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The aim of our study was to as sess the pres ence of 

Chlamydia pneumoniae in fec tion in AAA pa tients

and to eval u ate its as so ci a tion with clin i cal symp -

toms and histological signs of in flam ma tion in the

aortal wall. Fifty-two AAA pa tients par tic i pated in

the re search. Thirty healthy con trols took part in

serological ex am i na tion. C. pneumoniae was de -

tected by PCR and immunofluorescence in situ re ac -

tion in aorta sam ples of 84.6% and 86.54% of the

pa tients, re spec tively. Serolo gical mark ers of

chronic C. pneumoniae in fec tion were de tec ted in

86.5% of AAA pa tients and in 33.3% of healthy con -

trols. High titers of spe cific IgG and IgA were found

in 37.8% of AAA pa tients with se ro log i cally de fined

chronic in fec tion. All pa tients in “high se rol ogy”

group had symp tom atic an eu rysm and in flam ma -

tory in fil tra tions in their aortal wall sam ples. Con -

clu sions: AAA pa tients in fected with C. pneumoniae

are not a ho mog e nous group. “High se rol ogy” group

is much more prone to have symp tom atic an eu rysm

than the re main ing of AAA pa tients. Se rol ogy can be

very use ful in pre dict ing the risk of AAA rup ture.

Inter-lab o ra tory stan dard iza tion of di rect and in di -

rect de tec tion meth ods of C. pneumoniae in fec tion is

re quired to elu ci date the role of these bac te ria in

AAA de vel op ment.

Introduction

Aneurysms have been rec og nized for their mor bid ity

and mor tal ity for cen tu ries. Ep i de mi o log i cal in ves ti ga -

tions have re vealed a 4% prev a lence of aneurysms in per -

sons over 65 years of age [29]. Al though aneurysms can

de velop in any ar tery, the most strik ing mor pho log i cal al -

ter ations oc cur in ab dom i nal aorta and other large ar ter ies. 

The pathogenesis of ab dom i nal aor tic an eu rysm (AAA)

in volves the com plex in ter ac tion of va ri ety of fac tors,

which, act ing over many years, weaken the aor tic wall [5,

21, 26, 45]. Tra di tion ally, AAA was vie wed as a com pli -

ca tion of ath ero scle ro sis [4]. To day, the cru cial patho logic 

pro cesses un der ly ing de gen er a tion of the aor tic me dia in

aneurysms ap pear to be in fla m ma tion and pro te ol y sis –

elastin degradation is con sidered a primary event in AAA

development [38, 44]. 

Chlamydiae are ob li gate intracellular par a sites that are

clas si fied as bac te ria be cause of the com po si tion of their cell

wall and their growth by bi nary di vi sion. They have a unique

biphasic life cy cle with a smaller extracellular form, the el e -

men tary body (EB), and a larger rep li cat ing intracellular form, 

the re ti c u late body. The EBs at tach to sus cep ti ble host cells

and are phagocytized. Within the phagosome they trans form

to re tic u late bod ies, which rep li cate by us ing the host cell en -

ergy stores and form char ac ter is tic cy to plas mic in clu sions.

The re tic u late bod ies re vert to the EB form prior to cell lysis.

C. pneumoniae or ga n isms have a char ac ter is tic pear-shaped

EB sur roun ded by a periplasmatic space that is mor pho log i -

cally dis tinct from the round EBs of C. trachomatis and C.

psittaci [16].

The fre quent find ing of the or gan ism in atheroma and

not in nor mal ar tery tis sue by dif fer ent meth ods and many

in ves ti ga tors sug gests that C. pneumoniae may play a role

in clin i cal man i fes ta tions of ath ero scle ro sis, in clud ing

AAA. Sev eral stud ies, prin ci pally with the use of poly -

mer ase chain re ac tion (PCR), have dem on strated the pres -

ence of C. pneumoniae in the wall of 50–100% of

ab do m i nal aor tic aneurysms [2, 10, 11, 27, 31]. The bac te -
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ria were also suc cess fully cul tured from a half of aorta

sam ples, in which they had been de tected by immuno cyto -

chemistry [11]. Serological ev i dence of Chlamydia

pneumoniae in fec tion has been re cently as so ci ated with

the ex pan sion of ab dom i nal aor tic aneu rysms [20, 41].

