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Acute myocardial infarction (AMI) associated with unfa-
vorable prognosis is likely to be the consequence of a
diffuse active chronic inflammatory process that desta-
bilizes the whole coronary tree and myocardium, sug-
gesting a possible common causal agent underlying
both conditions. The main objective of this study was to
investigate whether Chlamydia pneumoniae (CP) infec-
tion occurred beyond the coronary plaques, namely in
the myocardium of individuals who died of AMI. The
presence of CP cell wall antigen (OMP-2) and CP-HSP60
was investigated in the myocardium and coronary
plaques of 10 AMI and 10 age-matched control patients
by immunohistochemistry, electron microscopy, and
molecular biology. OMP-2 antigens were found in the
unaffected myocardium of 9 of 10 AMI patients. Con-
versely, only 1 of 10 control patients exhibited a posi-
tive staining for CP. Moreover, OMP-2 and CP-HSP60
were detected in the whole coronary tree. CP presence
was strongly associated with a T-cell inflammatory in-
filtrate. Our results suggest that CP may underlie both
coronary and myocardial vulnerabilities in patients
who died of AMI and corroborate the notion that CP
may act by reducing cardiac reserves, thus worsening
the ischemic burden of myocardium. (Am J Pathol 2007,
170:33–42; DOI: 10.2353/ajpath.2007.051353)

Acute myocardial infarction (AMI) is, at present, the major
cause of death in western countries.1 Despite the use of
advanced medical and invasive procedures, the mortality
rates are up to 17% in the first year.2 Recognition and

treatment of common risk factors cannot fully explain and
help to prevent the occurrence of acute coronary syn-
dromes.1 Indeed, multiple pathogenetic components are
likely to be involved in these events. Hence, a better
understanding of the mechanisms underlying the disease
process will be of help in optimizing patient treatment.

Clinicopathological and angiographical observations
suggest that acute coronary syndromes do not reflect the
vulnerability of a single atherosclerotic plaque but the
burden of multiple vulnerable plaques studding the entire
coronary tree and associated with its diffuse inflammatory
infiltration.3–6 Moreover, we have recently demonstrated
that activated T lymphocytes infiltrate the myocardium
both in the peri-infarctual area and in remote unaffected
myocardial regions in patients who died of a first myo-
cardial infarction.7 The simultaneous occurrence of dif-
fuse coronary and myocardial inflammation in these pa-
tients further supports the concept that both coronary
and myocardial vulnerabilities concur in the pathogene-
sis of fatal AMI and suggests a possible common causal
agent underlying both conditions. Several autoantigens
expressed in the atherosclerotic plaque, including oxi-
dized low-density lipoprotein1,8 and infectious and heat
shock proteins (HSPs),9–11 are able to elicit an immune
response.

In several epidemiological and experimental studies,
Chlamydia pneumoniae (CP), among other infectious
agents, has been associated with the risk of ischemic
heart disease.12,13 Indeed, CP has been detected within
the atherosclerotic lesions by immunohistochemistry,
electron microscopy, polymerase chain reaction (PCR),
and tissue culture.14–17 In fact, considerable evidence
demonstrates the association of CP infection with athero-
sclerosis.18,19 In the light of these considerations, CP
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may be a potential agent involved not only in coronary
vulnerability but also in myocardial vulnerability. There-
fore, the main objective of this study was to investigate
whether CP infection occurred beyond the coronary
plaques, namely in the myocardium of individuals who
died of AMI. To detect the presence of CP cell wall
antigen (OMP-2)20 and chlamydial-HSP60 (CP-HSP60),
an immunohistochemical study has been performed on
coronary plaques and on remote unaffected myocar-
dium. The presence of CP in the myocardium was also
assessed by molecular biology techniques and electron
microscopy.

Materials and Methods

Patient Population

Two patient groups were prospectively collected, forming
the study population: 10 patients who died of AMI (AMI
group, six males/four females, mean age 72.1 � 2.1
years) and 10 age-matched control patients without clin-
ical cardiac history (CTRL group, six males/four females,
mean age 72.9 � 2.5 years) and who died of noncardiac
causes (Table 1). In the AMI group, the time lapse be-
tween symptom onset and death was less than or equal
to 72 hours for all cases. Clinical history and standard
electrocardiographic findings defined AMI.

