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The aim of our study was to assess the presence of
Chlamydia pneumoniae infection in AAA patients
and to evaluate its association with clinical symp-
toms and histological signs of inflammation in the
aortal wall. Fifty-two AAA patients participated in
the research. Thirty healthy controls took part in
serological examination. C. pneumoniae was de-
tected by PCR and immunofluorescence in situ reac-
tion in aorta samples of 84.6% and 86.54% of the
patients, respectively. Serological markers of
chronic C. pneumoniae infection were detected in
86.5% of AAA patients and in 33.3% of healthy con-
trols. High titers of specific IgG and IgA were found
in 37.8% of AAA patients with serologically defined
chronic infection. All patients in “high serology”
group had symptomatic aneurysm and inflamma-
tory infiltrations in their aortal wall samples. Con-
clusions: AAA patients infected with C. pneumoniae
are not a homogenous group. “High serology” group
is much more prone to have symptomatic aneurysm
than the remaining of AAA patients. Serology can be
very useful in predicting the risk of AAA rupture.
Inter-laboratory standardization of direct and indi-
rect detection methods of C. pneumoniae infection is
required to elucidate the role of these bacteria in
AAA development.

Introduction

Aneurysms have been recognized for their morbidity
and mortality for centuries. Epidemiological investiga-
tions have revealed a 4% prevalence of aneurysms in per-

sons over 65 years of age [29]. Although aneurysms can
develop in any artery, the most striking morphological al-
terations occur in abdominal aorta and other large arteries.
The pathogenesis of abdominal aortic aneurysm (AAA)
involves the complex interaction of variety of factors,
which, acting over many years, weaken the aortic wall [5,
21, 26, 45]. Traditionally, AAA was viewed as a compli-
cation of atherosclerosis [4]. Today, the crucial pathologic
processes underlying degeneration of the aortic media in
aneurysms appear to be inflammation and proteolysis —
elastin degradation is considered a primary event in AAA
development [38, 44].

Chlamydiae are obligate intracellular parasites that are
classified as bacteria because of the composition of their cell
wall and their growth by binary division. They have a unique
biphasic life cycle with a smaller extracellular form, the ele-
mentary body (EB), and a larger replicating intracellular form,
the reticulate body. The EBs attach to susceptible host cells
and are phagocytized. Within the phagosome they transform
to reticulate bodies, which replicate by using the host cell en-
ergy stores and form characteristic cytoplasmic inclusions.
The reticulate bodies revert to the EB form prior to cell lysis.
C. pneumoniae organisms have a characteristic pear-shaped
EB surrounded by a periplasmatic space that is morphologi-
cally distinct from the round EBs of C. trachomatis and C.
psittaci [16].

The frequent finding of the organism in atheroma and
not in normal artery tissue by different methods and many
investigators suggests that C. pneumoniae may play a role
in clinical manifestations of atherosclerosis, including
AAA. Several studies, principally with the use of poly-
merase chain reaction (PCR), have demonstrated the pres-
ence of C. pneumoniae in the wall of 50-100% of
abdominal aortic aneurysms [2, 10, 11,27, 31]. The bacte-
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ria were also successfully cultured from a half of aorta
samples, in which they had been detected by immunocyto-
chemistry [11]. Serological evidence of Chlamydia
pneumoniae infection has been recently associated with
the expansion of abdominal aortic aneurysms [20, 41].
Moreover, in two randomized, double-blind, placebo-
controlled pilot studies the expansion of small aneurysms
was reduced in patients treated with roxithromycin and
doxycyclin [25, 42]. In addition, in an experimental model
C. pneumoniae membrane antigens appeared to be the
cause of aneurysmal dilation and associated macrophage
recruitment [39]. Also, it has been shown that the presence
of C. pneumoniae is associated with increased degrada-
tion of elastin in aortic tissue in vitro [33].

The aim of our study was to assess the presence of
Chlamydia pneumoniae infection in AAA patients by
means of direct detection methods (immunofluorescence
antibody technique, PCR, electron microscopy) and sero-
logical studies. Also, we tried to evaluate an association of
this infection with clinical symptoms and histological
signs of inflammation in the aortal wall.