More over, in two ran dom ized, dou ble-blind, pla cebo-

con trolled pi lot stud ies the ex pan sion of small aneurysms

was re duced in pa tients treated with roxithromycin and

doxycyclin [25, 42]. In ad di tion, in an ex per i men tal model 

C. pneumoniae mem brane an ti gens ap peared to be the

cause of aneurysmal di la tion and as so ci ated macro phage

re cruit ment [39]. Also, it has been shown that the pres ence 

of C. pneumoniae is as so ci ated with in creased deg ra da -

tion of elastin in aor tic tis sue in vi tro [33].

The aim of our study was to as sess the pres ence of

Chlamydia pneumoniae in fec tion in AAA pa tients by

means of di rect de tec tion meth ods (immunofluores cence

an ti body tech nique, PCR, elec tron mi cros copy) and sero -

logical stud ies. Also, we tried to eval u ate an as so ci a tion of 

this in fec tion with clin i cal symp toms and histological

signs of in flam ma tion in the aortal wall.

Material and Methods

Material 

Fifty-two AAA pa tients (9F, 43M), mean age 68.3

years (50–81) par tic i pated in the re search. All pa tients

were op er ated for AAA at the De part ment of Vas cu lar

Sur gery, Uni ver sity School of Med i cine in Lublin. The in -

di ca tions for sur gery were: an eu rysm size 4.5–8.0cm or

the pres ence of clin i cal symp toms. All pro ce dures were

elec tive. Aorta sam ples were ob tained dur ing op er a tion

and di vided into sev eral parts for fur ther in ves ti ga tion.

The sam ples for histopathological ex am i na tion and elec -

tron mi cros copy were pre served in for ma lin and glutha -

raldehyde, re spec tively; for immunofluorescence anti-

 body tech nique and PCR they were frozen in -70°C un til

per form ing the pro ce dures. Blood sam ples for sero logical

ex am i na tion were ob tained from pa tients on the day be -

fore op er a tion. 

Controls (for serological examination)

Thirty control subjects, matched for age and sex (5F,

25M) without clinical signs and symptoms of cardiovas cular

and pulmonary disease took part in our study.

PCR

DNA was ex tracted from frozen aorta sam ples us ing

a Qiagen DNA mini-kit ac cord ing to the man u fac turer’s

in struc tions. DNA was eluted in a fi nal vol ume of 100µl,

aliquoted, and stored at -20°C. For the PCR us ing

CP1-CP2 with nested primer pair CPC-CPD the con di -

tions were as fol lows: the first round of am pli fi ca tion em -

ployed 1.5mM MgCl2, 0.4µM prim ers, and 0.625U of Taq

poly mer ase, 50Mm KCl, 200µM dNTP, 10mM Tris HCl

(pH=8.3) and 2.5µl sam ple DNA and in volved 20 cy cles

of 1min at 94°C, 1min at 65°C mi nus 0.5°C per cy cle, and

1min at 72°C plus an ad di tional 20 cy cles of 1min at 94°C, 

1min at 55°C, and 1min at 72°C. The PCR prod ucts am pli -

fied by the outer prim ers (CP1-CP2) were di luted 1:10,

and a vol ume of 2.5µl was added to a new 25-µl PCR mix -

ture for a sec ond am pli fi ca tion with nested primer pair

CPC-CPD. The sec ond round of am pli fi ca tion em ployed

3mM MgCl2, 1µM prim ers, and 0.625U of Taq poly mer -

ase, 50Mm KCl, 200µM dNTP, 10mM Tris HCl (pH=8.3)

and in volved 30 cy cles of 1min at 94°C, 1min at 50°C, and 

1min at 72°C [22]. All am pli fi ca tion prod ucts (333bp and

207bp) were an a lyzed by agarose gel elec tro pho re sis fol -

lowed by ethidium bro mide stain ing. DNA iso lated from

the ref er ence strain C. pneumoniae ATCC 1310-VR was

used as a pos i tive con trol.

Immunofluorescence antibody technique (IDFA)

The spec i mens were ini tially treated with pri mary

mice an ti bod ies (RR402 clone by DAKO com pany), next

with the sec ond ary goat an ti body against mice immuno -

globulins marked with fluorescein isothiocya nate. The

pro ce dure was con ducted ac cord ing to man u fac turer’s

rec om men da tions.

