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Inflammation of atherosclerotic plaque is an important
factor of instability. However, the cause of this inflammation
still remains unclear 1,2. Oxidized low-density lipoproteins
(LDL) 3,4, tissue factor 5, and other factors have been conside-
red important in the development of rupture and thrombosis
of the plaque 6,7. Infectious agents have been investigated
and the results have been controversial. When infectious
agents are found, sometimes their presence does not correlate
with the degree of inflammation or stenosis, among other
parameters. Therefore, doubt exists about whether the
infectious agents play an active role in atherogenesis and in
triggering of inflammation and plaque rupture or whether they
are passive inhabitants of the plaque 8-10. The low positivity
or absence of infectious agents, mainly of Chlamydia pneu-
moniae (C. pneumoniae), and the presence of the antigen or
heat shock protein of chlamydia has led authors to suggest
indirect mechanisms of immunologic activation induced by
those agents 11,12. Most anatomicopathological studies have
sought an association between C. pneumoniae and atheros-
clerotic plaques in general or the intensity of plaque obstruc-
tion 13-15. Thrombosed ruptured plaques associated with
myocardial infarction have not been analyzed, despite the
clinical and serological evidence favoring the pathogenetic
participation of C. pneumoniae in acute myocardial infarc-
tion. Studies 16,17 attempting to correlate the levels of antibo-
dies against C. pneumoniae or the presence of this bacterium
in the circulating blood found no significant difference bet-
ween patients experiencing or not experiencing acute myo-
cardial infarction. However, clinical studies comparing pa-
tients treated with antibiotics versus those not treated after
an episode of myocardial infarction showed that those treated
with antibiotics evolved with fewer complications 18,19, but
this result was not maintained in a long-term follow-up 20.

In a previous study 21 using the techniques of immuno-
histochemistry, in situ hybridization (ISH), and electron mi-
croscopy, we reported a great amount of C. pneumoniae

Objective – To study atheromas, Mycoplasma pneu-
moniae (M. pneumoniae), and Chlamydia pneumoniae (C.
pneumoniae).

Methods – C. pneumoniae was studied with immuno-
histochemistry and M. pneumoniae with in situ hybridi-
zation (ISH), in segments of coronary arteries (SCA) as
follows: group A – thrombosed ruptured plaques (TRP) of
23 patients who died due to acute myocardial infarction
(AMI); group B – 23 nonruptured plaques (NRP) of group
A patients; group C – NRP of 11 coronary patients who did
not die due to AMI; and group D – 11 SCA from patients
with dilated cardiomyopathy or Chagas’ disease without
atherosclerosis.

Results – The mean number of C. pneumoniae+ cells/
400x in groups A, B, C, and D was, respectively, 3.3±3.6;
1.0±1.3; 1.2±2.4; and 0.4±0.3; and the percentage of M.
pneumoniae area was, respectively, 3.9±3.5; 1.5± 1.6;
0.9±0.9; and 0.4±0.2. More M. pneumoniae and C. pneumo-
niae were found in of group A than in group B (P<0.01).
Good correlation was seen between the area of the vessel
and the M. pneumoniae area in the plaque (r = 0.46;
P=0.001) and between C. pneumoniae+ cells and CD4+ T
lymphocytes (r = 0.42; P<0.01). The number of C. pneumo-
niae+ cells correlated with CD20+ B cells (r=0.48; P<0.01).

Conclusion - M. pneumoniae and C. pneumoniae are
more frequently found in TRP correlate with the intensity of
the inflammation and diameter of the vessel (positive
remodeling).
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bacteria in the intra- and extracellular space of atherosclero-
tic plaques, in the media layer, and mainly in the adventitia
of segments of unstable coronary arteries. However, C.
pneumoniae was also identified in segments of coronary
arteries with stable plaques without atherosclerosis, mainly
in the adventitia, suggesting that C. pneumoniae is a com-
mon infectious agent of the adventitia of vessels, and that
its increased proliferation leads to inflammation of the vas-
cular wall and may contribute to vessel remodeling.

In a sequence of the reported studies 22, we observed
that, in addition to C. pneumoniae, another bacterium is
found in unstable atherosclerotic plaques: Mycoplasma
pneumoniae (M. pneumoniae).