Patients with chronic inflammatory diseases or tumors
were excluded from the study to avoid bias attributable to
immunological changes. No differences were observed
among the three groups in the distribution of the major
risk factors (hypertension, hyperlipidemia, smoke, diabe-
tes). All autopsies were performed within 12 to 24 hours
of death. This study was conducted in accordance with
the Human Research Committee guidelines of our
institution.

Tissue Handling and Processing

The hearts were weighed and fixed in 10% neutral-buff-
ered formalin. The three major epicardial coronary arter-
ies (left anterior descending, left circumflex, and right
coronary arteries) were carefully dissected from the
heart. Coronary segments from patients who died of AMI
were subdivided into two additional groups: infarct-re-
lated coronary arteries (IRA) and noninfarct-related cor-
onary arteries (non-IRA).

The following segments of the coronary tree were ex-
amined: AMI group: in the IRA coronary the culprit seg-
ment, including the thrombotic lesion, 2.5 cm long; in the
non-IRA a segment 2.5 cm long, in which maximum ste-
nosis was present; and CTRL group: a segment 2.5 cm
long, in which maximum stenosis was present. All coro-
nary segments were cut transversely at 5-mm intervals

Table 1. Clinical Data

Case
no. Age Sex Cause of death IRA Time* Risk factor Underlying morbidities

1 74 F AMI posterior wall R 6 to 24 hours Hyp, Smoke Emphysema
2 75 M AMI lateral wall LC 6 to 24 hours Hyp, Lip Hydrothorax, benign prostatic

hyperplasia
3 80 F AMI anterior wall LD 6 to 24 hours Hyp Emphysema
4 62 M AMI anterior wall LD 6 to 24 hours Diab, Lip
5 59 M AMI anterior wall LD 6 to 24 hours Smoke, Lip Acute gastric erosions, benign

prostatic hyperplasia
6 75 M AMI posterior wall R 24 to 72 hours Hyp, Smoke Emphysema
7 76 M AMI lateral wall LC 6 to 24 hours Smoke Emphysema
8 77 F AMI anterior wall LD 6 to 24 hours Hyp, Diab Benign prostatic hyperplasia
9 74 M AMI lateral wall LC 24 to 72 hours Hyp, Lip

10 69 F AMI anterior wall LD 6 to 24 hours Hyp, Smoke Emphysema
11 73 M Bronchopneumonia Hyp, Diab Heart hypertrophy
12 81 F Cirrhosis Smoke, Lip Anemia, acute gastric erosions,

emphysema
13 77 F Transmural infarction of

the small intestine
Diab, Smoke Pulmonary infarction

14 64 M Bronchopneumonia Hyp, Lip Heart hypertrophy and dilatation
15 72 M Pulmonary embolism Hyp, Lip Heart hypertrophy, benign prostatic

hyperplasia
16 55 M Severe gastrointestinal

bleeding
Lip Anemia, gastric peptic ulcer

17 75 F Intracranial hemorrhage Hyp, Smoke Heart hypertrophy
18 79 M Bronchopneumonia Hyp, Diab Heart hypertrophy, emphysema,

chronic pyelonephritis, benign
prostatic hyperplasia

19 75 F Bronchopneumonia Smoke Heart hypertrophy and dilatation, acute
gastric erosions

20 78 M Bronchopneumonia Hyp, Lip Heart hypertrophy and dilatation

* Period after myocardial infarction.
M, male; F, female; AMI, acute myocardial infarction; LD, left descending coronary artery; R, right coronary artery; LC, left circumflex coronary

artery; Hyp, hypertension; Diab, diabetes; Lip, hyperlipidemia.
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and decalcified if necessary. A total of 165 arterial seg-
ments were embedded in paraffin and serially sectioned:
110 from the AMI group (55 from IRA and 55 from non-
IRA coronaries) and 55 from the CTRL group. For his-
topathological examination, arterial sections were stained
with hematoxylin and eosin and Movat’s pentachrome
stain.

Myocardial slices were then cut transversely at
1.0-cm intervals from apex to base. The myocardium
was macroscopically examined to detect the presence
and extent of the infarcted area. In all cases, at least
one complete transverse heart slice was processed for
histopathological examination and the infarction con-
firmed by light microscopy. We selected for study only
those cases affected by infarct in a single coronary
artery distribution and in which acute infarct region was
correlated with the coronary artery containing the
thrombus.