Material and Methods

Material

Fifty-two AAA patients (9F, 43M), mean age 68.3
years (50—81) participated in the research. All patients
were operated for AAA at the Department of Vascular
Surgery, University School of Medicine in Lublin. The in-
dications for surgery were: aneurysm size 4.5-8.0cm or
the presence of clinical symptoms. All procedures were
elective. Aorta samples were obtained during operation
and divided into several parts for further investigation.
The samples for histopathological examination and elec-
tron microscopy were preserved in formalin and glutha-
raldehyde, respectively; for immunofluorescence anti-
body technique and PCR they were frozen in -70°C until
performing the procedures. Blood samples for serological
examination were obtained from patients on the day be-
fore operation.

Controls (for serological examination)

Thirty control subjects, matched for age and sex (5F,
25M) without clinical signs and symptoms of cardiovascular
and pulmonary disease took part in our study.

PCR

DNA was extracted from frozen aorta samples using
a Qiagen DNA mini-kit according to the manufacturer’s
instructions. DNA was eluted in a final volume of 100pl,
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aliquoted, and stored at -20°C. For the PCR using
CP1-CP2 with nested primer pair CPC-CPD the condi-
tions were as follows: the first round of amplification em-
ployed 1.5mM MgCl,, 0.4uM primers, and 0.625U of Taq
polymerase, S0Mm KCI, 200uM dNTP, 10mM Tris HCI
(pH=8.3) and 2.5pl sample DNA and involved 20 cycles
of Imin at 94°C, Imin at 65°C minus 0.5°C per cycle, and
Imin at 72°C plus an additional 20 cycles of Imin at 94°C,
Imin at 55°C, and 1min at 72°C. The PCR products ampli-
fied by the outer primers (CP1-CP2) were diluted 1:10,
and a volume of 2.5p] was added to a new 25-pl PCR mix-
ture for a second amplification with nested primer pair
CPC-CPD. The second round of amplification employed
3mM MgCl,, 1uM primers, and 0.625U of Taq polymer-
ase, 50Mm KCl, 200uM dNTP, 10mM Tris HCI (pH=8.3)
and involved 30 cycles of 1min at 94°C, Imin at 50°C, and
Imin at 72°C [22]. All amplification products (333bp and
207bp) were analyzed by agarose gel electrophoresis fol-
lowed by ethidium bromide staining. DNA isolated from
the reference strain C. pneumoniae ATCC 1310-VR was
used as a positive control.

Immunofluorescence antibody technique (IDFA)

The specimens were initially treated with primary
mice antibodies (RR402 clone by DAKO company), next
with the secondary goat antibody against mice immuno-
globulins marked with fluorescein isothiocyanate. The
procedure was conducted according to manufacturer’s
recommendations.

Histopathological evaluation

The specimens for the evaluation in the light micro-
scope were routinely prepared by HE staining.

Electron microscopy

Aorta samples taken from 7 patients were examined
by means of electron microscopy. Samples for EM were
prepared according to the standard procedure and exam-
ined in the 900 Zeiss Electron Microscope (Philips).

Serological studies

To evaluate the level of specific IgA, IgM and IgG in
patients’ serum samples microimmunofluorescence method
(MIF) was applied. Chlamydia pneumoniae Micro-IF test
(Labsystems, Finland) was used according to manufac-
turer’s instructions. Sera analyzed for C. pneumoniae IgM
and IgA were diluted in IgG blocker (Labsystems, Fin-
land) to remove possible interference with IgG.

The following serological criteria were adopted to
assess the type of infection:
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1. IgG<1:128, IgA<1:8, IgM=0 — contact with the pathogen
in the past;

2. 1gG=1:512, IgM=1:8 — primary acute infection;

3. 1gG=1:128, IgA=1:32, IgM=0 — chronic (persistent) in-
fection; IgG=1:512, IgA=1:64 among chronic infection
group was called active infection.

Statistical analysis

All statistical analyses were performed with SPSS for
Windows program version 8.0. For dichotomous varia-
bles, X test or Fisher’s exact test were used. All tests were
2-tailed. Differences were considered significant at
p<0.05.

