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The relationship between Chlamydophila pneumoniae (Cp) infection and peripheral arterial occlusive 
disease (PAD) was studied by analyzing clinical samples from 95 patients with PAD and 100 controls. 
The following investigations were conducted: IgG and IgA against lipopolysaccharide (LPS) and 
against purified Cp-specific antigens from elementary bodies (EB) with ELISA; anti-EB IgG, with 
MIF; Cp DNA in arterial biopsy and peripheral blood mononuclear cells with heminested PCR; LPS 
with ELISA; and bacteria culture in HEp-2 cells from arterial biopsy. A significantly higher ratio of 
anti-EB IgG was detected in patients. There were no significant differences in anti-LPS IgG, anti-LPS 
IgA and anti-EB IgA between cases and controls. Cp DNA findings in the vascular wall biopsy 
showed significant differences between cases and controls. We obtained results that significantly 
involve Cp infection with PAD through the detection of anti-EB IgG from serum and bacterial DNA 
from arterial biopsy. 

Classical risk factors for atherosclerosis (AT) only explain 60% of cases. Microorganisms 
such as Chlamydophila pneumoniae (Cp) have been associated with this disease (CAMPBELL 
and KUO 2003). Cp is a respiratory pathogen (MONNO et al. 2002) that can spread through 
the organism from this localization through the monocyte-macrophage system (MOAZED  
et al. 1998). The relationship between Cp infection and AT has been demonstrated in obser-
vational and experimental studies. Since 1988, more than 70 prospective and cross-sectional 
studies of serum samples have studied anti-Cp antibodies in patients with AT. These works 
showed higher circulating anti-Cp antibodies and immune complexes with lipopolysaccha-
rides (LPS) (LINNANMAKI et al. 1993, SAIKKU et al. 1988) in patients with symptomatic 
AT, with or without surgical treatment (TIRAN et al. 1999). Studies presenting conflicting 
results have also been published (ANDERSON et al. 1998, GERDES et al. 2003, WEISS et al. 
1996).  
 The presence of the microorganism has also been investigated in coronary and peripheral 
atherosclerotic vascular tissues, using immunohistochemistry, PCR, in situ hybridization, 
electron microscopy, and cell culture. More than 50 studies detected Cp in atherosclerotic 
tissues using at least one of these methods, although the ranges detected were highly vari-
able (CAMPBELL and KUO 2003). On the other hand, some authors detected no DNA of the 
bacteria or did not recover it in cell culture (WEISS et al. 1996, BISHARA et al. 2003, LIND-
HOLT et al. 1998, ONG et al. 2001). The microorganism has also been detected in peripheral 
blood mononuclear cells (PBMCs), which would explain its dissemination from pulmonary 
to vascular localization (BLASI et al. 1999, MUHLESTEIN 2000). Animal studies have con-
firmed the latter and may explain its initiating and/or adjuvant action in the development of 
AT (Muhlestein et al. 1998). Clinical trials (ACADEMIC, WIZARD, MARBLE and ACES, 
among others) have attempted to prevent secondary events in association with the infection 
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from its vascular localization by means of different antibiotic treatments (DUNNE et al. 
1999, JACKSON et al. 1997, MUHLESTEIN et al. 2000).  
 Most of the above studies described associations between Cp infection and atherosclerotic 
coronary artery disease using isolated parameters that do not allow the results to be inter-
preted or applied to peripheral arterial occlusive disease (PAD).  
 For these reasons, patients with PAD were included in the present work, in which several 
simultaneous parameters were analyzed in order to establish a possible relationship with the 
bacteria through the presence of specific antibodies, antigens and DNA, and by their culture 
in a cell line. All of these parameters serve to improve our knowledge of the association 
between Cp infection and PAD.  

Materials and methods 

A case-control study design was adopted: group 1 comprised patients with PAD, potentially suscept-
ible to infection by the bacteria, and group 2 were controls. Both groups of subjects, who presented no 
respiratory or genital diseases, were recruited at our hospital and underwent various tests. 
 