Histopathological and Morphometric Studies

Plaques were classified into three categories, according
to the recent consensus document of the American Heart
Association:21 1) plaque “culprit,” characterized by the
presence of an acute thrombus associated with plaque
rupture or plaque erosion; 2) “vulnerable” plaques, in-
cluding a) “thin fibrous cap atheromata,” characterized
by a lesion composed of a lipid-rich core covered by a
less than 65-�m-thick fibrous cap containing many lipid-
laden macrophage foam cells (�25 per high-power mag-
nification),22 b) plaques with �90% stenosis, and c) su-
perficial calcified nodules. 3) The remaining plaques
were classified as “stable plaques.”

Immunohistochemical Stains for Conventional
Microscopy

An immunohistochemical study was performed in the
unaffected regions of myocardium and coronaries of both
experimental groups to evaluate the presence of CP,
CP-HSP60, and the inflammatory infiltrate. The presence
of CP cell wall antigen, namely OMP-2, was evaluated
through an antibody synthesized by the Department of
Infectious, Parasitic, and Immune-Mediated Diseases of
Istituto Superiore di Sanità (Rome, Italy) and produced
from purified recombinant proteins (R-proteins) OMP-2 in
mice, as previously described.20 Another commercial an-
tibody directed against the major outer membrane pro-
tein of CP (DakoCytomation Ltd., Glostrup, Denmark) was
also used.

On the same serial sections where the CP antigens
were detected, an immunohistochemical study was per-
formed to evaluate the presence of CP-HSP60 (clone
A57-B9; ABR, Golden, CO), the inflammatory infiltrate
and their activation status, using the following primary
monoclonal antibodies: CD68 (human macrophage; Da-
koCytomation Ltd.), CD3 (human T cells; DakoCytoma-
tion Ltd.), HLA-DR (DakoCytomation Ltd.), and interferon
(IFN)-� (R&D Systems, Minneapolis, MN). The number of
positive cells for each antibody was counted at �40

magnification both in the plaque shoulder region and in
the cap region. A mean of 10 randomly selected fields
per section was counted.

Multiple Immunostaining for Confocal
Microscopy

To study the co-localization of CP cell wall antigen in
cardiomyocytes (sarcomeric actin-positive cells) and in-
flammatory cells, namely T lymphocytes (CD3-positive
cells) or macrophages (CD68-positive cells), triple immu-
nostainings were performed. The sections were first in-
cubated with CP cell wall antigen and the fluorescent
visualization was obtained with a streptavidin-fluorescein
conjugate. After this first reaction, a second reaction with
a sarcomeric actin primary antibody (clone �-Sr-1;
DAKO, Glostrup, Denmark) revealed with streptavidin-
Texas Red fluorescent conjugate was performed. To in-
vestigate the CP co-localization with inflammatory cells, a
further reaction was performed alternatively with CD68
primary antibody and with CD3 primary antibody, re-
vealed with streptavidin-coumarin fluorescent conjugate.

Furthermore, to assess the presence of dendritic cells
and their CP infection in the myocardial interstitium, a
quadruple immunostain was performed. In particular, the
sarcomeric actin was revealed with Texas Red, CP
OMP-2 antigens with a streptavidin fluorescent conju-
gate, HLA-DR with coumarin and S-100 (DAKO) with
Q-Dot 605 streptavidin Tebu-Bio. Myocardial sections
were observed by means of conventional fluorescent
microscope and confocal microscope. The images were
acquired by means of Noran confocal microscope at
60�/1.4 NA immersion oil lens. Three-dimensional stacks
were acquired at a resolution of 0.1 �m in x, y, and z axes.

Ultrastructural Study

An ultrastructural study was performed in the unaffected
regions of myocardium to investigate CP presence. Myo-
cardial specimens were fixed in 0.1 mol/L phosphate-
buffered Karnovsky’s fixative. Tissue samples were post-
fixed in 1% phosphate-buffered osmium and embedded
in epoxy resin (Epon 812; Electron Microscopy Sciences,
Hatfield, PA). Ultrathin sections were examined by means
of Hitachi H-7100FA electron microscope (Hitachi Soft-
ware Engineering, Yokohama, Japan).