Mycoplasmas are the smallest autoreplicating micro-
organisms known and they have unique characteristics,
such as the absence of an outer wall and the need for cho-
lesterol for survival 23. Another important characteristic is
that they induce alterations in the immunologic system of
the host and, therefore, may favor the proliferation of other
infectious agents. In the present study, we hypothesized
that a close association between M. pneumoniae and C.
pneumoniae may be related to the development of unstable
atherosclerotic plaques and to the inflammation of the
vessel as a whole.

The objective of the present study was, therefore, to
assess the hypothesis that M. pneumoniae and C. pneumo-
niae are present in greater amounts in thrombosed ruptured
plaques that cause fatal acute myocardial infarction and are
associated with vessel inflammation.

Methods

The major coronary branches of the hearts obtained at
autopsies were dissected, transversely sectioned at 3-mm
intervals, and submitted to processing for paraffin embed-
ding and histological analysis. The following segments of
the coronary arteries (SCA) were selected for analysis:

Group A (unstable thrombosed plaque) – 23 SCA of 23
patients who died due to acute myocardial infarction (AMI)
with the thrombosed segment of the ruptured plaque
responsible for AMI (10 females and 13 males; mean age of
65 + 7 years).

Group B (stable plaques of the same patients in group
A) – 23 SCA containing stable plaques with a degree of
obstruction similar to that of the thrombosed ruptured
segment, but in another coronary artery branch.

Group C (nonruptured plaque with severe atherosclero-
sis in patients without AMI) – 11 SCA containing nonruptu-
red plaques with obstruction greater than 70%, responsible
for clinical findings of chronic ischemia, in 11 patients who
had undergone revascularization surgery and died due to
causes other than AMI (11 males; mean age of 57 + 10 years).

Group D (SCA of patients with no atherosclerosis) –
11 SCA of 11 patients without atherosclerosis (patients
with Chagas’ disease or with idiopathic dilated cardiomyo-
pathy) who died with no ischemic heart disease (3 females;
8 males; mean age of 44 + 13 years).

The material of groups A and B corresponded to serial
sections of the same segments analyzed in a previous stu-
dy in regard to the constitution of the plaques and characte-
rization of the cell subtypes of inflammation 24,25, collected
on autopsies performed from 1985 to 1986, when angioplas-
ty and thrombolytic agents, which may change the morpho-
logy of the plaque and the diameter of the vessel, were not
routinely used.

From each transverse section of the coronary artery
selected, serial sections were taken in the search for Myco-
plasma pneumoniae (M. pneumoniae) and Chlamydia
pneumoniae (C. pneumoniae). The search for M. pneumo-
niae was performed through the detection of DNA by the in
situ hybridization technique; the search for C. pneumoniae
was performed through the detection of antigens in its
external membrane with the immunoperoxidase technique.
To confirm the findings of in situ hybridization and immuno-
histochemistry, autopsy material was prospectively collec-
ted for electron microscopy analysis from 5 more patients,
who had recently died due to acute myocardial infarction.
These segments were also studied with immunohistoche-
mistry and in situ hybridization for M. pneumoniae and C.
pneumoniae, but as the results did not differ, they were not
included in the groups. Of these cases, 5 thrombosed ruptu-
red SCA and 5 stable SCA were analyzed.

Histological 5-µm sections of the paraffin tissue
blocks containing the SCA were submitted to antigen retrie-
val by heating (microwave) and incubated with the pure
monoclonal antibody against C. pneumoniae (RR-402
clone, Dako, Carpinteria, CA, USA, antiprotein of the
external membrane of C. pneumoniae). That antibody does
not cross-react with adenovirus, respiratory syncytial
virus, influenza virus types A and B, Chlamydia trachoma-
tis, and with some serotypes of Chlamydia psittaci. The
specificity of that antibody was checked in histological
sections previously known to be positive for cytomegalo-
virus and herpes virus. The secondary antibody was anti-
immunoglobulin of mouse produced in rabbit conjugated
with biotin (Dako, Carpinteria, CA, USA) at a dilution of
1:200. Streptoavidin was then used conjugated with peroxi-
dase (Amersham International, England) at a dilution of
1:100. The glass slides were kept in a solution of 3,3' diami-
nobenzidine (Sigma Chemical Corporation, St. Louis, MO,
USA) and 6% hydrogen peroxide for 10 minutes, being then
counterstained with Harris’ hematoxylin.

Five-µm thick sections of SCA embedded in paraffin
were placed on glass slides covered with silane, were depa-
raffinized in xylol, and dehydrated in ethanol.