Histopathological eval u a tion

The spec i mens for the eval u a tion in the light mi cro -

scope were rou tinely pre pared by HE stain ing.

Elec tron mi cros copy

Aorta sam ples taken from 7 pa tients were ex am ined

by means of elec tron mi cros copy. Sam ples for EM were

pre pared ac cord ing to the stan dard pro ce dure and ex am -

ined in the 900 Zeiss Elec tron Mi cro scope (Philips).

Serological stud ies

To eval u ate the level of spe cific IgA, IgM and IgG in

pa tients’ se rum sam ples microimmunofluorescence method

(MIF) was ap plied. Chlamydia pneumoniae Mi cro-IF test

(Labsystems, Fin land) was used ac cord ing to man u fac -

turer’s in struc tions. Sera an a lyzed for C. pneumoniae IgM 

and IgA were di luted in IgG blocker (Labsystems, Fin -

land) to re move pos si ble in ter fer ence 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 – con tact with the pa tho gen 

in the past;

2. IgG≥1:512, IgM≥1:8 – pri mary acute in fec tion;

3. IgG≥1:128, IgA≥1:32, IgM=0 – chronic (per sis tent) in -

fec tion; IgG≥1:512, IgA≥1:64 among chronic in fec tion

group was called ac tive in fec tion.

Statistical analysis

All sta tis ti cal anal y ses were per formed with SPSS for

Win dows pro gram ver sion 8.0. For di chot o mous vari a -

bles, χ2 test or Fisher’s ex act test were used. All tests were

2-tailed. Dif fer ences were con sid ered sig nif i cant at

p<0.05.

Results

C. pneumoniae DNA was de tected by nested PCR in

aorta sam ples of 44/52 (84.6%) pa tients. Pos i tive immuno -

fluorescence in situ re ac tion (IDFA) was ob served in aorta

sam ples of 45/52 (86.54%) pa tients (Fig. 1). In 40/52

(76.9%) pa tients the pres ence of C. pneumoniae in aorta

sam ples was as sessed by means of two em ployed di rect de -

tec tion meth ods (PCR and IDFA). In aorta sam ples of 2 pa -

tients C. pneumoniae was not de tected by any of ap plied

di rect de tec tion meth ods.

The histopathological eval u a tion of all aorta sam -

ples yielded the di ag no sis of a true an eu rysm in each

case. Atherosclerotic changes in the aor tic wall were

ob served in all spec i mens. In 11 sam ples abun dant in -

flam ma tory in fil tra tions were found, which con sisted of 

mono nuclear cells in the whole an eu rysm wall. In 32

spec i mens in flam ma tory in fil tra tions were much less

abun dant and lo cated mainly in the mus cu lar coat and

the ad ja cent fatty tis sue. Lym pho cytes, plasma cells and 

macrophages pre vailed in the in flam ma tory in fil tra -

tions (Fig. 2). In 9 sam ples no in flam ma tory re ac tion in

the an eu rysm wall was ob served. 

The aorta sam ples from 7 pa tients with di rectly de -

tected C. pneumoniae an ti gen or DNA and se ro lo g i cally

de fined ac tive in fec tion were ex am ined in elec tron mi -

cros copy. In all 7 cases atherosclerotic chan ges have been

found (atheromatous ul cers cov ered by mu ral thrombi,

foam cells, macrophages, col la gen and elas tic fi bers, cho -

les terol crys tals, lym pho cytes, granu lo cytes and plasma

cells). The pres ence of C. pneumoniae in clu sions de -

pended on the pro gres sion of the le sion. In 3 spec i mens

(pa tients No. 5, 14, 20), in which the pre s ence of

macrophages, foam cells, and in flam ma tory cells mixed

with col la gen, elas tic fi bers, and cho les terol crys tals was

ob served, the intracellular in clu sions (IB) of C. pneu -

moniae were vis i ble con tain ing el e men tary (EB) and re -

tic u late bod ies (RB), as well as extracellular EB (Fig. 3).

