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ABSTRACT An association ofChlamydiapneumoniae with
atherosclerosis ofcoronary and carotid arteries and aorta has
been found by seroepidemiology and by demonstration of the
organism in atheromata. Age-matched control tissue from
persons without atherosclerosis was usually not available. We
studied autopsy tissue from young persons, many with no
atherosclerosis, to determine whether C. pneumoniae is
present in atheroma in young persons with early atheroscle-
rosis and to compare the findings in age- and sex-matched
persons without atherosclerosis. A left anterior descending
coronary artery sample, formalin-fixed, from 49 subjects,
15-34 years of age, from the multicenter study called Patho-
biological Determinants of Atherosclerosis in Youth (PDAY),
was examined by immunocytochemistry and the polymerase
chain reaction (PCR) for the presence of C. pneumoniae and by
PCR for cytomegalovirus. A hematoxylin/eosin-stained sec-
tion was used to determine disease present in the studied
sample. Seven of the artery samples were found to have
atheromatous plaque, 11 had intimal thickening, and 31 had
no lesions. Eight of the samples were positive for C. pneu-
moniae by immunocytochemistry (n = 7) and/or PCR (n = 3).
Six of the 7 (86%) atheroma, 2 of the 11 (18%) with intimal
thickening, and none of the 31 normal-appearing coronary
samples were positive. Four were positive by PCR for cyto-
megalovirus, 2 from diseased arteries and 2 from normal
arteries. Examination of the adjacent left coronary artery
sample with a fat stain found abnormalities in 25 of the
patients, but 19 still showed no evidence of atherosclerosis as
a result of either examination. Thus, C. pneumoniae is found
in coronary lesions in young adults with atherosclerosis but
is not found in normal-appearing coronary arteries of both
persons with and without other evidence of atherosclerosis.

A single cause for lesions of atherosclerosis has, thus far, not
been found. A number of risk factors have been discovered that
enhance the rate of progression of atherosclerotic lesions and
increase the frequency of its sequellae, such as myocardial
infarction. The concept that causation of atherosclerosis likely
involves several factors is now considered reasonable.
The possibility that infectious agents might play a role in the

development of atherosclerosis that one of us (E.P.B.) pro-
posed some years ago (1) has received increasing attention in
recent years. The presence of herpes simplex virus (2) and
more recently cytomegalovirus (CMV) (3) in atherosclerotic
lesions has been described, and the role of viruses in the
development of the vascular sclerosis associated with organ
allograft rejection of both heart and kidney is now established
(4). A newly recognized infectious agent, Chlamydia pneu-
moniae TWAR, has more recently been associated with ath-
erosclerosis (10-19).
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The TWAR strain of Chlamydia was first isolated from a
respiratory infection in 1983 (5) and in 1989 was established (6)
as the third species of Chlamydia, called Chlamydia pneu-
moniae. It has been shown to be an important cause of
pneumonia and other respiratory infections in adults (7) and
children (8).

All three of the chlamydial species that infect humans
(Chlamydia trachomatis, Chlamydia psittaci, and C. pneu-
moniae) have been associated with endocarditis and myocar-
ditis (9). Seroepidemiological studies have associated C. pneu-
moniae with coronary artery disease (10-14) and carotid artery
disease (15).
The C. pneumoniae organism has been demonstrated in

atheromatous plaques of coronary arteries in autopsy tissue by
electron microscopy, immunocytochemistry (ICC), and the
polymerase chain reaction (PCR) (16, 17). In autopsy aorta
tissue, C. pneumoniae was found in macrophages and smooth
muscle cells of atheroma by double ICC staining (18). The
organism was found in 20 of 38 tissue specimens removed at
coronary atherectomy (19). Similar results have been obtained
with tissue removed at carotid endarterectomy, where >50%
of such tissue from different sources showed C. pneumoniae by
ICC and/or PCR (unpublished data). While normal-appearing
segments of coronary and carotid arteries and aorta have been
studied and found negative for C. pneumoniae, tissue from
age-matched control persons without atherosclerosis have not
been available.

In an effort to better understand the significance of finding
C. pneumoniae in atheromata, this paper reports a study of
autopsy coronary artery segments from young adults (15-34
years old) whose autopsies conducted by means of an exacting
protocol have been thoroughly evaluated for atherosclerosis.
Those studied included persons with and without evidence of
atherosclerosis.