Cell permeability was provided with a 0.01M solution
of citrate buffer pH 6.0 + 0.1 in a microwave oven by using the
same immunohistochemical protocol for antigen retrieval
described above. The endogenous peroxidase was blocked
with 3% H2O2, and the free proteins in the tissue were blo-
cked with serum blocker (DAKO Corporation, Carpinteria,
CA, USA). Then, 20µl of the following hybridization mixture
were added to the sections: 10µL of the probe in deionized
formamide, 50% of dextran sulfate, 20X SSC, Denhardt
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solution, DNA of salmon sperm, tRNA of yeast, poly A and
poly C, and water with diethylpirocarbonate. The probe of
Mycoplasma pneumoniae was prepared from a highly
specific clone of M. pneumoniae (Diagnósticos de Enzo,
Farmingdale, NY, USA). The double strands of the target
DNA and of the probe were denatured at 95 + 5°C for 6
minutes. DNA hybridization was performed for 18 hours.
The nonspecific hybrids were removed by washings with
0.2X SSC. The signal was amplified with the DAKO amplifi-
cation system (CSA) (Carpinteria, CA, USA). Development
was carried out with 3’3 diaminobenzidine (DAKO Corpora-
tion, Carpinteria, CA, USA), and the sections were coun-
terstained with Harris’ hematoxylin.

Double marking was performed in serial sections of the
SCA of 2 cases in groups A and B, using the immunohisto-
chemical technique with alkaline phosphatase (Amersham
International, England) to mark C. pneumoniae (previously
described protocol) and the ISH technique to mark M.
pneumoniae.

Negative controls were obtained omitting the probe or
the primary antibody. As a positive control for all reactions,
sections of human tissue known to be positive for Myco-
plasma pneumoniae or Chlamydia pneumoniae were used.
As a positive control for the in situ hybridization technique,
a probe of repeated sequence (alu1/alu2) of the Genetic
Research (AL, USA) was used, and, as a negative control, a
plasmid DNA marked with biotin (DAKO Corporation,
Carpinteria, CA, USA) was used.

Study of the percentage of the area occupied by the M.
pneumoniae DNA was performed with the image analysis
system (Quantimet 500 – Leica) assessing all the fields of the
intima layer in a 20x objective. In regard to the number of
positive cells for C. pneumoniae in the adventitia, the num-
ber of cells present in the first 400x field of the adventitia
was counted beginning those in the external elastic mem-
brane and surrounding the entire vessel. In the plaque, all
intima fields were counted. The result was expressed as a
mean number of positive cells per 400x field.

The data obtained regarding the percentage of the area
of M. pneumoniae DNA in groups A and B were correlated
with the amount of C. pneumoniae, with the number of T
lymphocytes (CD4+ and CD8+) and B lymphocytes (CD20+)
per 400x field, and with the percentage of the fatty area in the
plaque 23. In this study, the number of lymphocytes present in
the width of the adventitia adjacent to the external elastic
membrane surrounding a transverse section of the vessel in a
400x field was counted. The mean number of lymphocytes per
field was calculated and divided by 0.36 mm2 (area of the
microscopic field), providing the mean number of lymphocy-
tes per mm2. In the plaque, all lymphocytes were counted and
divided by the area of the plaque in mm2.

In comparative analysis between 2 results in the same
individual, the Wilcoxon test (non-normal distribution) was
used to check the existence of a difference in the amount of M.
pneumoniae DNA between groups A and B, and also the
number of positive cells for C. pneumoniae. In the analysis of
variance between different individuals, ie, between groups B,

C, and D, the Kruskal-Wallis test was used. Spearman rank
correlation was used to assess possible correlations between
the amount of bacteria and the amount of fat in the plaque, the
area of the vessel, and the number of lymphocytes, because
they did not have a normal distribution.

In the additional recent 5 cases submitted to electron
microscopy, segments of coronary artery with ruptured
plaque and segments with stable obstructive plaque were
selected for study.

Transverse 0.3cm-thick sections of the selected seg-
ments were analyzed with a magnifying glass, and the mate-
rial representing the thickest part of the plaque with its cor-
responding media layer and adventitia was collected. Frag-
ments less than 1-mm thick were fixed in 3% glutaraldehyde
and 0.1M sodium phosphate buffer and postfixed in 1%
osmium tetroxide. Then the fragments were washed in 0.9%
saline solution and contrasted with uranyl acetate. Dehy-
dration was performed with ethanol and propylene oxide.
The fragments were emblocked in “araldite” resin, and
ultrathin sections (60 to 90 nm) were obtained and contras-
ted with a solution of 5% lead nitrate 26.

