronary atherosclerosis.
views'2 have suggested that coronary atherosclerosis may be The aim of the present study was to correlate the severity
an autoimmune process triggered by an infectious agent, mostof coronary atherosclerosis with intracellular infection with
likely Chlamydia pneumonia€lhis proposition is based on  C pneumonia@nd with seroposivity again€ pneumoniae.
the observation of raised antibody titersGopneumoniaén
patients with coronary artery disease in some stutes. Methods
Expenmgntal studles.ha\./e .demo_nstr.ated thgineumoniae Autopsy Material
can repllpate and malntal'n infection in human macrophages, Between December 1995 and June 1996, tissues from 300 consec
endothelial cells, and aortic smooth muscle cefihese cell utive autopsy cases were collected at the Department of Forensic
types show particular susceptibility to infection with Medicine, University of Uppsala, Uppsala, Sweden. Tissues from 60
C pneumonia@ Recently, Muhlestein et @lshowed that of these cases (45 men and 15 women) were examined in the presen
intranasal inoculation o pneumonia@ccelerates the devel- investigation.' 'I_'hirty of these cases had a diagnosis of cardiac dea_th.
- . In the remaining 30 cases, the cause of death was noncardiac
_opment of atheroscler95|s in a rabbit model of cholesterol- (suicide, 10; accident, 8; gastrointestinal bleeding, 4; hypothermia, 1;
induced atherosclerosis. They also showed that treatmentepilepsy, 1; diabetes, 1; aortic aneurysm, 1; bronchial asthma, 1;
with azithromycin prevented atherosclerosis in rabbits in- uremia, 1; cerebral bleeding, 1; and pulmonary embolism, 1). The
fected withC pneumoniaein earlier clinical studies, Gupta et ~mean (=SD) age of these cases was3fll7 years. In these cases,
al® and Gurfunkel et af found that antibiotic treatment of  S€rum samples were also available for serological testing (describec

. . . . . . . below).
patients with high titers of antibody againSt pneumoniae At autopsy, a K1-cm section of heart muscle was frozen at

significantly reduced the number of cardiac events. However, —70°C. Coronary arteries were dissected, and a 2-cm-long segmen
other studies-12 have failed to show similar seroepidemio- of the left anterior descending coronary artery (LAD) proximal to the
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first diagonal branch was removed in each case and fixed in 4%
buffered formalin. Pieces from the rest of the coronary arteries were
frozen at—70°C. Postmortem blood was collected via a femoral
vein. Sera were frozen at70°C for measurement of lipoprotein(a)
and other lipid fractions.

Formalin-fixed and paraffin-embedded coronary arteries were cut
in 4-um-thick serial sections for direct immunofluorescence exam-
ination and for May-Giowald-Giemsa staining. Frozen 10n-

thick tissue sections were also prepared for immunoperoxidase

staining.
All LAD segments were examined under light microscope, and

the degree of atherosclerosis was quantified by 2 independent

investigators as follows: grade 0, no atherosclerosis; grade 1,
arteries with intima plus media {IM) thickness <0.25 mm;
grade 2, arteries with+tM thickness 0.25 to 0.60 mm; grade 3,
arteries with kM thickness between 0.61 and 1.0 mm; grade 4,
arteries with k-M thickness between 1.01 and 1.5 mm; and grade
5, arteries with #M thickness>1.5 mm.

Atherosclerosis in the LAD was then divided into the following
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Direct Immunofluorescence

By direct immunofluorescence, 36 (86%) of 42 cases with
severe atherosclerosis were reactive for chlamydia. In con-
trast, only 1 (6%) of 18 cases with mild atherosclerosis was
reactive for chlamydia. The difference in the presence of
Chlamydiagenus—specific antibodies was highly significant
between the 2 group®€0.01). An example of immunofluo-
rescence reactivity t&€ pneumoniagn a case with severe
atherosclerosis is shown in the Figure (left panel).