IB were mainly seen in the cy to plasm of macrophages. In

one sam ple (pa tient No. 5) we found cells filled with IB. In 

next 2 spec i mens (pa tients No. 9 and 22) only the com po -

nents of thrombi, ul cer ation and cell frag men ta tion were

ob served mor pho log i cally. In these sam ples we have not

de tected the pres ence of C. pneumoniae.
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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.



In still next 2 spec i mens (pa tients No. 23 and 24) the 

re sult of our ob ser va tion was con tro ver sial. IB and EB

were seen in the rem nants of frag mented cells and

among them. Sin gle macrophages and foam cells have

been found, but the in clu sions were not seen in any of

them. 

Serological mark ers of chronic C. pneumoniae in fec -

tion were de tected in 45/52 (86.5%) AAA pa tients and in

10/30 (33.3%) healthy con trols (χ2=24.4; df=1; p<0.001).

Serological mark ers of pre vi ous con tact with the patho gen 

were de tected in 7/52 (13.5%) AAA pa tients and in

20/30 (66.6%) healthy con trols. We did not de tect sero -

logical mark ers of pri mary acute C. pneumoniae in fec tion in

any of our pa tients or healthy con trols (lack of spe cific IgM)

(Figs. 4 and 5). Sev en teen out of 45 (37.8%) AAA pa tients

with serological signs of chronic in fec tion had high titers of

spe cific IgG and IgA – they were called “ac tive in fec tion

group”. In ter est ingly, all mem bers of this group had symp -

tom atic an eu rysm. Sta tis ti cal anal y sis re vealed that symp -

tom atic an eu rysm was more fre quent in ac tive in fec tion

group in com par i son with the re main ing pa tients (ex act

Fisher’s test, p<0.001) (Fig. 6).

In ac tive in fec tion group the pres ence of C. pneu moniae

in aorta sam ples was de tected by means of IDFA or nested

PCR in15/17 (88.2%) pa tients. In two of them the bac te ria

was de tected only by IDFA, in oth ers two it was not de tected

by any of ap plied meth ods. All pa tients in this group had in -

flam ma tory in fil tra tion in their sam ples of aor tic wall, but

only in two of them the in fil tra tions were nu mer ous. Sta tis ti -

cal anal y sis showed that in ac tive in fec tion group the pres -

ence of in flam ma tory in fil tra tion in aor tic wall sam ples was

more fre quent that in the re mai n ing pa tients (ex act Fisher’s

test, p<0.05) (Ta ble 1). 

In 43/52 (82.7%) pa tients C. pneumoniae in fec tion

was de tected se ro log i cally and, si mul ta neously, us ing at

least one of ap plied di rect de tec tion meth ods. Two pa -

tients who were pos i tive in se rol ogy but neg a tive in IDFA

or PCR be longed to the ac tive in fec tion group; they had

mod er ate in fil tra tions in their aorta sam ples and symp tom -

atic an eu rysm.

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 eval u a tion de tected in fla m ma -

tory in fil tra tion in aorta sam ples of 43/52 (82.7%) pa -

tients. In aorta sam ples of 11/43 (25.6%) pa tients

abun dant in flam ma tory in fil tra tions were found, which

con sisted of mononuclear cells in the whole an eu rysm

wall. We called these pa tients “abun dant in flam ma tory in -

fil tra tion group”. All but one pa tient 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.
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Fig. 4. Previous contact with the pathogen (13.5%) and chronic C. Pneu -

moniae infection (86.5%) in AAA patients.
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Fig. 5. Previous contact with the pathogen (66.6%) and chronic C. pneu -

moniae infection (33.3%) in healthy controls



symp tom atic an eu rysm. How ever, since the group was

small in num ber, Fisher’s ex act test re vealed that there had 

been no sta tis ti cally sig nif i cant as so ci a tion be tween nu -

mer ous in flam ma tory in fil tra tion and symp tom atic

aneurysm (p=0.154). 

In all pa tients be long ing to abun dant in flam ma tory in -

fil tra tion group the pres ence of C. pneumoniae in aorta

sam ples was de tected us ing di rect de tec tion meth ods – in

7 of them by means of two ap plied meth ods and in 4 oth ers 

– by one method only. Nine out of 11 (81.8%) pa tients in

this group had serological signs of chronic non-ac tive

C. pneumoniae in fec tion and 2/11 (18.2%) of ac tive in fec -

tion (Ta ble 2).