Results

C. pneumoniae DNA was detected by nested PCR in
aorta samples of 44/52 (84.6%) patients. Positive immuno-
fluorescence in situ reaction (IDFA) was observed in aorta
samples of 45/52 (86.54%) patients (Fig. 1). In 40/52
(76.9%) patients the presence of C. pneumoniae in aorta
samples was assessed by means of two employed direct de-
tection methods (PCR and IDFA). In aorta samples of 2 pa-
tients C. pneumoniae was not detected by any of applied
direct detection methods.

The histopathological evaluation of all aorta sam-
ples yielded the diagnosis of a true ancurysm in each
case. Atherosclerotic changes in the aortic wall were
observed in all specimens. In 11 samples abundant in-
flammatory infiltrations were found, which consisted of
mononuclear cells in the whole aneurysm wall. In 32
specimens inflammatory infiltrations were much less
abundant and located mainly in the muscular coat and
the adjacent fatty tissue. Lymphocytes, plasma cells and
macrophages prevailed in the inflammatory infiltra-
tions (Fig. 2). In 9 samples no inflammatory reaction in
the aneurysm wall was observed.

The aorta samples from 7 patients with directly de-
tected C. pneumoniae antigen or DNA and serologically
defined active infection were examined in electron mi-
croscopy. In all 7 cases atherosclerotic changes have been
found (atheromatous ulcers covered by mural thrombi,
foam cells, macrophages, collagen and elastic fibers, cho-
lesterol crystals, lymphocytes, granulocytes and plasma
cells). The presence of C. pneumoniae inclusions de-
pended on the progression of the lesion. In 3 specimens
(patients No. 5, 14, 20), in which the presence of
macrophages, foam cells, and inflammatory cells mixed
with collagen, elastic fibers, and cholesterol crystals was
observed, the intracellular inclusions (IB) of C. pneu-

moniae were visible containing elementary (EB) and re-
ticulate bodies (RB), as well as extracellular EB (Fig. 3).
IB were mainly seen in the cytoplasm of macrophages. In
one sample (patient No. 5) we found cells filled with IB. In
next 2 specimens (patients No. 9 and 22) only the compo-
nents of thrombi, ulceration and cell fragmentation were
observed morphologically. In these samples we have not
detected the presence of C. pneumoniae.

Fig. 1. Positive fluorescence reaction with antibodies against Chlamydia
pneumoniae RR402 clone. Magn. 450x.

Fig. 2. Inflammatory infiltration of aneurysm wall containing lymphocytes
and plasma cells. HE. Magn. 360x.
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In still next 2 specimens (patients No. 23 and 24) the
result of our observation was controversial. IB and EB
were seen in the remnants of fragmented cells and
among them. Single macrophages and foam cells have
been found, but the inclusions were not seen in any of
them.

Serological markers of chronic C. pneumoniae infec-
tion were detected in 45/52 (86.5%) AAA patients and in
10/30 (33.3%) healthy controls (x*=24.4; df=1; p<0.001).
Serological markers of previous contact with the pathogen
were detected in 7/52 (13.5%) AAA patients and in
20/30 (66.6%) healthy controls. We did not detect sero-
logical markers of primary acute C. pneumoniae infection in
any of our patients or healthy controls (lack of specific IgM)
(Figs. 4 and 5). Seventeen out of 45 (37.8%) AAA patients
with serological signs of chronic infection had high titers of
specific IgG and IgA — they were called “active infection
group”. Interestingly, all members of this group had symp-
tomatic aneurysm. Statistical analysis revealed that symp-
tomatic aneurysm was more frequent in active infection
group in comparison with the remaining patients (exact
Fisher’s test, p<0.001) (Fig. 6).

In active infection group the presence of C. pneumoniae
in aorta samples was detected by means of IDFA or nested
PCR in15/17 (88.2%) patients. In two of them the bacteria
was detected only by IDFA, in others two it was not detected
by any of applied methods. All patients in this group had in-
flammatory infiltration in their samples of aortic wall, but
only in two of them the infiltrations were numerous. Statisti-
cal analysis showed that in active infection group the pres-
ence of inflammatory infiltration in aortic wall samples was
more frequent that in the remaining patients (exact Fisher’s
test, p<0.05) (Table 1).