Immunoperoxidase Staining

Immunoperoxidase staining for the presence Mfpneu-
moniaewas reactive in 32 (80%) of 40 cases with severe
atherosclerosis. In contrast, only 6 (38%) of 16 cases with
mild atherosclerosis were reactive f@ pneumoniaeThe
difference in immunopositivity was significari®€0.01). An

groups for the purpose of the study: no atherosclerosis, grade 0; mild example of immunoperoxidase reactivity@opneumoniaén
atherosclerosis, grade 1 to 2; and severe atherosclerosis, grade 3to %a case with severe atherosclerosis is shown in the Figure

Direct Immunofluorescence

The sections of the paraffin-embedded and formalin-fixed arteries
were deparaffinized with xylene and alcohol. They were stained by
use of a direct fluorescerthlamydiagenus—specific monoclonal

(right panel).

Serology
Serological results were available in 59 of 60 subjects. Serum

antibody (Pathfinder, Kallestad Diagnostics), and the sections were @Ntibodies tdC pneumoniaglgG titer =1/64) were presentin
examined under a UV microscope. The presence of apple-green40 cases. Nine of these 40 were also positiveGbtamydia

fluorescent particles was recorded. Positive control was Imagen
control slides (Dakopatts AB).

Immunoperoxidase Staining

Frozen sections of the coronary arteries were fixed in acetone and

stained withC pneumoniaespecific monoclonal antibody RR-402
(Dakopatts AB) against the major outer membrane protein and then
stained by the avidin-biotin complex immunoperoxidase method
with the Dako-LSAB kit (Dakopatts AB). The sections were then
counterstained by Mayer's hematoxylin. Coronary arteries positive
for C pneumoniady polymerase chain reaction served as positive
controls. Adjacent sections stained without primary antibody were
used as negative controls.

Serology

IgG and IgA antibodies taC pneumoniaewere measured by a
microimmunofluorescence test (Dakopatts AB). An IgG titer of
=1/64 and IgA titer of=1/16 were considered positive.

Statistical Analysis

All data are expressed as meaBD. Data in the 2 groups were
corrected for multiple comparisons. Results of direct immunofluo-
rescence and immunoperoxidase positivity were compared tast.

The relationship between IgG and IgA levels was examined by linear
regression analysis. R value of=0.05 was considered significant.
Software from InStat 2.01 for McIntosh was used for these analyses.

Results

Degree of Atherosclerosis
On examination of multiple LAD sections, 18 cases were

trachomatis and/or Chlamydia psittaci These sera were
excluded due to the possibility of cross-reactivity. Positive
antibody levels t&C pneumoniaevere present in 23 (61%) of
38 subjects with severe atherosclerosis and 8 (67%) of 12
subjects with mild atherosclerosis.

Serum antibodies t& pneumoniaglgA titers =1/16) were
present in 20 cases. Three cases were also positive for
C trachomatisand/or C psittaci These sera were excluded
due to the possibility of cross-reactivity. Positive antibody
levels to C pneumoniaewere present in 12 (30%) of 39
subjects with severe atherosclerosis and 5 (42%) of 12
subjects with mild atherosclerosis. The difference in seropos-
itivity was not significant between the 2 groups.

IgG levels correlated with IgA levels with a high degree of
correlation coefficient<0.001).

Discussion
In the present carefully conducted study in cases of autopsy-
proven coronary atherosclerosis, several key points associ-
ated withC pneumoniadecame evident.

Importantly, this study did not identify an association
between seropositivity t&€ pneumoniaand the degree of
atherosclerosis. In the past, the causative relationship
betweenC pneumonia@nd atherosclerosis was speculated
on the basis of seropositivity in previous stud#sClin-
ical trials to examine the causative role@fpneumoniaén
cardiac events were designed exclusively on the basis of

classified as mild atherosclerosis, and the remaining 42 casesseropositivity. Two recent clinical trials have shown re-
were classified as severe atherosclerosis. The mean age of theluction in acute cardiac events in a small number of

2 groups was 5418 and 64-16 years, respective)PENS).
All 60 cases had coronary atherosclerosis.
Data on immunofluorescence were available in all 60

patients with coronary artery disease treated with macro-
lide antibiotics?:1° However, a recent trial of azithromy-
cin3in a relatively large number of patients did not show

cases, but other data were not available in some cases. Thany benefit (in terms of reduction of acute cardiac events),

precise number of cases with the relevant study (and positiv-

ity, in percent) is expressed in the appropriate sections.