MATERIALS AND METHODS
Tissue. The tissues studied came from the multicenter

research program entitled the Pathobiological Determinants
of Atherosclerosis in Youth (PDAY). This is an investigator-
initiated study that has obtained and evaluated standardized
pathologic specimens and risk factor data from nearly 3000
individuals 15-34 years of age (21-23). The protocol for our
study called for 60 specimens from Caucasian males, 50% from
persons with some atherosclerosis demonstrated in routine
PDAY studies, and the other 50% from persons with no
atherosclerotic lesions. Half ofeach of the diseased and control
groups were to be in the age group 15-24 years and half in the
age group 25-34 years. The PDAY autopsy protocol called for

Abbreviations: PDAY, Pathobiological Determinants of Atheroscle-
rosis in Youth; ICC, immunochemistry; LAD, left anterior descending;
CMV, cytomegalovirus.
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coronary artery samples that were from predetermined sites
and were consistently sized, preserved, and prepared for study.
We were provided sample 46, which is a segment of the left
anterior descending (LAD) coronary artery that was formalin-
fixed by pressure perfusion. It was directly adjacent distally
from the core reference sample 45, and the presence of disease
and the severity and type of the lesions were classified for all
samples. Because of the small number of specimens in each age
and disease category, no effort was made in this initial study
to determine differences by gender or race.
A total of 49 specimens was available for this study and due

to the absence of some of the types of samples requested, the
age group 15-24 years was somewhat underrepresented. The
unmounted tissues were stored and shipped in formalin.

Procedure. The samples were trimmed and paraffin-
embedded. Four-micrometer sections were mounted and

stained for microscopic study with hematoxylin/eosin and with
monoclonal antibodies for ICC described below. Sixteen-
micrometer sections were used for PCR. The coronary arteries
of the patients studied had been classified as to disease from
the adjacent LAD coronary sample (sample 45) with oil red 0
fat stains. The hematoxylin/eosin-stained sections were used
for determining intimal lesions in sample 46, the same sample
that was studied for the presence of C. pneumoniae.
ICC. The ICC of chlamydial antigens employed a Chlamydia

genus-specific mouse monoclonal antibody, CF-2, directed
against chlamydial lipopolysaccharide and the avidin-biotin
complex immunoperoxidase system with diaminobenzidine/
nickel chloride color modification (ABC Elite; Vector Labo-
ratories). The slides were counter stained with methyl green.
For negative controls, duplicate tissue sections were stained
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FIG. 1. Immunocytochemical staining of a fibrous plaque with C. pneumoniae species-specific monoclonal antibody (TT-401, 1:1000 dilution)illustrates positively stained (dark brown) foam cells (arrows) localized in the deep layer of plaque (A) and the adjacent section stained with negative
control antibody (normal ascitic fluid) shows no immunostaining (B). The tissues were counterstained with hematoxylin. (x400.)
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with normal mouse ascitic fluids and positive controls were
sections of formalin-fixed cell pellets of HeLa cells infected
with C. pneumoniae and stained with CF-2 antibody.

All tissues that were positive with the genus antibody CF-2
were also stained with a C. pneumoniae species-specific mono-
clonal antibody, TT-401, and a C. trachomatis species-specific
monoclonal antibody, KK-12, to determine the Chlamydia
species present.
PCR. PCR for C. pneumoniae was done by using the HL-1,

HR-1 primer set as described by Campbell et al. (24). DNA was
purified from tissues either as described (17) or by Qiagen
columns by the directions of the manufacturer (Qiagen, Chats-
worth, CA). Mock extractions of buffer were done and am-
plified to ensure that no contamination occurred during DNA
isolation. A control consisting of PCR reagents without any
specimen and various dilutions of purified C. pneumoniae
DNA were used in each PCR as the negative and positive
controls, respectively. Confirmation of presumptive positives
and detection of products below the sensitivity of agarose gels
were done by immunochemiluminescence with the 474-bp Pst
I C. pneumoniae-specific fragment as a probe of Southern blot
transfers as described by Kuo et al. (17). If the specimen was
negative, aliquots were seeded with 100 fg of C. pneumoniae
DNA and reamplified to rule out that the negative results were
due to inhibition of PCR. If inhibition was observed, drop
dialysis against sterile water was performed and PCR was
repeated.
For detection of CMV DNA by PCR, the MIE4 and MIE5

primers and reaction mixtures described by Demmler et al. (25)
were used with minor modifications. Both primers were syn-
thesized without the 5 bases on the 5' end resulting in 20-mer
primers instead of the 25-mer primers as described (25). Each
cycle consisted of denaturation of DNA at 94°C for 1 min,
reannealing at 50°C for 1 min, and primer extension at 72°C for
1 min. A total of 46 cycles was done. CMV DNA at various
dilutions was used as the positive control. All other controls
were performed as described above. Confirmation of products
was made by using the 430-bp sequence as the probe.
To minimize the risk of contamination appropriate precau-

tions were taken as described (17, 19).