PCR Analysis

DNA was extracted from sections of paraffin-embedded
tissues using the QIAamp DNA mini kit (Qiagen GmbH,
Hilden, Germany). Chlamydia touchdown enzyme time
release-PCR was performed using a set of primers spe-
cific for CP as described by Madico and colleagues.23

The sequences are as follows: CPN 90, 5�-GGTCTCAA-
CCCCATCCGTGTCGG-3�; and CPN 91, 5�-TGCGGAA-
AGCTGTATTTCTACAGTT-3�.

The total volume of PCR mixture was 50 �l and con-
tained 5 �l of DNA, 100 pmol of each primer, 0.25 mmol/L
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deoxynucleosides triphosphates (dNTPs), 1 mmol/L
MgCl2, PCR buffer, and 2.5 U of Taq polymerase (Qia-
gen). Cycling times were 5 minutes at 94°C, followed by
60 cycles of denaturation at 94°C for 30 seconds, anneal-
ing beginning at 62°C and ending at 52°C for 45 sec-
onds, and extension at 72°C for 30 seconds. The anneal-
ing temperature was lowered by 1°C every four cycles
until it reached 52°C, and this annealing temperature was
kept until the end of the cycling process. PCR products
(20 �l) were separated by electrophoresis in a 2.5%
agarose gel to detect the 197-bp product.

CP presence was also assessed by a seminested PCR
similar to the one described by Skowasch and col-
leagues.24 The primers used for the first PCR were
as follows: hsp1s, 5�-GTTGTTCATGAAGGCCTACT-3�;
hsp1AS, 5�-TGCATAACCTACGGTGTGTT-3�. The prim-
ers used for the second PCR were hsp1s and hsp2AS,
5�-TTTATTTCCGTGTCGTCCAG-3�. The total volume of
the first PCR mixture was 50 �l and contained 5 �l of
DNA, 100 pmol of each primer, 0.25 mmol/L de-
oxynucleosides triphosphates (dNTPs), 6.7 mmol/L
MgCl2, PCR buffer, and 2.5 U of Taq Gold polymerase
(Perkin Elmer, Norwalk, CT). The reaction was hot-started
at 95°C for 10 minutes before the addition of the Taq
polymerase and was followed by 45 cycles of denatur-
ation at 95°C for 45 seconds, annealing at 54.5°C for 1
minute, and extension at 72°C for 30 seconds followed by
a final 7-minute extension at 72°C. An aliquot (3 �l) of
reaction mixture of the first PCR was used for the second
amplification. The total volume of the second PCR mixture
was 50 �l and was identical to the first PCR. PCR prod-
ucts of the second amplification (25 �l) were separated
by electrophoresis in a 2.5% agarose gel.

Nested PCRs were performed for the detection of Hel-
icobacter pylori (HP) and cytomegalovirus (CMV) accord-
ing to the protocol described by Rassu and colleagues.25

The two sets of primers for HP identify the urease gene of
HP DNA. The target of amplification for CMV was located
within the morphological transforming region II (mtr II) of
the CMV genome. PCR products of the second amplifi-
cation (20 �l) were separated by electrophoresis in a
2.5% agarose gel.

Statistical Analysis

Statistical analysis of the data were performed with SPSS
for Windows (version 11.0; SPSS, Chicago, IL). An un-
paired t-test was used to assess intergroup differences
for continuous variables. The �2 test was used to estab-
lish differences in the distribution between categorical
variables. A P value of �0.05 was considered statistically
significant.

Results

Myocardium

The presence of OMP-2 antigen was demonstrated by
immunohistochemistry in the unaffected myocardium,
where signs of ongoing or very recent necrotic cell death

were absent, in 9 of 10 AMI patients (Figure 1A). Con-
versely, only 1 of 10 control patients presented a positive
staining for CP (Figure 1B). CP formed immunoreactive
aggregates within most cardiomyocytes, sometimes re-
stricted to the perinuclear region (Figure 1A). These ag-
gregates showed at electron microscopy the morphology
of abnormal reticulate bodies (RBs)26 (Figure 1C) and
were characterized by a membrane-bound vesicle,
larger than normal RBs, displaying multiple electron-
dense sites, possibly representing nucleoid condensa-
tion, near the CP cell wall. The ultrastructural study did
not provide evidence of necrosis or apoptosis in the
infected cardiomyocytes.