Results

On electron microscopy, thrombosed ruptured pla-
ques showed a great number of electron dense bodies com-
patible with C. pneumoniae both inside xanthomatous cells
and in monocytes present in the lumen of the small vessels
of the adventitia (vasa vasorum). Small round structures
containing DNA- or RNA-type granules surrounded by a
single membrane were adhered to the surface of endothelial
cells, mainly of vasa vasorum (fig. 1A), their morphology
being compatible with that of mycoplasmas; sometimes
they seemed internalized within the cytoplasm (fig. 1B). Ele-
mentary bodies of C. pneumoniae (characterized by the pre-
sence of a double membrane surrounding the electron dense
material) and small and round forms of mycoplasmas in the
extracellular matrix (fig. 1A, fig. 1C, and fig. 1D) were fre-
quently found side by side inside the endothelium and in
the subendothelial space. Macrophages of the adventitia
and monocytes of the blood were also coinfected by these
2 bacteria (fig. 1E and fig. 1F).

Examination of the lipid core showed a great quantity
of fragmented or collapsed membranous structures beside
ellipsoid or round forms of granular material surrounded by
a membrane measuring from 0.1 to 0.4 mm amidst the clear
clefts of cholesterol crystals, which were interpreted as
compatible with mycoplasmas (fig. 2A and fig. 2B). The exa-
mination with the in situ hybridization technique described
below confirmed the diagnosis of mycoplasmas, which
were identified as Mycoplasma pneumoniae.

In the adventitia of thrombosed ruptured plaques, ma-
crophages containing many elementary bodies of C. pneu-
moniae were frequently found beside mycoplasmas in the
extracellular space (fig. 2C and fig. 2D).

In the stable plaque, the forms of C. pneumoniae were
rare, while mycoplasmas, in their round or cylindrical forms,
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Fig. 1 – Ultrastructural characteristics of M. pneumoniae (MP) and its association with C. pneumoniae (CP) in segments of coronary arteries with ruptured and thrombosed
plaques: A) panoramic view of vasa vasorum showing mycoplasmas adhered to and being internalized in the endothelial cell. In the subendothelial space, both bacteria M.
pneumoniae (MP) and C. pneumoniae (CP) can be seen in the extracellular space (2.600X - originals). The arrows indicate that these regions are magnified in the following figures;
B) a great magnification of A, showing in detail the surface of the endothelial cell with M. pneumoniae adhered (arrows), one of which internalized in the endothelial cell (7200X);
C) great magnification of A, exhibiting in detail 2 types of extracellular bacteria M. pneumoniae (elliptic form with granules) and C. pneumoniae (electron dense round form) in the
subendothelial space (7200X); D) great magnification of an endothelial cell [identified by the presence of Weibel-Palade bodies (WP)] coinfected with M. pneumoniae and C.
pneumoniae (10,000X); E) circulating monocytes with numerous bacteria in their cytoplasm with characteristics of C. pneumoniae and M. pneumoniae, which are better shown
in the following magnification (3330X); F) greater magnification of E showing in detail the elementary bodies of C. pneumoniae and the round forms of M. pneumoniae (10,000X).



1 61 61 61 61 6

Higuchi et al
Mycoplasma and chlamydia in vulnerable plaques associated to AMI

Arq Bras Cardiol
2003; 81: 12-22.

were more frequent. In the adventitia of the segments con-
taining these stable plaques, forms compatible with large
mycoplasmas were detected and characterized by electron

dense granules and filaments (fig. 2E), a surrounding mem-
brane, and lack of organelles. These mycoplasmas had in
their extremities a more electron-dense region resembling the

Fig. 2 - Ultrastructural characteristics of the ruptured plaque (A-D) and of the stable plaque (E-F) of a coronary artery: A and B) lipid core of the atheroma showing many membranous
remnants, cholesterol crystals (c) in clefts, and small cylindrical forms of M. pneumoniae (MP), 7,200X and 10,000X, respectively; C) segment with ruptured plaque showing, in the
adventitia, a macrophage containing many small forms of C. pneumoniae (CP arrow) in the cytoplasm, and, in the extracellular space, round or cylindrical forms of M. pneumoniae (MP
arrows) 3,300X; D) detail of C, showing M. pneumoniae (MP) with a surrounding membrane and material of the DNA type inside (10,000X); E) a large cylindrical form of M. pneumoniae
(MP) in the adventitia of a stable plaque; F) detail of the more electron dense extremity of M. pneumoniae (MP) suggestive of an adhesion organelle (“tip”) (10,000X).
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so-called “tip” – the adhesion organelle of the mycoplasma
to the host cell (fig. 2F).