In 43/52 (82.7%) patients C. pneumoniae infection
was detected serologically and, simultaneously, using at
least one of applied direct detection methods. Two pa-
tients who were positive in serology but negative in IDFA
or PCR belonged to the active infection group; they had
moderate infiltrations in their aorta samples and symptom-
atic aneurysm.

Seven out of 52 (13.5%) patients were negative in
serology (they have serological markers of previous contact
with the pathogen but not of infection) but positive in at
least one of applied direct detection methods.

The histopathological evaluation detected inflamma-
tory infiltration in aorta samples of 43/52 (82.7%) pa-
tients. In aorta samples of 11/43 (25.6%) patients
abundant inflammatory infiltrations were found, which
consisted of mononuclear cells in the whole aneurysm
wall. We called these patients “abundant inflammatory in-
filtration group”. All but one patient in this group had
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Fig. 3. IB (inclusion bodies), EB (elementary bodies) and RB (reticulate
bodies) in aneurysmal wall. Electron microscopy. Magn. 20,000x.

86.5%

20 L
104 13,5%

Fig. 4. Previous contact with the pathogen (13.5%) and chronic C. Pneu-

moniae infection (86.5%) in AAA patients.
33.3% I

Fig. 5. Previous contact with the pathogen (66.6%) and chronic C. pneu-
moniae infection (33.3%) in healthy controls
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37,8%

Fig. 6. Chronic active (37.8%) and chronic non-active (62.2%) C. pneu-
moniae infection in AAA patients.

TABLE 1

Results of PCR, IDFA, and histopathological examination in
serologically defined chronic active C. pneumoniae infection
group of AAA patients

No PCR IDFA INFLAMMATION
5. + + 1
10. + + 1
11. - - 1
14. - + 1
19. + + 2
21. + + 1
22. + + 1
23. + + 1
28. + + 1
33. + + 1
34. - - 1
37. - + 1
42. + + 2
44. + + 1
45. + + 1
46. + + 1
51. + + 1

PCR and IDFA: + — positive result of PCR or IDFA; — — negative result of
PCR or IDFA; Inflammation: 1 — moderate inflammatory infiltrations in
aortal wall sample; 2 — abundant inflammatory infiltrations in aortal wall
sample

symptomatic aneurysm. However, since the group was
small in number, Fisher’s exact test revealed that there had
been no statistically significant association between nu-
inflammatory infiltration and symptomatic
aneurysm (p=0.154).

In all patients belonging to abundant inflammatory in-
filtration group the presence of C. pneumoniae in aorta
samples was detected using direct detection methods — in
7 of them by means of two applied methods and in 4 others
— by one method only. Nine out of 11 (81.8%) patients in

merous

TABLE 2

Results of PCR, IDFA, serological examination and the
presence of symptoms in abundant inflammatory infiltration
group of AAA patients

No SEROLOGY PCR IDFA SYMPTOMS
2. 1 + + +
8. 1 + - +
12. 1 + + +
13 1 - + -
19 2 + + +
25 1 + + +
31 1 + - +
35 1 + + +
36 1 - + +
42. 2 + + +
48, 1 + + +

Serology: 1 — chronic non-active C. pneumoniae infection; 2 — chronic active
C. pneumoniae infection; Symptoms: + symptomatic aneurysm; - — lack of
aneurysm symptoms

this group had serological signs of chronic non-active
C. pneumoniae infection and 2/11 (18.2%) of active infec-
tion (Table 2).

Overall results of the serological examination, direct
microorganism identification, histological traits of the in-
flammation in the AAA wall and the symptoms of aneu-
rysm are summarized in Table 3.