CP infection of unaffected myocardium was also
confirmed by the PCR technique using two different
nested methods for detection (Figure 1D), demonstrat-
ing the presence of CP in the nine CP-positive AMI
patients at immunohistochemistry. In all cases a diffuse
positivity of myocardium for CP-HSP60 antibody
was observed. The immunoreactivity pattern was com-
parable with that of human-HSP60. Nested PCR
also detected HP DNA in the unaffected myocardium
of 1 in 10 AMI patients and CMV DNA in one CTRL
myocardium.

In AMI patients, a variable number of activated T lym-
phocytes (CD3�/DR�) was found in remote unaffected
myocardial regions, in the perivascular compartment as
well as in the interstitium, whereas none was found in the
control hearts. In situ multiple immunostaining, examined
by confocal microscopy, revealed that CP antigens co-
localized mainly with cardiomyocytes (Figure 2, A and B).
The inflammatory cells (macrophages or T lymphocytes)
did not co-localize with CP antigens (Figure 2, A and B).
Co-localization of S-100 and HLA-DR reaction demon-
strated the presence of few dendritic cells scattered in
the interstitium of unaffected myocardium in AMI patients
(Figure 2C). Quadruple immunostain revealed the pres-
ence of CP antigens in some of the dendritic cells we had
observed. HLA-DR reaction was diffusely negative in
cardiomyocytes.

Coronary Plaques

CP OMP-2 antigen was detectable in the coronary
plaques of all 10 AMI patients (Figure 3A). In particular,
60 of the 110 coronary segments examined (54.5%), at
least one for each patient, showed positive reaction for
OMP-2 antigen (Table 2). As for the CTRL group, the
positive staining for CP antigens was detected only in
3 of 10 patients, namely in 7 of the 55 coronary seg-
ments examined (12.7%) (P � 0.0001). In all cases, the
positive staining for CP was associated with positivity
for CP-HSP60. In AMI coronaries, the immunoreactivity
for CP OMP-2 and CP-HSP60 was unrelated to the
plaque type, both in infarct- and noninfarct-related cor-
onary arteries (Table 2). A severe and diffuse inflam-
mation of the coronary tree was observed in patients
who died of AMI compared with the CTRL group
(121.6 � 12.4 cell � mm2 versus 37.3 � 11.9 cell �
mm2; P � 0.001). Moreover, in coronaries from AMI
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patients, immunohistochemical analysis showed the
presence of numerous HLA-DR- and IFN-�-positive T
lymphocytes indicating an activated state (Figure 3C),
whereas fewer activated lymphocytes were in the
CTRL group (Figure 3F).

Discussion
Although confirming previous studies on CP presence in
vascular tissues of patients affected by coronary athero-

sclerosis,14,16 this report provides, for the first time, sub-
stantial evidence, obtained through different and con-
verging methods, that CP is primarily present in the
myocardium of patients who died of AMI (Figures 1 and
2). Moreover, OMP-2 and CP-HSP60 were present in the
whole coronary tree, well beyond the culprit lesion and
the infarct related artery (Figure 3). Finally, CP presence
was strongly associated with a diffuse inflammatory infil-
trate consisting of activated T cells, more numerous in the
entire coronary tree than in the myocardium.

Figure 1. Evidence of C. pneumoniae (CP) in the cytoplasm of myocardiocytes through different converging methods: A: Unaffected myocardium of a patient
who died of AMI: immunohistochemistry shows the presence of immunoreactive aggregates constituted by CP cell wall antigen (namely OMP-2), within the
cytoplasm, sometimes in the perinuclear region. B: Myocardium of a patient without clinical cardiac history who died of noncardiac causes. No CP cell wall antigen
was observed in the cytoplasm of myocardiocytes by immunohistochemistry. C: Transmission electron micrograph of CP within a myocardiocyte of a patient who
died of AMI: large abnormal reticulate body, surrounded by a number of mitochondria, displaying multiple electron dense sites, possibly representing nucleoid
condensation near the CP cell wall (arrowheads). D: Myocardial CP detection by PCR: CP was detected by myocardial DNA amplification from AMI patients and
CTRL group. The expected size of the amplified product was 197 bp as shown by the arrow. MW: 50-bp molecular weight size marker. Original magnifications,
�20 (A, B).
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Studies of CP pathogenesis have shown that this or-
ganism can infect several human cytotypes involved in
the formation of the atherosclerotic plaques such as mac-
rophages, endothelial cells, and smooth muscle
cells.17,27,28 Besides, CP may act as a proatherosclerotic
agent, increasing both lipidic peroxidation and local pro-
thrombotic status, modulating the tissue factor expres-
sion and the platelet cell adhesion to endothelial cells.29