The counting of the mean number of cells positive for
the C. pneumoniae antigen per 400x field in the plaque was
as follows in groups A, B, C, and D, respectively: 3.3±3.6;
1.0±1.3; 1.2±2.4; and 0.4±0.3. That counting in the adventitia
was as follows in groups A, B, C, and D, respectively:
10.7±11.2; 4.9±5.1; 5.2±5.2; and 2.0±1.7. The positivity of the
reaction was mainly present in the cytoplasm of macropha-
ges, fibroblasts of the adventitia, smooth muscle fibers of
the outer portion of the media layer, plasma cells, endothelial
cells, and in the extracellular matrix.

In situ hybridization (ISH) for C. pneumoniae showed
the corresponding DNA in macrophages of the plaque,
smooth muscle cells of the media layer, and fibroblasts and
macrophages of the adventitia, in addition to numerous
extracellular positive granules.

The ISH technique for the M. pneumoniae DNA revea-
led, in group A, a great quantity of extracellular positive gra-
nules (brown), mainly in the fatty areas of the plaques (fig.
3A). The cytoplasm of xanthomatous cells also showed
intense positivity (fig. 3B). The preparations with double
marking revealed that the xanthomatous cells present in the
ruptured plaques were coinfected with M. pneumoniae and
C. pneumoniae (fig. 3C). Low positivity for M. pneumoniae
was also detected in the media layer and adventitia of the
segments with thrombosed ruptured plaques in the extra-
and intracellular spaces (fig. 3D).

In the segments with stable plaques (groups B and C),
the amount of positive points for M. pneumoniae DNA
was, in general, much smaller (fig. 3E) both in the plaque and
in the media layer and adventitia.

In group D (nonatherosclerotic patients), practically
no M. pneumoniae DNA existed in the region of the intima
layer (fig. 3F), but rare positive foci were identified in the
adventitia in some cases.

The percentage of the area of M. pneumoniae DNA
and the mean number of positive cells for C. pneumoniae
inside the plaques in groups A, B, C, and D, and the trans-
verse area of the vessel and the mean number of lymphocy-
tes/mm2 in the plaque of groups A and B were compared and
are shown in table I.

Comparing the quantity of C. pneumoniae in groups
A and B with the Wilcoxon test (comparison in a single indi-
vidual), a greater amount was found in group A both in the
plaque (P=0.001) and in the adventitia (P=0.001), and, in
group A, the quantity of C. pneumoniae was greater in the
plaque than in the adventitia. The comparison of the amount
of C. pneumoniae in groups B, C, and D showed that group
B had values statistically greater than those in group D
(P=0.04) in the adventitia, but no difference was observed in
the plaques (P=0.79).

The percentages of plaque area occupied by M. pneu-
moniae DNA were significantly higher in group A than
those in group B (P<0.01 – Wilcoxon test). Comparing the 3
independent groups B, C, and D, no difference was obser-
ved between groups B and C (P=0.3); however, a greater

quantity was observed in group B as compared with that in
group D (P=0.03), and a nonsignificant difference was
observed between groups C and D (P=0.06).

As no difference was observed between groups B
(stable plaques in infarcted patients) and C (stable plaques
in patients who did not die from infarction), the group B
values were considered as representative of stable plaques
in general. Data for groups A and B were grouped for the
correlation test between the quantity of infectious agents
and the characteristics of the vessel in regard to vascular
remodeling and inflammation.

Significant positive correlations were found as fol-
lows: between the percentage of the area occupied by the
M. pneumoniae DNA in the plaque and the area of the
vessel (r=0.46 and P=0.001; fig. 4A); between the number of
positive cells for C. pneumoniae in the adventitia and the
number of B cells/400x field in the adventitia (r=0.48 and
P< 0.001 – fig. 4B) and the number of CD8+ T cells (r=0.33
and P= 0.02), but not CD4+ T cells (r=0.10 and P= 0.50). No
correlation was found between the quantity of M. pneumo-
niae DNA in the plaque and the following: number of posi-
tive cells for C. pneumoniae (r=0.06), mean number of CD4+

T lymphocytes (r=0.12) and CD8+ T lymphocytes (r=-0.07)
or CD20+ B lymphocytes per 400x field. A good correlation
was found between the quantity of C. pneumoniae in the
plaque and the mean number of CD4+ T cells (r=0.48 and
P< 0.01) and CD8+ T cells (r=0.31 and P=0.04), but not CD20+

B cells. Intracellular coinfection with C. pneumoniae and M.
pneumoniae was found in a great quantity of xanthomatous
macrophages mainly, but not exclusively, present in ruptu-
red plaques.