Over all re sults of the serological ex am i na tion, di rect

mi cro or gan ism iden ti fi ca tion, histological traits of the in -

flam ma tion in the AAA wall and the symp toms of an eu -

rysm are sum ma rized in Ta ble 3.

Discussion

The meth ods of di rect C. pneumoniae de tec tion in ar -

te rial tis sues in clude an ti gen de tec tion by immuno cyto -

chemistry (ICC) or immunofluorescence an ti body tech -

nique (IDFA), DNA de tec tion by PCR and in situ hy brid -

iza tion, EM, and iso la tion in cul ture. In our study PCR,

immunofluorescence an ti body tech ni que (IDFA), and, in

se lected sam ples, EM were used. De tec tion rates of

C. pneumoniae DNA by PCR in aorta wall sam ples taken

from AAA pa tients var ies be tween 50% and 100% among

stud ies and in ves ti ga tors [2, 10, 11, 27, 31]. How ever,

novel multicenter com par i son trial re ported that the rate of 

de tec tion of C. pneumoniae DNA within endarterectomy

spec i mens by PCR var ies be tween 0% and 100% [1]. Pos -

si ble rea sons of the dis crep ancy in de tec tion rates in clude

the lo cal ized na ture of chlamy dial pa thol ogy (the dis tri bu -

tion of bac te ria in athero sclerotic le sions is lo cal ized or

patchy), the small amount of tis sue ex am ined, dif fer ences

in lab o ra tory pro ce dures ap plied (lack of stan dard iza tion

of PCR as says) [15, 22]. In our study C. pneumoniae DNA 

was de tected by PCR in 84.62% of AAA pa tients. Rel a -
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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

62,2% 37,8%

Fig. 6. Chronic active (37.8%) and chronic non-active (62.2%) C. pneu -

moniae infection in AAA patients.

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
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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

NO IDFA PCR INFLAMMATION EM SEROLOGY SYMPTOMS

1. – + 1 0 –

2. + + 2 1 +

3. + + 1 1 –

4. + + 1 1 –

5. + + 1 + 2 +

6. + + 0 1 +

7. + + 0 1 –

8. – + 2 1 +

9. + + 0 1 +

10. + + 1 – 2 +

11. - – 1 2 +

12. + + 2 1 +

13. + – 2 1 –

14. + – 1 + 2 +

15. + – 0 1 +

16. + + 1 1 –

17. + + 1 1 –

18. + + 1 0 +

19. + + 2 + 2 +

20. + + 1 0 +

21. + + 1 – 2 +

22. + + 1 +/– 2 +

23. + + 1 +/– 2 +

24. – + 1 0 –

25. + + 2 1 +

26. + + 1 1 –

27. + + 1 1 –

28. + + 1 2 +

29. + + 0 1 +

30. + + 0 1 –

31. - + 2 1 +

32. + + 0 1 +

33. + + 1 2 +

34. – – 1 2 +

35. + + 2 1 +

36. + – 2 1 +

37. + – 1 2 +

38. + – 0 1 +

39. + + 1 1 –

40. + + 1 1 –

41. + + 1 0 +

42. + + 2 2 +

43. + + 1 0 +

44. + + 1 2 +

45. + + 1 2 +

46. + + 1 2 +

47. – + 1 0 –

48. + + 2 1 +

49. + + 1 1 –

50. + + 1 1 +

51 + + 1 2 +

52 + + 0 1 –

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.



tively high rate of pos i tive re sults in our study may de pend 

on the method – nested PCR is, in gen eral, more sen si tive

than sin gle-step PCR be cause of the 2-step am pli fi ca tion

and the use of 2 sets of prim ers. How ever, while in creased

sen si tiv ity is an ad van tage of nested PCR, car ry over con -

tam i na tion is a ma jor dis ad van tage of this method. The

pro ce dure of nested PCR used by us had higher sen si tiv ity

in com par i son with con ven tional PCR (0.06 IFU vs.

4 IFU) [22]. More over, in re cent rec o m men da tions for

stan dard iz ing C. pneumoniae as says, this pro ce dure was

con sid ered as sat is fy ing the op ti mal cri te ria for a val i dated 

as say [6].