CP-HSP60 seems to play a key role in the CP infection
injury.16 Owing to the molecular mimicry between chla-
mydial and human HSP epitopes, it is possible that au-
toimmune and cross-reactive immune responses to HSPs
may be elicited. Moreover, under conditions such as the
presence of IFN-�, a cytokine secreted by activated T
cells and macrophages within atheroma, CP can achieve
a state of intracellular chronic persistent infection. In this

state, CP remains viable but metabolically quiescent and
does not replicate.27 During such a chronic persistent
infection, HSP60 production increases substantially,
whereas the major outer membrane protein becomes
almost undetectable.27 Biasucci and colleagues30 dem-
onstrated the correlation between high title of antibodies
to CP-HSP60 and occurrence of an acute coronary event.
High levels of CP-HSP60 were present in 99% of patients
with acute coronary syndrome and in 20% of patients with
stable angina whereas it was totally lacking in patients of
the control group.30 Moreover, Benagiano and col-
leagues31 have described an infiltration of CP-specific
T-cell clones directed against both CP and human
HSP60, within atheromatous plaques of the human ca-
rotid. It is noteworthy that almost all of these T cells were
activated T-helper cells expressing inflammatory Th1 cy-

Figure 2. Confocal microscopic examination of the unaffected myocardium of an AMI patient (two-dimensional reconstruction with pseudocolors). A: Triple
immunostain for cardiomyocytes (sarcomeric actin, Texas Red; A1), macrophages (CD 68, cumarin; A2), and CP OMP-2 antigens (FITC; A3). Cardiomyocytes
observed gave rise a strong positive reaction for CP OMP-2 in the cytoplasm (double positivity, appears as yellow stain), whereas the rare macrophages scattered
among cardiomyocytes are negative for CP antigen (arrow). B: Triple immunostain for cardiomyocytes (sarcomeric actin, Texas Red; B1), T lymphocytes (CD3,
cumarin; B2), and CP OMP-2 antigens (FITC; B3). Two-dimensional reconstruction shows that T lymphocytes are not infected by CP (arrow). C: Quadruple
immunostain for cardiomyocytes (sarcomeric actin, Texas Red; C1), CP OMP-2 antigens (FITC; C2), HLA-DR (cumarin; C3), S-100 (Q-Dot 605 streptavidin
Tebu-Bio; C4). Co-localization of S-100 and HLA-DR reaction in the two-dimensional reconstruction demonstrated the presence of few dendritic cells (double
positivity revealed by light blue-white stain) some of which were positive also for CP OMP-2 antigens (pale green dot in the circle). HLA-DR reaction was diffusely
negative in cardiomyocytes. C5: Magnification of a dendritic cell observed in C.
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tokines, suggesting their critical role in the inflammation-
dependent plaque destabilization.31,32

Besides the serological and morphological evidence
of an association between CP and IMA,10,12,13,30

throughout the last years many pathogenic agents, such
as cytomegalovirus33,34 and Helicobacter pylori,35 poten-
tially correlated with acute coronary syndromes, have
been identified in the coronary plaques. Ott and col-