Discussion

The current vision of the pathogenesis of atheroscle-
rosis comprises elements of old theories and modern con-
cepts and defines atherosclerosis as a response to the
endothelial injury of the arteries associated with endothelial
dysfunction 27-29. Under such conditions, the following oc-
curs: an increase in vascular permeability for the componen-
ts of the plasma, mainly lipids, and an accumulation of mo-
nocytes and platelets in the endothelium and subendothe-
lial space. When repeated and chronic, this injury leads to
the development of the atherosclerotic plaque.

One important contribution for elucidating the patho-
genesis of atherosclerosis is the observation that large
particles of LDL can cross the endothelial barrier and carry
cholesterol from the circulating blood to the interior of the
arterial intima 30-32. With the entrance of lipids in the plaque,
the following occur: stimuli for cell proliferation 33, induction
of production of cytokines 34, and, consequently, inflamma-
tion 35. The following question arises: Why does LDL in ani-
mals fed a cholesterol-rich diet or LDL in hypercholestero-
lemic people stimulate the proliferation of arterial cells?

The present study compared 4 groups of segments of
coronary arteries and observed that M. pneumoniae was
present in the intima layer of almost all segments of the
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vessels studied, but in a greater quantity in the fatty areas
of the atheromas. Therefore, they were present in greater
amounts in ruptured plaques, which may be attributed to the
fact that the vulnerable plaques are softer and contain a
greater quantity of cholesterol, because the mycoplasmas
only proliferate in cholesterol-rich media. Confirming pre-

vious findings 21, the ruptured plaques also had elevated
quantities of C. pneumoniae, which were present not only
in the plaque, but also, and in higher numbers, in the adven-
titia. C. pneumoniae was present in the adventitia of almost
all samples studied, independent of the presence of athe-
rosclerosis. However, it was found in greater amounts in the

Fig. 3 - Photomicrographies of the histological sections of coronary arteries with unstable (A-D) and stable (E) plaques, and a nonatherosclerotic segment (F) submitted to in situ
hybridization with a probe for the M. pneumoniae DNA, showing brown positive granules: A) atheroma with a large amount of fatty material and numerous positive granules of
M. pneumoniae (100X) seen in detail in a larger magnification (1,000X); B) xanthomatous cell containing numerous positive granules of M. pneumoniae amidst clear fatty vacuoles
(1,000X); C) double marking – through immunohistochemistry, anti-C. pneumoniae is revealed with alkaline phosphatase (pink), and, with the in situ hybridization technique
(brown), the probe for the M. pneumoniae DNA is evident, showing the coinfection of xanthomatous macrophages (1,000X); D) media layer and adventitia of the segment with a
ruptured plaque showing the great amount of M. pneumoniae in the media layer and in the adventitia (160X). In detail, the great magnification shows larger forms of M. pneumoniae
in the extracellular matrix of adventitia (1,000X); E) segment with a stable plaque showing the smaller amount of M. pneumoniae in the atheroma (100X); F) absence of M.
pneumoniae in a nonatherosclerotic case-control (100X).
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Table I - Amount of M. pneumoniae and C. pneumoniae, percentage of the fatty area, mean number of B lymphocytes (CD20+) and subtypes of T lymphocytes
(CD4+ and CD8+)/mm2 in the plaques of groups A, B, C, and D

Group N. C. pneumoniae /400x % M. pneumoniae area % Fatty area CD20+ CD4+ CD8+

A 3.3 (+3.6) 3.9 (+3.5) 33.7 (+22.3) 5.9 (+19.6) 7.4 (+6.6) 13.8 (+25.4)
B 1.0 (+1.3) 1.5 (+1.6) 6.8 (+11.6) 1.1 (+1.6) 3.4 (+4.0) 5.7 (+6.3)
C 1.2 (+2.4) 0.9 (+0.9) np np np np
D 0.4 (+0.3) 0.3 (+0.2) np np np np

np: not performed; N. C. pneumoniae/400x: mean number of Chlamydia pneumoniae per 400x field;% M. pneumoniae area: percentage of the area occupied by
Mycoplasma pneumoniae.