A lack of cor re la tion be tween ICC or IDFA and PCR

in the de tec tion of C. pneumoniae in ar te rial tis sue has

been shown in lat est re view, in which 30 pub lished pa pers

de voted to this sub ject were sum ma rized [15]. It ap peared

that only 25–50% of the spec i mens were pos i tive by both

tests. More over, ICC or IDFA had higher de tec tion rates

than PCR (37% vs. 24%, or 68% vs. 29%, de pend ing on

the stud ies). This find ing is con trary to the sen si tiv ity of 

the tests, since PCR is more sen si tive than ICC or IDFA. 

Lower de tec tion rate with PCR has been at trib uted to

the dif fi culty in ex tract ing DNA from atheromatous tis -

sue and to the pres ence of in hib i tors for PCR in athero -

sclerotic ves sels [15]. More over, in re cent study

Vam men at al. stated that de tec tion of C. pneumoniae

by ICC pro ce dures should be in ter preted with cau tion

due to the po ten tial cross-re ac tion with non-chlamydial

pro teins [43]. In our study de tec tion rates for IDFA and

PCR were 86.54% and 84.62%, re spec tively. IDFA de -

tec tion rate was only in sig nif i cantly higher than that of

PCR. Ac cor dance rate was higher as com pared with lit -

er a ture data – 78.8% of aorta sam ples in our study were

pos i tive by both tests. 

Se rol ogy con sti tutes an im por tant tool for the di ag no sis

of C. pneumoniae in fec tion. MIF test, which was used in our 

study, had be come the serological “gold stan dard” for di ag -

no sis of in fec tions with this patho gen, be ing highly spe cific

and sen si tive when com pared with cul ture. It was the use of

the MIF that led to the iden ti fi ca tion of C. pneumoniae as

a dis tinct spe cies of Chlamydia. It is the only spe cies-spe -

cific an ti body test avail able that can mea sure isotype-spe -

cific an ti body titers to all Chlamydia spe cies simulta -

neously. The spec i fic ity of the MIF test can be at trib uted to

the use of pu ri fied el e men tary bod ies of all 3 spe cies of

Chlamydia rather than re tic u late bod ies that ex press pre -

dom i nantly ge nus-spe cific epitopes [6]. How ever, the as say

is tech ni cally com plex, in ter pre ta tion is sub jec tive, and nei -

ther re agents nor di ag nos tic cri te ria have been stan dard ized

[30, 40]. The cri te ria used in our work were re stricted. IgG

and IgA titers ap plied by us for MIF re sults in ter pre ta tion

were the high est in com par i son with the ones used by other

au thors [28].

One of the most chal leng ing as pects of C. pneu moniae

test ing is the iden ti fi ca tion of per sons with per sis tent or

chronic in fec tion by means of serological test ing. Per sis -

tently el e vated IgG or the pres ence of IgA an ti bod ies have

been fre quently used [3, 35, 36]. The per sis tence of el e -

vated an ti body titers is gen er ally con sid ered to be a sign of 

chronic in fec tion [12, 37]. There are no means to dis tin -

guish be tween chronic and re cur rent in fec tions re li ably,

al though the con stant pre s ence of IgA an ti bod ies has been

pro posed to in di cate chronic in fec tion. IgA is a short-liv -

ing im mu no glob u lin (half-life: 5–7 days), hence its pres -

ence im plies that the an ti gen is still pres ent. A high IgA

ti ter is con sid ered to be a marker for var i ous chronic bac -

te rial in fec tions, in clud ing Pseu do mo nas aeruginosa in -

fec tion in cys tic fi bro sis. Cir cu lat ing spe cific IgA is

un doubt edly a mar ker of the pres ence of C. pneumoniae

and it may in di cate that the in fec tion is chronic and still

ac tive [12]. Con stantly el e vated lev els of more long-liv ing 

IgG an ti bod ies (their half-life is mea sured in weeks or

months) may re flect re cur rent in fec tions in the past. IgM

an ti bod ies are con sid ered to in di cate pri mary acute in fec -

tion [9]. How ever, there is at pres ent no val i dated se ro -

logic marker of per sis tent or chronic in fec tion [6].