Description of patients and controls: Group 1. Formed by 95 patients with PAD (diagnosed by 
basal electrocardiogram, echo-Doppler and clinical examinations according to established criteria of 
intermittent claudication and Fontaine stage III) and with absence of other diseases (LABS et al. 1999). 
They comprised 41 subjects with severe carotid stenosis, 18 with occlusive disease of infrarenal or 
iliac abdominal aorta, 20 with femoropopliteal occlusive disease and 16 with aneurism of infrarenal 
abdominal aorta of more than 5 cm diameter (total of 70 males and 25 females; mean age of 66 ± 8 
years). Samples of serum and vascular tissue with atherosclerosis were obtained from all patients in 
the group, and a PBMCs sample was also obtained from 15 of them. 
 
Group 2: Formed by 100 patients with chronic superficial venous insufficiency and without PAD, 
which was ruled out by clinical, carotid echo-Doppler and basal electrocardiogram examinations, or 
any other disease (45 males and 55 females, mean age 60 ± 3 years). This group was comparable with 
group 1 in terms of tobacco use, social situation, and number of patients over 60 years old. During the 
varicose vein resection, 1 cm of the external pudendal artery was removed from 50 patients, too. This 
artery was tested in the controls. A serum sample was also obtained from all patients. 
 
Tests performed: In all subjects, IgG anti-elementary bodies (EB) were investigated with MIF, and 
anti-EB IgG and IgA and anti-LPS IgG and IgA were studied with ELISA. In 15 subjects with PAD 
and 130 other subjects (80 with PAD and 50 with chronic superficial venous insufficiency), Cp DNA 
was analyzed with heminested PCR in PBMCs and arterial biopsies, respectively. LPS was 
investigated with ELISA in 80 arterial biopsies of PAD patients; and bacteria were cultured in HEp-2 
cells from 15 arterial biopsies of PAD patients. 
 
Methods of collection and preservation of samples: Arterial biopsies were washed with physiologic 
serum and placed in 2-SPG medium. They were refrigerated at 4 °C until their collection (for 
maximum of 4 h) or were immediately frozen at –20 °C for 12–16 h and then at –80 °C until their 
analysis. PBMCs samples were preserved in the same way after their separation from other blood 
components. Serum samples were frozen at –20 °C until their analysis.  
 The Ethics Committee of the hospital approved the study and all subjects signed their informed 
consent. No patient suffered active infections before arterial surgery that required antibiotic treatment. 
The processing and interpretation of all laboratory determinations were performed in a blinded 
fashion. 
  
Investigation of anti-Cp antibodies: IgA and IgG against LPS of Chlamydiaceae were investigated 
with an ELISA test (Chlamydien-rELISA, MEDAC, Germany) (GUTIÉRREZ-FERNÁNDEZ et al. 2001). 
IgA and IgG against purified Cp-specific antigens from EB were analyzed using MIF (C. pneumoniae, 
MRL Diagnostic, USA) (BENNEDSEN et al. 2002) and ELISA tests (C. pneumoniae, VIRCELL S.L., 
Spain) (GUTIÉRREZ et al. 2002).  
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Detection of Cp DNA in biopsy of vascular wall using heminested PCR: A variation of PCR 
developed by CAMPBELL et al. (1992) was used for these determinations. This methodology was 
previously reported by our group (GUTIÉRREZ et al. 2001). The amount of DNA was matched among 
samples (50–100 ng/ml). 
  
Detection of Cp DNA in PBMCs: A methodology previously published by our group was used to 
separate PBMCs from plasma and red blood cells (GUTIÉRREZ et al. 1989). The method to detect the 
DNA was the same as for the biopsy samples, except that lysis buffer was not used in the DNA 
extraction. 
 
Investigation of LPS antigen of Chlamydiaceae in atheromous plaque: A previously described 
ELISA (MicroTrack II, DADEBEHRING Diagnostics Inc., Germany) was used (DEAN et al. 1998), in 
which samples and controls are additionally left in the elution solution at room temperature for 2 h to 
facilitate the release of the bacterial LPS. The validation data for LPS detection by MicroTrack II in 
arterial specimens were not provided. 
 