Discussion

The methods of direct C. pneumoniae detection in ar-
terial tissues include antigen detection by immunocyto-
chemistry (ICC) or immunofluorescence antibody tech-
nique (IDFA), DNA detection by PCR and in situ hybrid-
ization, EM, and isolation in culture. In our study PCR,
immunofluorescence antibody technique (IDFA), and, in
selected samples, EM were used. Detection rates of
C. pneumoniae DNA by PCR in aorta wall samples taken
from AAA patients varies between 50% and 100% among
studies and investigators [2, 10, 11, 27, 31]. However,
novel multicenter comparison trial reported that the rate of
detection of C. pneumoniae DNA within endarterectomy
specimens by PCR varies between 0% and 100% [1]. Pos-
sible reasons of the discrepancy in detection rates include
the localized nature of chlamydial pathology (the distribu-
tion of bacteria in atherosclerotic lesions is localized or
patchy), the small amount of tissue examined, differences
in laboratory procedures applied (lack of standardization
of PCR assays) [15, 22]. In our study C. pneumoniae DNA
was detected by PCR in 84.62% of AAA patients. Rela-
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Table 3

Overall results of the serologic examination, direct microorganism identification (PCR, IDFA, electron microscopy), histological

traits of inflammation in the AAA wall and the symptoms of aneurysm in AAA patients
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PCR and IDFA: +—positive result of PCR or IDFA; — — negative result of PCR or IDFA; Inflammation: 0 — lack of inflammatory infiltrations in aortal wall
sample; 1 —moderate inflammatory infiltrations in aortal wall sample; 2 — abundant inflammatory infiltrations in aortal wall sample; Serology: 0 — previous
contact with the pathogen; 1 — chronic non-active C. pneumaniae infection; 2 — chronic active C. pneumoniae infection; Symptoms: + — symptomatic
aneurysm; —— lack of aneurysm symptoms; Electron microscopy: + — presence of C. pneumoniae EB, RB and IB in aortic wall sample; +/—— controversial

result of EM examination; — — lack of C. pneumoniae EB, RB and IB aortic wall sample.
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tively high rate of positive results in our study may depend
on the method — nested PCR is, in general, more sensitive
than single-step PCR because of the 2-step amplification
and the use of 2 sets of primers. However, while increased
sensitivity is an advantage of nested PCR, carryover con-
tamination is a major disadvantage of this method. The
procedure of nested PCR used by us had higher sensitivity
in comparison with conventional PCR (0.06 IFU vs.
4 TFU) [22]. Moreover, in recent recommendations for
standardizing C. pneumoniae assays, this procedure was
considered as satisfying the optimal criteria for a validated
assay [6].

A lack of correlation between ICC or IDFA and PCR
in the detection of C. pneumoniae in arterial tissue has
been shown in latest review, in which 30 published papers
devoted to this subject were summarized [15]. It appeared
that only 25-50% of the specimens were positive by both
tests. Moreover, ICC or IDFA had higher detection rates
than PCR (37% vs. 24%, or 68% vs. 29%, depending on
the studies). This finding is contrary to the sensitivity of
the tests, since PCR is more sensitive than ICC or IDFA.
Lower detection rate with PCR has been attributed to
the difficulty in extracting DNA from atheromatous tis-
sue and to the presence of inhibitors for PCR in athero-
sclerotic vessels [15]. Moreover, in recent study
Vammen at al. stated that detection of C. pneumoniae
by ICC procedures should be interpreted with caution
due to the potential cross-reaction with non-chlamydial
proteins [43]. In our study detection rates for IDFA and
PCR were 86.54% and 84.62%, respectively. IDFA de-
tection rate was only insignificantly higher than that of
PCR. Accordance rate was higher as compared with lit-
erature data — 78.8% of aorta samples in our study were
positive by both tests.

Serology constitutes an important tool for the diagnosis
of C. pneumoniae infection. MIF test, which was used in our
study, had become the serological “gold standard” for diag-
nosis of infections with this pathogen, being highly specific
and sensitive when compared with culture. It was the use of
the MIF that led to the identification of C. pneumoniae as
a distinct species of Chlamydia. 1t is the only species-spe-
cific antibody test available that can measure isotype-spe-
cific antibody titers to all Chlamydia species simulta-
neously. The specificity of the MIF test can be attributed to
the use of purified elementary bodies of all 3 species of
Chlamydia rather than reticulate bodies that express pre-
dominantly genus-specific epitopes [6]. However, the assay
is technically complex, interpretation is subjective, and nei-
ther reagents nor diagnostic criteria have been standardized
[30, 40]. The criteria used in our work were restricted. IgG
and IgA titers applied by us for MIF results interpretation

were the highest in comparison with the ones used by other
authors [28].