RESULTS
Eight of the 49 coronary tissue samples were positive for C.
pneumoniae by ICC and/or PCR. Of the 7 samples ICC-
positive by the Chlamydia genus-specific antibody, 5 were also
positive by the C. pneumoniae species-specific antibody (Fig.
1), and all were negative by the C. trachomatis species-specific
antibody. Table 1 shows these results by age group and by
disease description based on the immediately adjacent hema-
toxylin/eosin-stained slide. Tissue from only one of the young-
est persons (15-24 years) was positive. All C. pneumoniae-
positive tissues had lesions, either definite atheromatous
plaques or at least more than a diffuse intimal thickening (26).

Table 1. Results of ICC and PCR studies for C. pneumoniae with
LAD coronary artery samples

No. positive

Sample No. tested ICC PCR ICC and/or PC
Age group

15-24 years 22 1 0 1
25-34 years 27 6 3 7

Classification
Atheroma 7 6 1 6
Intimal thickening 11 1 2 2
Normal 31 0 0 0

Total 49 7 3 8

C. pneumoniae was not found in any coronary samples without
lesions.
There is a highly statistically significant difference between

the C. pneumoniae results in Table 1. The difference between
atheroma and normal, between atheroma plus intimal thick-
ening and normal, and between atheroma and normal plus
intimal thickening had values ofP < 0.0001 by the Fisher exact
two-tailed test.
The adjacent coronary sample 45, stained with oil red 0 for

fat, was reviewed by the scientists at the PDAY administrative
center where most of the evaluation of histopathological prep-
aration was carried out. There were 24 samples without
evidence of any atherosclerotic disease and 25 samples with
disease (5 with fatty streaks, 17 with fatty plaques, and 3 with
fibrous plaques). When we compared these findings to the
disease classification of sample 46 (Table 1), we found that
there were 19 studied persons without evidence of atheroscle-
rosis in either examination. With one exception, all of the
sample-46 artery segments classified with atheromatous
plaques had plaques demonstrated by fat stain in segment 45.
That one was positive for C. pneumoniae. Of the two C.
pneumoniae-positive segments classified as intimal thickening,
one had plaque in segment 45 and the other had no lesion.
Four of the 49 LAD coronary artery samples (sample 46)

tested by PCR for CMV were positive. One positive was a
segment with atheromatous plaque that was also positive for C.
pneumoniae. One was from a segment with intimal thickening
that was negative for C. pneumoniae. The other two were from
normal-appearing tissue.

DISCUSSION
There are two major results from this study of coronary
arteries obtained at autopsy of young adults. One is that C.
pneumoniae can be found in a high proportion of atheromatous
plaque lesions of coronary arteries of young people. The other
is that in tissue from age- and sex-matched controls without
evidence of atherosclerosis, no C. pneumoniae is found by the
same ICC and PCR techniques.
While both the ICC and PCR were positive in the diseased

samples and not in the normal tissue, the PCR test appeared
to be less sensitive. It is possible that the long exposure to
formalin may have had a deleterious effect on the DNA of C.
pneumoniae (20, 27-30).

The PCR results with CMV primers may also have been
affected by the formalin fixation. While the number of posi-
tives (n = 4) is small for meaningful correlations, the fact that
two were from diseased and two from normal arteries suggests
that there is a less important association with atherosclerosis
than observed with C. pneumoniae.
These results, as did those of previous studies of arterial

tissue (16-19) and the seroepidemiological studies (10-15),
show an association of C. pneumoniae with atherosclerosis but
do not prove an etiologic or pathogenic role for the organism
in the disease. This study's frequent finding of the organism in
lesions in young persons and the lack of organisms in normal
arteries of matched controls add important circumstantial
evidence that C. pneumoniae may be influencing the disease
process.
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