Cell culture of Cp: The shell-vial method proposed by MAASS and HARIG (1995) was used, with 
some modifications. Three samples from each patient were cultivated in a different way: one was 
incubated 96 h at 37 °C; another was centrifuged three times on alternate days (45 min to 800 g), 
changing the culture medium after each centrifugation; and the third was subcultured 11 times. 
Infected cell monolayers were observed using a direct MIF test with mouse monoclonal anti-LPS 
antibody to detect Cp infection (IMAGEN Chlamydia, DAKO, Germany). 
  
Statistical analysis: The SPSS version 11.5.1 (SPSS Inc. 1989–2002) program was used. The 
comparison of discrete variables was performed with the chi-square (χ2) test. The ability of anti-Cp 
antibodies to predict atheromous plaque infection was determined by calculating the predictive value 
in samples from patient and control groups. The exclusion of the association between Cp infection and 
the development of PAD is the null hypotheses of this analysis. 

Results 

Antibodies against Cp  

Table 1 shows the samples in which antibodies were detected. A significantly (p < 0.001) 
higher ratio of anti-EB IgG was detected in group 1 (by MIF and ELISA). There were no 
significant differences in anti-LPS IgG, anti-LPS IgA and anti-EB IgA between cases and 
controls. 
 
 
Table 1 
Samples with positive results in each laboratory serologic test and study group 

Groups (samples) PADa (95) Controls (100) 

 Nd % N % 

ANTI-EBb IgG (MIF) 68 71.6 34 34 
ANTI-EB IgG (ELISA) 70 73.7 31 31 
ANTI-EB IgA (ELISA) 11 11.6 11 11 
ANTI-LPSc IgG (ELISA) 10 21.1 14 14 
ANTI-LPS IgA (ELISA) 21 22.1 21 21 

aPAD – peripheral arterial occlusive disease. bEB – elementary bodies of Cp. cLPS – lipopolysaccha-
ride. Nd – number of positive samples 
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Cp DNA in vascular wall biopsy and PBMCs   

Cp DNA findings in the vascular wall biopsy showed significant differences between  
all group 1 subgroups and group 2 (p < 0.001) (Table 2). No Cp DNA was detected in  
15 PBMCs samples from group 1 patients. Table 3 displays the positive (PPV) and negative 
(NPV) predictive values for tests that predicted infection of atheromous plaque by detection 
of anti-Cp antibodies; infection was confirmed by presence of Cp DNA. The anti-EB IgG 
ELISA and MIF tests presented the highest PPV. No test had a noteworthy NPV. 

LPS antigen of Chlamydiaceae and cell culture of atheromous plaque Cp 

Only one sample in group 1 showed a positive result for LPS of Chlamydiaceae by ELISA 
(1.25 %). This sample came from a patient with no anti-Cp antibodies or Cp DNA, and no 
Cp strain could be recovered by cell culture.  

Discussion  

The present study aimed to make an additional and novel contribution to published studies 
on the relationship between Cp infection and PAD. The results obtained appear to support 
the conclusions of authors who consider that Cp infection may participate in the processes 
studied. 

Antibodies against Cp  

Previous reports using serologic studies have positively (BLANCHARD et al. 2000) or nega-
tively (GERDES et al. 2003) related Cp infection to peripheral AT. We found a positive rela-
tionship only for anti-EB IgG and not for anti-LPS IgG and IgA or anti-EB IgA, which may 
 
Table 2 
Presence of DNA of Chlamydophila pneumoniae in groups 1 and 2 

Localization of samples N° of samples with DNA/total samples (%) 

 
Group 1 

 
52/80 (65) 

CSa 18/26 (69.2) 
IIAODb 12/18 (66.7) 
FPOc 13/20 (65) 
IAAAd  9/16 (56.3) 
Group 2  6/50 (12) 

aCS – carotid stenosis. bIIAOD – infrarenal or iliac abdominal aortic occlusive disease. cFPO – 
femoropopliteal occlusion. d IAAA – infrarenal abdominal aortic aneurysm 
 