although the therapy decreased markers of infection and
inflammation. The results of the latter large clinical trial
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Left, Immunofluorescence staining of atheromatous plaques from human coronary artery. Direct fluorescent Chlamydia genus—specific

antibody (Kallestad) (positive stain). (Original magnificationx400). Right, Immunohistochemical staining of atheromatous plaques from
human coronary artery. C pneumoniae-specific antibody RR 402, 1:5 dilution (positive stain). (Original magnificationx400.)

and the present study indicate that seropositivity to a 2 different methods to define the presenceCgbneumoniae
ubiquitous organism, such & pneumoniagis not an direct immunofluorescence using a genus-specific probe and
index of severity of atherosclerosis in coronary arteries. immunoperoxidase stain with a highly specific monoclonal
Results of several other large studies have also yielded antibody. Both methodologies revealed a high rate of reac-
data that do not show a direct correlation between sero- tivity (86% and 80%) in severe atherosclerosis and a much
positivity and extent of coronary atherosclerosis and its lower rate (6% and 38%) in mild atherosclerosis. These
complicationgtt.12.14-16 observations clearly suggest th@t pneumoniaesxists and
Infection with C pneumoniaés common, especially in the  grows in the atherosclerotic regions and that its growth
Scandinavian countries, where populations live in a closed correlates with the degree of atherosclerosis. Fryer %t al
environment for a large part of the year. This may well showed thaC pneumoniaean infect human vascular endo-
explain the high incidence of seropositivity (62% for IgG and thelial cells and stimulate a 4-fold increase in the expression
33% for IgA) in our patients with coronary atherosclerosis. of tissue factor and platelet adhesi@pneumoniaean also
The absence of correlation between atherosclerosis andaccumulate, replicate, and maintain infection in human mac-
serum markers of prior infection witG pneumoniaghow- rophages and smooth muscle cef|shese cells show partic-
ever, does not exclude a causative rol€dCopneumoniaén ular susceptibility to infection witlC pneumoniaé It may be
coronary atherosclerosis. Experimental studies have indicatedspeculated that bacteria precipitate local thrombosis and lipid
that nasal inoculation with this organism causes localization peroxidation in vascular tissués?2” and the bacterial load
of this bacteria in arteries and accelerates the process ofdetermines the extent of atherosclerosis.
atherosclerosis in coronary arteri€sC pneumoniadas also There is much emphasis on genetic predisposition to
been identified in human atherosclerotic speciménz A development of coronary atherosclerosis. In related unpub-
variety of techniques, including immunocytochemistry, poly- lished data, we found a greater prevalence of immunoperox-
merase chain reaction, electron microscopy, and bacterialidase staining foC pneumonia@nd certain HLA-DR geno-
culture, have been used to confirm the presenceCof types (13, 15, and 17) in subjects with severe atherosclerosis
pneumoniaeAll these techniques have limitations in terms of than in those with mild atherosclerosis. These observations
identification of the presence & pneumonia€eThe choice of obviously raise the possibility of genetic predisposition to
method used to identifC pneumoniaemay explain why accumulation of bacteria in arterial tissues and development
some investigators have failed to identi@/pneumoniaen of atherosclerosis.
coronary atherectomy specim&hyhereas others have found These data suggest a link between localization of common
positivity rates as high as 80% in similar tiss@&®Ve used bacteria, such a€ pneumoniagin the arterial tissues and
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degree of atherosclerosis. Once the vessel wall is infected, thel3.
process of atherosclerosis is accentuated by activation of

Ericson et al

clotting system and inflammatory mediators. However, the
central role of infection in initiating atherosclerosis in most

patients with atherosclerosis remains far from clear. The

activation of inflammation and an immune response locally in

the coronary arteries may be a response to infection in some
patients. Nonetheless, the degree of immune response inis.

circulation (antibody titers) is not a predictor of the degree of
infection or the extent of atherosclerosis.
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