One of the most challenging aspects of C. pneumoniae
testing is the identification of persons with persistent or
chronic infection by means of serological testing. Persis-
tently elevated IgG or the presence of IgA antibodies have
been frequently used [3, 35, 36]. The persistence of ele-
vated antibody titers is generally considered to be a sign of
chronic infection [12, 37]. There are no means to distin-
guish between chronic and recurrent infections reliably,
although the constant presence of IgA antibodies has been
proposed to indicate chronic infection. IgA is a short-liv-
ing immunoglobulin (half-life: 5-7 days), hence its pres-
ence implies that the antigen is still present. A high IgA
titer is considered to be a marker for various chronic bac-
terial infections, including Pseudomonas aeruginosa in-
fection in cystic fibrosis. Circulating specific IgA is
undoubtedly a marker of the presence of C. pneumoniae
and it may indicate that the infection is chronic and still
active [12]. Constantly elevated levels of more long-living
IgG antibodies (their half-life is measured in weeks or
months) may reflect recurrent infections in the past. IgM
antibodies are considered to indicate primary acute infec-
tion [9]. However, there is at present no validated sero-
logic marker of persistent or chronic infection [6].

In our study we observed statistically significant higher
frequency of serologically defined chronic C. pneumoniae in-
fection in AAA patients, as compared with healthy controls
(86.5% vs. 33.3%). Our results are in accordance with those
obtained by other investigators [18].

Studies using direct detection methods of C. pneu-
moniae DNA or antigen in the aneurysm wall or athe-
rosclerotic plaques and indirect serological detection have
reported poor concordance between the two methods [15,
20, 34]. This inconsistency may be explained by inhibitors
of PCR reaction, which are present in human specimens
and patchy occurrence of C. pneumoniae in lesions but, in
fact, it remains an unresolved paradox with no good expla-
nation. There is a suggestion that PCR and serum MIF
should not be compared because they probably detect an
infection at different stages; PCR may detect cases at an
acute stage whereas in chronic cases DNA detection by
PCR is probably unsuccessful [8]. Accordingly to other
studies direct detection of C. pneumoniae antigens and
DNA in lesions seems more frequent in people with low
rather than with high titers of specific antibodies [2].

In our work C. pneumoniae infection was detected sero-
logically and, simultaneously, at least by one of two applied
direct detection methods in 82.7% of AAA patients. Direct
detection proved to be negative in 2 patients who had high
titers of specific IgG and IgA. Seven patients who had low
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titers of specific IgG and IgA, indicating previous contact
with the pathogen but not infection, appeared positive in di-
rect detection methods.

Inflammation and proteolysis are the twin processes
considered to underlie aortic dilation, with matrix
metalloprotease-9 being considered as one of the piv-
otal proteolytic enzymes involved in aneurysm expan-
sion in men and experimental animals [38]. C. pneu-
moniae is able to induce an inflammatory response in
infected tissues [23]. The chlamydial membrane anti-
gens and the secreted heat shock protein-60 stimulate
the secretion of matrix metalloprotease-9 from human
macrophages in vitro [13, 14]. By contrast, in novel
study, Petersen at al. did not confirm the hypothesis that
the presence of C. pneumoniae DNA in the AAA wall is
associated with increased activity of matrix metallo-
proteases [32]. This suggests that factors other than
metalloproteases may contribute to matrix degradation
and rupture of C. pneumoniae DNA- positive AAA.
Membrane antigens of C. pneumoniae were found in all
samples of AAA, even in the absence of DNA and heat
shock protein [24]. In recent rabbit experimental model
chlamydial membrane antigens (rather than living or-
ganisms) appeared to cause aneurysmal dilation and as-
sociated macrophage recruitment and activation [39].