 
Table 3 
Predictive values of assays to detect anti-Chlamydophila pneumoniae antibodies infection in athero-
mous plaque 

 anti-EBc IgG 
(MIF) 

anti-EB IgG 
(ELISA) 

anti-EB IgA 
(ELISA) 

anti-LPSd IgG 
(ELISA) 

Anti-LPS IgA 
(ELISA) 

PPVa 0.724 0.724 0.052 0.172 0.259 
NPVb 0.417 0.333 0.153 0.236 0.306 

aPPV – positive predictive value. bNPV – negative predictive value. cEB – elementary bodies of Chla-
mydophila pneumoniae. d LPS – lipopolysaccharide 
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be explained by various biological phenomena. There may be a persistent Cp infection in 
the PAD patients with bacteria that replicate little and express less LPS, as observed with 
Chlamydia trachomatis (GEISLER et al. 2001). On the other hand, the short half-life of anti-
LPS antibodies in relation to anti-EB antibodies may limit its detection, especially in 
chronic infections such as AT (TIRAN et al. 1999, VEERKOYEN et al. 1997). We believe that 
EB may be recognized by the immune system before their arrival at the vascular endothe-
lium. This may result from the expulsion of EB at certain points of their biological cycle 
during their transport through the monocyte-macrophage system, and small stimuli would 
be sufficient to induce antibody synthesis. Nevertheless, our results may show some biases: 
a) although the presence of major respiratory infection was an exclusion criterion for group 1 
and 2 subjects, the presence of minor respiratory illnesses can increase IgG and IgA titers 
when associated with arterial disease (TIRAN et al. 1999); b) infection without seroconver-
sion has been previously reported (EMRE et al. 1994); and c) the detected signal may be 
related to heterotypical immunologic responses (due to antigenic similarities with other 
Chlamydiaceae species, gram negative bacilli or human heat shock proteins) rather than to 
anti-Cp antibodies. This may be due to the presence of poorly characterized epitopes of the 
bacteria into the employed kits. Moreover, if LPS remain in the EB, it could be interpreted 
as an increase in specific anti-Cp antibodies (MAURIN et al. 1997).  

Cp DNA in vascular wall biopsy and PBMCs   

We found a higher proportion of positive results compared with previous findings in pa-
tients with stenosis of carotid arteries or infrarenal or femoropopliteal aorta. Our findings 
were similar to reports in patients with stenosis of iliac artery or abdominal aortic aneurysm 
(DOBRILOVIC et al. 2001).  
 However, we obtained no positive PCR results in PBMCs. This finding agrees only with 
that of ONG et al. (2001) and differs from that reported by other authors, who detected Cp 
DNA in up to 60% of isolates (SMIEJA et al. 2002). This discrepancy may be explained by 
variability in PBMCs separation methods and difficulties of sample preservation. A recent 
study concluded that preservation problems and a scant DNA presence led to negative find-
ings in replicas of samples previously found to be positive (BOMAN et al. 2000, SMIEJA  
et al. 2001).   

LPS of Chlamydiaceae and cell culture of atheromous plaque Cp 

Given the LPS and the anti-LPS antibodies detection results, the positive LPS result by 
ELISA may be a false positive. Considering the antibodies detected and the above-reported 
hypothesis regarding the absence of their synthesis, the scant LPS presence in these samples 
is comprehensible, because its expression may be limited by immunocomplexes, hampering 
LPS detection. Moreover, the extraction of chlamydial LPS is a difficult procedure, espe-
cially from calcified tissues. This is the first report of the application of this kit test to arte-
rial wall biopsies, precluding any comparison with other results.  
 In relation to cell culture, authors have isolated Cp in peripheral artery but they did not 
study a control group, so that a definitive association cannot be established (APFALTER et al. 
2000). At any rate, the scant isolation rates demonstrate the complexity of the technique and 
the difficulty of growing the bacteria, especially in initial cultures (APFALTER et al. 2000, 
JACKSON et al. 1997). 
 The contribution of this study to the existing literature on the association between Cp in-
fection and PAD derives from the simultaneous performance of multiple tests that detect 
different targets. Data were obtained on Cp from its recognition by the immunologic system, 
during its transport through monocyte-macrophage system, and up to the determination of its 
DNA in atheromous plaque. To summarize, we obtained results that significantly involve Cp 
infection with peripheral AT through the detection of anti-EB IgG and bacterial DNA.  