Fig. 4 - Positive correlations between the morphologic characteristics of vulnerability of the atherosclerotic plaque and the amount of bacteria. Fig. 4A – Positive correlation
between the transverse area of the vessel (positive remodeling) and the amount of Mycoplasma pneumoniae (MP) DNA. Fig. 4B – Positive correlation between the number of cells
positive for Chlamydia pneumoniae (CP) and the number of CD20 B lymphocytes in the adventitia.

ruptured segments. Practically no study reporting an asso-
ciation between mycoplasmas and atherosclerosis exists in
the literature. Experimental studies about the infection of
rabbits with mycoplasmas could not show a pathogenetic
role played by that bacterium in the development of athe-
rosclerosis 36. Our team, studying ultrastructurally and with
immunohistochemistry the lungs of apparently healthy
laboratory animals (rats and mice), observed that 100% of
the animals were infected with Mycoplasma pulmonis and
C. pneumoniae 37, leading us to believe that laboratory ani-
mals may often be naturally infected with these bacteria.
This requires further study, because that infection may
potentially influence the results of experimental research on
atherosclerosis.

On electron microscopy, we could document myco-
plasmas in the endothelial intercellular space or being inter-
nalized by the endothelial cells of ruptured plaques. The
close association of mycoplasmas and chlamydiae may fa-
vor the proliferation of both bacteria. In the present study,
these 2 bacteria were present in great quantities in the
thrombosed ruptured plaques, and, sometimes in contact
with each other, both in the extracellular space and inside
endothelial cells and macrophages. This finding was mainly
based on electron microscopy and was confirmed in the ca-
ses in which double marking was performed. The presence

of these bacteria inside ruptured plaques may explain pre-
viously known characteristics of these plaques as follows:
oxidized LDL, an increase in the production of several cytoki-
nes, an increase in TNF, cell proliferation, and inflammation.

Mycoplasmas have been held responsible for human
diseases, such as pneumonia, arthritis, and urethritis 38. More
recently, they have also been implicated in the progression of
AIDS, chronic fatigue syndrome, acute respiratory distress
syndrome, and others 39. However, these arguments have not
succeeded in sensitizing scientists in regard to a pathogenetic
relation, because most of these arguments are based on case
reports whose positivity for mycoplasmas results from sero-
logical data, culture, or PCR 40,41. Few studies sought M.
pneumoniae in atherosclerotic plaques, and the results
were negative 42 or slightly positive 43. The difference in the
results here presented may have originated in the methodo-
logy used. We did not use PCR but in situ hybridization with
a very specific probe and a system of amplification to reveal
the reaction (CSA), and electron microscopy.

In the present study, M. pneumoniae and C. pneumo-
niae were very frequently shown in atherosclerotic plaques.
Quantitative analysis was not performed with all techniques
used, because the qualitative analysis confirmed the pre-
sence of these agents with the 3 techniques used in the
same locations and in the same cells.
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In situ hybridization and an image analysis system for
the detection of the fraction of the area occupied by myco-
plasma DNA were used. Chlamydiae were quantified in the
immunohistochemical glass slides, because, as they are
predominantly intracellular, the homogeneous color of the
positive cytoplasm enabled counting the number of posi-
tive cells.

The electron microscopy showed structures delimited
by a single membrane and containing a granular material in
its interior, compatible with the morphology of mycoplas-
mas. The most densely positive sites for M. pneumoniae
were those rich in fat, which are adequate for the prolifera-
tion of mycoplasmas.

The lack of characteristic morphology and cell wall
may have made the identification of these agents on elec-
tron microscopy difficult, because they may have been
misinterpreted as irregular cell prolongations.

Vulnerable plaques are rich in lipids and in xanthoma-
tous cells 44, mainly of the oxidized LDL type 45,46, which play
a major role in the development of plaque inflammation, rup-
ture, and thrombosis 47. Monocytes and circulating neutro-
phils may contain C. pneumoniae 48, independently of the
association with atherosclerosis. However, an increased
number of macrophages expressing myeloperoxidase has
been seen in ruptured or eroded plaques and not in fatty
streaks 49. Our findings suggest that the xanthomatous
macrophages of the atherosclerotic plaques are full of
mycoplasmas and chlamydiae. We cannot state that this
coinfection occurs only in the ruptured plaques, because
the nonruptured plaques of groups B and C many times had
characteristics of instability, such as many xanthomatous
cells and inflammation.