In our study we ob served sta tis ti cally sig nif i cant hig her

fre quency of se ro log i cally de fined chronic C. pneu mo niae in -

fec tion in AAA pa tients, as com pared with healthy con trols

(86.5% vs. 33.3%). Our re sults are in ac cor dance with those

ob tained by other investigators [18].

Stud ies us ing di rect de tec tion meth ods of C. pneu -

moniae DNA or an ti gen in the an eu rysm wall or athe -

rosclerotic plaques and in di rect serological de tec tion have 

re ported poor con cor dance be tween the two me th ods [15,

20, 34]. This in con sis tency may be ex plained by in hib i tors 

of PCR re ac tion, which are pres ent in hu man spec i mens

and patchy oc cur rence of C. pneu moniae in le sions but, in

fact, it re mains an un re solved par a dox with no good ex pla -

na tion. There is a sug ges tion that PCR and se rum MIF

should not be com pared be cause they prob a bly de tect an

in fec tion at dif fer ent stages; PCR may de tect cases at an

acute stage whereas in chronic cases DNA de tec tion by

PCR is prob a bly un suc cess ful [8]. Ac cord ingly to other

stud ies di rect de tec tion of C. pneumoniae an ti gens and

DNA in le sions seems more fre quent in peo ple with low

rather than with high titers of spe cific an ti bod ies [2]. 

In our work C. pneumoniae in fec tion was de tected se ro -

log i cally and, si mul ta neously, at least by one of two ap plied

di rect de tec tion meth ods in 82.7% of AAA pa tients. Di rect

de tec tion proved to be neg a tive in 2 pa tients who had high

titers of spe cific IgG and IgA. Seven pa tients who had low
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titers of spe cific IgG and IgA, in di cat ing pre vi ous con tact

with the patho gen but not in fec tion, ap peared pos i tive in di -

rect de tec tion meth ods.

In flam ma tion and pro te ol y sis are the twin pro cesses 

con sid ered to un der lie aor tic di la tion, with ma trix

metalloprotease-9 be ing con sid ered as one of the piv -

otal proteolytic en zymes in volved in an eu rysm ex pan -

sion in men and ex per i men tal an i mals [38]. C. pneu -

moniae is able to in duce an in flam ma tory re sponse in

in fected tis sues [23]. The chlamydial mem brane an ti -

gens and the se creted heat shock pro tein-60 stim u late

the se cre tion of ma trix metalloprotease-9 from hu man

macrophages in vi tro [13, 14]. By con trast, in novel

study, Petersen at al. did not con firm the hy poth e sis that 

the pres ence of C. pneu mo niae DNA in the AAA wall is

as so ci ated with in creased ac tiv ity of ma trix metallo -

proteases [32]. This sug gests that fac tors other than

metalloproteases may con trib ute to ma trix deg ra da tion

and rup ture of C. pneu moniae DNA- po s i tive AAA.

Mem brane an ti gens of C. pneumoniae were found in all

sam ples of AAA, even in the ab sence of DNA and heat

shock pro tein [24]. In re cent rab bit ex per i men tal model

chlamydial mem brane an ti gens (rather than liv ing or -

gan isms) ap peared to cause aneurysmal di la tion and as -

so ci ated macrophage re cruit ment and ac ti va tion [39]. 

In our study spe cial at ten tion have been paid to 2

groups of pa tients with symp tom atic an eu rysm namely se -

ro log i cally de fined ac tive in fec tion group and pa tients

with abun dant in flam ma tory in fil tra tion in their aorta

sam ples (in this group there was one pa tient with out

symp tom atic an eu rysm).

In 88.2% of the pa tients in ac tive in fec tion group

C. pneu moniae was de tected by at least one of the ap plied

di rect de tec tion meth ods. All but 2 pa tients in this group had 

mod er ate in flam ma tory in fil tra tions and all had symp tom -

atic an eu rysm. This may sug gest that in the pa tients with

high titers of spe cific anti-C. pneumo niae an ti bod ies lo cal

in flam ma tory re ac tion is not the main pro cess re spon si ble

for an eu rysm rup ture. In our pre vi ous study [46] it was

found that in this group of pa tients IL-12 and IFN-gamma

se rum con cen tra tions were sig nif i cantly lower than in the

re main ing AAA pa tients and healthy con trols sug gest ing

down-reg u lated cell-me di ated im mune re sponse, which in

turn could be the cause of chronic in fec tion re ac ti va tion.