Figure 3. Immunohistochemistry evidence of the presence of C. pneumoniae (CP) antigens within coronaries. A–C: Coronary artery of a patient who died of AMI.
A strong immunoreactivity to OMP-2 antigens of CP (A) and to CP-HSP60 (B) was detectable in correspondence of the cap rupture. In AMI coronaries,
immunohistochemical analysis showed also the presence of numerous inflammatory cells, constituted by macrophagic foam cells and T lymphocytes (arrow),
positive for IFN-� (C), indicating an activated state and a Th1-mediated immune response. *The flap of disrupted cap. D–F: Coronary artery of a patient without
clinical cardiac history who died of noncardiac causes. D: A weak positive staining for OMP-2 antigens was detected only in few macrophagic cells. Inset:
High-power magnification of the squared area. E: Weaker CP-HSP60 staining compared with AMI coronary plaques. The immunostaining to IFN-� (F) was almost
negative in the few infiltrating lymphocytes (arrow). Original magnifications: �20 (A–E); �60 (D, inset).
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leagues36 recently demonstrated the presence of diverse
bacterial signature in atherosclerotic lesions of patients
with coronary heart disease. These observations further
support the hypothesis that, apart from the etiological
agent, modifications of the adaptive immune response
elicited by infectious antigens may have a crucial role in
coronary vulnerability. However, independently of the
pathogenesis of plaque vulnerability and rupture, our
data, although observed in a small group of patients,
allow us to hypothesize a role of CP in the outcome of
AMI.

Previous experimental and human studies have dem-
onstrated the persistence of CP only in the myocardium
of patients with CP-induced myocarditis.18,19 Cardiac
myosin-induced autoimmune myocarditis is dependent
on T cells that recognize a heart muscle-specific pep-
tide.18 Experimental data provide evidence, in vivo as
well as in vitro, of molecular mimicry between CP antigens
and heart-specific proteins and indicate that bacterial
peptides can trigger tissue-specific inflammation of the
heart.18,19 Like the inflammation that follows immunization
by the endogenous autoantigen derived from �-myosin
heavy chain, such as MTA-�, the disease induced by
CP-derived peptides is characterized by perivascular
and pericardial infiltration of mononuclear cells.19 These
data further support the existence of an antigenic mimicry
between the endogenous myosin epitopes and CP
epitopes that is probably strongly connected with inflam-
matory heart disease.18 Infections by CP that carry pep-
tides mimicking endogenous heart-specific and heart-
pathogenic epitopes lead to activation of autoaggressive
lymphocytes. It is relevant that the OMP-2 antigen is
CP-specific, and to our knowledge, no human homolo-
gous counterpart is present in the heart.20

In our cases, only few activated T lymphocytes have
been found in the remote unaffected myocardium (CP-pos-
itive), and their presence was not accompanied by signs of
apoptosis or ongoing or recent necrotic cell death, as de-
scribed in CP-induced myocarditis. The absence of signs of
myocarditis in the unaffected myocardium has been dem-
onstrated by the ultrastructural study and HLA-DR-negative
reaction in cardiomyocytes. In fact previous studies showed
that expression of HLA-DR antigens is up-regulated in
acute myocarditis and represents a helpful tool to distin-

guish between inflammatory myocardial disease and non-
inflammatory disease in patients with congestive heart fail-
ure.37,38 Nevertheless, our morphological study does not
allow us to assess whether CP directly infects cardiomyo-
cytes or if the infection is mediated by inflammatory cells
(infected macrophages and/or T lymphocytes) trafficking
through the myocardium.

A condition quite similar to our observations has been
reported by Wang and colleagues,39 who described the
CP-induced damage of cardiomyocytes isolated from
neonatal rats. The infected myocytes contained elemen-
tary bodies of CP (ie, the infectious form of the organism).
In this condition CP induces damage of myocytes
through an increased of release lactate dehydrogenase
and production of reactive oxygen species (ROS). How-
ever, this organism did not determine nuclear apoptosis
of damaged myocytes.

The immune response observed in AMI patients, dif-
ferently from that of myocarditis, could be attributable to
the persistent infection state of CP. Indeed, through elec-
tron microscopy studies, we have shown that in AMI
patients CP has the morphology of abnormal RBs, corre-
sponding to a nonreproductive persistent infection (Fig-
ure 1C). This condition is characterized by a low grade of
aggressiveness but also by a highly immunostimulatory
and proinflammatory state, according to Hammer-
schlag.27 There is evidence that CP induces the release
of ROS as well of cytokines and adhesion molecules even
at this stage.40 Therefore, we could assume that CP may
elicit an increase in the intracellular ROS level in the
infected cardiomyocytes distant from the infarction. Even
if this release does not induce morphological alterations,
it could determine a functional damage of ROS with a
reduction in cardiac reserve. Although their role in the
pathogenesis of clinical heart failure remains unclear,
ROS have been implicated in most processes thought to
have a significant effect on cardiac function, including
hypertrophy, ion flux and calcium handling, extracellular
matrix configuration, vasomotor function, metabolism,
gene expression, and downstream signaling of several
growth factors and cytokines.41