In our study special attention have been paid to 2
groups of patients with symptomatic aneurysm namely se-
rologically defined active infection group and patients
with abundant inflammatory infiltration in their aorta
samples (in this group there was one patient without
symptomatic aneurysm).

In 88.2% of the patients in active infection group
C. pneumoniae was detected by at least one of the applied
direct detection methods. All but 2 patients in this group had
moderate inflammatory infiltrations and all had symptom-
atic aneurysm. This may suggest that in the patients with
high titers of specific anti-C. prneumoniae antibodies local
inflammatory reaction is not the main process responsible
for aneurysm rupture. In our previous study [46] it was
found that in this group of patients IL-12 and IFN-gamma
serum concentrations were significantly lower than in the
remaining AAA patients and healthy controls suggesting
down-regulated cell-mediated immune response, which in
turn could be the cause of chronic infection reactivation.
Living and actively replicating intracellular bacteria may
activate the processes of aortic wall degradation in another
way than chronic (cryptic) form of bacteria or persistent
antigens [7, 20].

In the recent work of Lindholt and al. the progression
of AAA in men was positively correlated with the pres-
ence of indicators of C. pneumoniae infection. A sig-
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nificant positive correlation between both IgA and IgG
titers and mean annual expansion of AAA was ob-
served. An IgG titer of 1:128 or higher was present sig-
nificantly more often in cases with an expansion greater
than 1cm annually [19]. In the study of Vammen et al. it
was claimed that antibodies against C. pneumoniae pre-
dict the need for elective intervention on small aneu-
rysms. IgG antibodies were most predictive for cases
expanding to operation recommendable sizes [41]. Sim-
ilarly, our study also confirmed that high titers of
anti-C. pneumoniae 1gG and IgA correlated with symp-
tomatic aneurysm.

In all patients with abundant inflammatory infiltration
C. pneumoniae was detected serologically and at least by
one of two direct detection methods. In 81.8% of the pa-
tients in this group serologically defined chronic
non-active infection was detected and active infection
in 18.2%. Providing that membrane antigens rather than
living bacteria enhance inflammatory infiltration in
aortic wall [39], the data suggest that in serologically
defined chronic non-active infection C. pneumoniae an-
tigens or perhaps special, cryptic form (typical for per-
sistent infection) are present in lesions rather than
actively replicating bacteria. In our previous study se-
rum IL-12 and IFN-gamma concentrations appeared to
be higher in this group of patients in comparison with
the active infection group, suggesting that the patients
with chronic non-active infection were able to control
the infection [46]. So, it can be concluded that C. preu-
moniae can participate in AAA formation via different
pathways, depending on the form of infection. Conse-
quently, AAA patients infected with C. pneumoniae
seem not to be a homogenous group. Active infection
group is much more prone to have symptomatic aneu-
rysm than chronic non-active infection group. Serology
can be very useful in differentiating these two groups
and in predicting AAA expansion and the risk of rupture
and therefore standardization of serological techniques
and the development of uniform criteria for interpreta-
tion of serologic findings is necessary [40].

It has been shown that C. pneumoniae can replicate in
human macrophages, endothelial cells, and smooth mus-
cle cells [7]. The presence of all forms of C. pneumoniae,
namely IB, EB and RB in aorta samples examined by us in
electron microscope confirms these findings. However,
the exact role of C. pneumoniae in the pathogenesis of
vascular disease, including AAA, is still not known.
Inter-laboratory standardization of both, direct and indi-
rect detection methods of C. pneumoniae is absolutely re-
quired to precisely elucidate the role of these bacteria in
AAA development.
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Conclusions

. AAA patients infected with C. pneumoniae are not a ho-

mogenous group. “High serology” group is much more
prone to have symptomatic aneurysm than the remaining
AAA patients.

Serology can be very useful in predicting the risk of
AAA rupture.

Inter-laboratory standardization of direct and indirect de-
tection methods of C. pneumoniae infection is required
to elucidate the role of these bacteria in AAA develop-
ment.
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