Liv ing and ac tively rep li cat ing intracellular bac te ria may

ac ti vate the pro cesses of aor tic wall deg ra da tion in an other

way than chronic (cryptic) form of bacteria or persistent

antigens [7, 20]. 

In the re cent work of Lindholt and al. the pro gres sion

of AAA in men was pos i tively cor re lated with the pres -

ence of in di ca tors of C. pneumoniae in fec tion. A sig -

nificant pos i tive cor re la tion be tween both IgA and IgG

titers and mean an nual ex pan sion of AAA was ob -

served. An IgG ti ter of 1:128 or higher was pres ent sig -

nif i cantly more of ten in cases with an ex pan sion greater

than 1cm an nu ally [19]. In the study of Vammen et al. it

was claimed that an ti bod ies against C. pneu moniae pre -

dict the need for elec tive in ter ven tion on small aneu -

rysms. IgG an ti bod ies were most pre dic tive for cases

ex pand ing to op er a tion rec om mend able sizes [41]. Sim -

i larly, our study also con firmed that high titers of

anti-C. pneumoniae IgG and IgA cor re lated with symp -

tom atic an eu rysm.

In all pa tients with abun dant in flam ma tory in fil tra tion 

C. pneumoniae was de tected se ro log i cally and at least by

one of two di rect de tec tion meth ods. In 81.8% of the pa -

tients in this group se ro log i cally de fined chronic

non-active in fec tion was de tected and ac tive in fec tion

in 18.2%. Pro vid ing that mem brane an ti gens rather than 

liv ing bac te ria en hance in flam ma tory in fil tra tion in

aor tic wall [39], the data sug gest that in se ro log i cally

de fined chronic non-ac tive in fec tion C. pneumoniae an -

ti gens or per haps spe cial, cryp tic form (typ i cal for per -

sis tent in fec tion) are pres ent in le sions rather than

ac tively rep li cat ing bac te ria. In our pre vi ous study se -

rum IL-12 and IFN-gamma con cen tra tions ap peared to

be higher in this group of pa tients in com par i son with

the ac tive in fec tion group, sug gest ing that the pa tients

with chronic non-ac tive in fec tion were able to con trol

the in fec tion [46]. So, it can be con cluded that C. pneu -

moniae can par tic i pate in AAA for ma tion via dif fer ent

path ways, de pend ing on the form of in fec tion. Con se -

quently, AAA pa tients in fected with C. pneumoniae

seem not to be a ho mog e nous group. Ac tive in fec tion

group is much more prone to have symp tom atic an eu -

rysm than chronic non-ac tive in fec tion group. Se rol ogy

can be very use ful in dif fer en ti at ing these two groups

and in pre dict ing AAA ex pan sion and the risk of rup ture 

and there fore stan dard iza tion of serological tech niques

and the de vel op ment of uni form cri te ria for in ter pre ta -

tion of se ro logic find ings is nec es sary [40].

It has been shown that C. pneumoniae can rep li cate in 

hu man macrophages, en do the lial cells, and smooth mus -

cle cells [7]. The pres ence of all forms of C. pneu moniae,

namely IB, EB and RB in aorta sam ples ex am ined by us in 

elec tron mi cro scope con firms these find ings. How ever,

the ex act role of C. pneumoniae in the pathogenesis of

vas cu lar dis ease, in clud ing AAA, is still not known.

Inter-lab o ra tory stan dard iza tion of both, di rect and in di -

rect de tec tion meth ods of C. pneumoniae is ab so lutely re -

quired to pre cisely elu ci date the role of these bac te ria in

AAA de vel op ment.
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Conclusions 

1. AAA pa tients in fected with C. pneumoniae are not a ho -

mog e nous group. “High se rol ogy” group is much more

prone to have symp tom atic an eu rysm than the re main ing

AAA patients. 

2. Se rol ogy can be very use ful in pre dict ing the risk of

AAA rup ture. 

3. Inter-lab o ra tory stan dard iza tion of di rect and in di rect de -

tec tion meth ods of C. pneumoniae in fec tion is re quired

to elu ci date the role of these bac te ria in AAA de ve l op -

ment.
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