Antioxidant agents may have a beneficial effect on the
prevention of atherosclerotic complications 50-52. Epitopes
of oxidized LDL are sufficiently antigenic to produce an
inflammatory reaction in the arterial wall, suggesting a
possible autoimmune reaction 53,54. One characteristic of the
mycoplasmas is the induction of oxidation 55 and formation
of free radicals in the host cells and in the environment 56-58;
antioxidation has a preventive effect against infection by
mycoplasma 59. When the cells are coinfected with a virus,
an increase in the pathogenicity of both infectious agents
occurs 60,61. Mycoplasmas have anchoring lipoproteins on
the external surface of their plasma membrane, which may
be an explanation for why they are not recognized by the
defense immune system of the host 62.

Mycoplasmas are known to induce the host’s inflam-
matory cells to produce cytokines, mainly IL1, IL-6, and IL-
2, TNF-α, and IFNγ 63,64. M. pneumoniae and others induce
depression in the immune response 65,66, mainly of T cells,
through a possible mechanism of apoptosis 67,68, with a
reduction in the CD4 T cells 69, which may be a facilitating
mechanism for other infections. This possible action of my-
coplasmas, increasing the virulence of other agents, has
been studied in AIDS patients 70. Increased levels of cytoki-
nes and a low number of CD4 T cells are characteristics also
present in unstable plaques.

Another important point is that mycoplasmas have
promitogenic activity 71,72. On the other hand, a recent study 73

has shown that chlamydial infection inhibits apoptosis in the
host cell. Therefore, the presence of infection with chlamydia
and mycoplasma may explain the proliferation of smooth
muscle cells and the fact of their monoclonality 74,75 in athe-
rosclerotic plaques.

According to what has been said, we believe that the
present study contributes with strong evidence favoring
the theory that infectious agents are present in atheroscle-
rotic plaques and participate actively in their genesis and
instability. Therefore, we formulated the hypothesis that
mycoplasmas seem to actively penetrate the endothelial cell
(based on our observations on electron microscopy),
causing its injury and dysfunction, favoring the entrance of
fat to the subendothelial space. The proliferation of myco-
plasmas may occur in this focal accumulation of fat, causing
depression of the immunological system, contributing to the
proliferation of chlamydiae (high levels of CD8+ T cells and
low levels of CD4+ T cells and CD20+ B cells were found in
the plaques). The great proliferation of chlamydiae induces
inflammation that contributes to weakening of the vascular
wall and of the fibrosis cover, leading to rupture of the plaque
(C. pneumoniae was present in greater numbers in the
adventitia than in the plaque and showed a correlation with
the number of CD20+ B cells in the adventitia). The fact that
chlamydiae are present in the vascular segments without
atherosclerosis suggests that they are usual inhabitants
with low pathogenicity.

The close association between C. pneumoniae and M.
pneumoniae was seen on electron microscopy only in the
ruptured plaques, mainly in xanthomatous cells. We believe
that nonruptured plaques with a large number of xanthoma-
tous macrophages, and, therefore, vulnerable 2 may also have
this coinfection. Despite this close association, no correlation
was found between the number of cells positive for C. pneu-
moniae and the quantity of M. pneumoniae DNA. This result
may be explained by the fact that antigens of one bacterium
were compared with the DNA of another. The antigen may
remain positive in the tissue longer than DNA may, after
degradation of the bacterium. Studies aiming at comparing
the same elements in the 2 bacteria are being carried out in our
laboratory. In accordance with our theory, a correlation was
found between the transverse area of the vessel and the
percentage of the area of M. pneumoniae DNA in the plaque,
suggesting a relation between the proliferation of mycoplas-
mas and the positive remodeling of the vessel.

Degeneration and death of these 2 bacteria may also
explain the abundant membranous material amidst the lipid
core observed in our and other authors’ studies 76. Round
membranous structures with no electron dense content
identified inside the plaque seem to derive from monocytes
and apoptotic lymphocytes and have a procoagulant po-
tential and activity of tissue factor 77. The highly thrombo-
genic tissue factor present in ruptured plaques may corres-
pond to remnants of mycoplasmas and chlamydiae.

Experimentally, inhalation of M. pneumoniae produ-
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