The ability of determining persistent infections is one of
the major characteristics of CP and has been implicated
in the pathogenesis of many chronic diseases apart from

Table 2. Immunohistochemical Results

AMI group Control group P

CP-OMP-2 positivity
In the unaffected myocardium:

Cases (no., %) 9/10 (90%) 1/10 (30%) 0.0003
In the coronary tree:

Cases (no., %) 10/10 (100%) 3/10 (30%) 0.001
Coronary segments (no., %) 60/110 (54.5%) 7/55 (12.7%) 0.0001

Ruptured and vulnerable
Plaques (no., %) 15/28 (53.6%) 0/4 0.04
Stable plaques (no., %) 45/82 (54.9%) 5/51 (9.4%) 0.0001

CP-HSP-60 positivity in the coronary tree
Cases (no., %) 10/10 (100%) 6/10 (60%) 0.02
Coronary segments (no., %) 79/110 (71.8%) 8/55 (14.6%) 0.0001

Plaque inflammation* (mean � SEM) 121.6 � 12.4 37.3 � 11.9 0.001

*CD68- and CD3-positive cells � mm2.
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atherosclerosis, including pelvic inflammatory disease,
arthritis, and asthma.27 Moreover, during the persistent
state, the metabolic activity of the infectious organism is
reduced, and it is often refractory to antibiotic treat-
ment.27 This circumstance could explain, at least par-
tially, the variable results obtained in recent clinical trials
using the azithromycin or gatifloxacin treatment for sec-
ondary prevention of coronary events.42,43 As reported
by the same authors, the Azithromycin and Coronary
Events Study had several limitations, including the ad-
vanced stage of disease, the possibility that the antibiotic
does not reach the microorganism in the chronic lesions
of atherosclerosis, the possibility that the treatment was
not continued long enough or that the dose of antibiotic
given was too small, and the possibility that the antibiotic
was not sufficiently effective against CP.42 Moreover,
Gieffers and colleagues44 found that CP infection in cir-
culating monocytes from patients who had been treated
for coronary heart disease was refractory to azithromycin:
antibiotic treatment did not inhibit CP growth within mono-
cytes, and after withdrawal of antibiotic therapy, CP could
be cultured from monocyte cell lines. This case, as well
as ours, dealt with CP persistent infection. Finally, the
association of CP infections with mature or advanced
lesions raises the possibility that atherosclerotic plaques
may secondarily form functional biofilms.45 Therefore,
according to Anderson,46 despite the negative results of
the recent trials, it is not right to elicit that CP infection
may not be anymore considered as the causal agent of
coronary atherothrombosis.

The achieved results have demonstrated the pres-
ence, in one AMI case, of HP-specific DNA sequences
and, in one control case, of CMV DNA. As for the HP-
positive case, a double infection can be assumed, as
demonstrated recently in coronaries by Ott and col-
leagues,36 even if it is not possible to exclude contami-
nation during autopsy. With regard to the CMV-positive
control case, it must be stressed that the histological
examination did not reveal signs of CMV myocarditis. The
possibility to find a viral genome in the myocardium in the
absence of myocarditis has been recently demonstrated
by Kühl and colleagues47 in a study on endomyocardial
biopsies of patients with left ventricular dysfunction.

In conclusion, our results suggest that CP may underlie
both coronary and myocardial vulnerabilities in patients
who died of AMI. The presence of activated T cells and
dendritic cells suggests that CP may trigger an immune
response that elicits a widespread active inflammation of
coronaries and unaffected myocardium. On the other
hand, the ROS produced by CP reticular bodies could
induce myocardial dysfunction. Together with either of
these hypotheses, our observations corroborate the no-
tion that CP may act by reducing cardiac reserve, thus
worsening the ischemic burden of myocardium.
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