Peripheral arterial disease and C. pneumoniae 299 

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

References 

ANDERSON, J. L., CARLQUIST, J. F., MUHLESTEIN, J. B., HOME, B. D. and ELMER, S. P., 1988. Evalua-
tion of C-reactive protein, an inflammatory marker, and infectious serology as risk factors for coro-
nary artery disease and myocardial infarction. J. Am. Coll. Cardiol., 32, 35–41. 

APFALTER, P., LOIDL, M., NADRCHAL, R., MAKRISTATHIS, A., ROTTER, M. and BERGMANN, M., 2000. 
Isolation and continuous growth of C. pneumoniae from arterectomy specimens. Eur. J. Clin. Mi-
crobiol. Infect. Dis., 19, 305–308. 

BENNEDSEN, M., BERTHELSEN, L. and LIND, I., 2002. Performance of three icroimmunofluorescence 
assays for detection of Chlamydia peumoniae immunoglobulin M, G, and A antibodies. Infection, 
atherosclerosis and macrolide antibiotics group. Clin. Diagn. Lab. Immunol., 9, 833–839. 

BISHARA, J., PITLIK, S. and KAZAKOV, A., 2003. Failure to detect Chlamydia pneumoniae by cell 
culture and polymerase chain reaction in major arteries of 93 patients with atherosclerosis. Eur. J. 
Clin. Microbiol. Infect. Dis., 22, 300–302. 

BLANCHARD, J. F., ARMENIAN, H. K., PEELING, R., FRIESEN, P. P., SHEN, C. and BRUNHAM, R. C., 
2000. The relation between Chlamydia pneumoniae infection and abdominal aortic aneurysm: case-
control study. Clin. Infect. Dis., 30, 946–947. 

BLASI, F., BOMAN, J., ESPOSITO, G., MELISSANO, G., CHIESA, R. and COSENTINI, R., 1999. Chlamydia 
pneumoniae DNA detection in peripheral blood mononuclear cells is predictive of vascular infec-
tion. J. Infect. Dis., 180, 2074–2076. 

BOMAN, J. and GAYDOS, C. A., 2000. Polymerase chain reaction detection of Chlamydia pneumoniae 
in circulating white blood cells. J. Infect. Dis., 181, 452–454. 

CAMPBELL, L. A and KUO, C. C., 2003. Chlamydia pneumoniae and atherosclerosis. Semin. Respir. 
Infect., 18, 48–54.  

CAMPBELL, L. A., PEREZ, M., HAMILGON, D. J., KUO, C. C. and GRASYTON, J. T., 1992. Detection of 
Chlamydia pneumoniae by polymerase chain reaction. J. Clin. Microbiol., 30, 434–439.  

DEAN, D., FERRERO, D. and MC CARTHY, M., 1998. Comparison of performance and cost-
effectiveness of direct fluorescent-antibody, ligase chain reaction, and PCR assays for verification 
of chlamydial enzyme immunoassay result for populations with a low moderate prevalence of 
Chlamydia trachomatis infection. J. Clin. Microbiol., 36, 94–99. 

DOBRILOVIC, N., VADLAMANI, L., MEYER, M. and WRIGHT, C. B., 2001. Chlamydia pneumoniae in 
atherosclerotic carotid artery plaques: high prevalence among heavy smokers. Am. Surg., 67, 589–
593.  

DUNNE, M., 1999. WIZARD and the design of trials for secondary prevention of atherosclerosis with 
antibiotics. Am. Heart J., 138, 542–544.  

EMRE, U., ROBLIN, P. M., GELLING, M., DUMORNAY, W., RAO, M. and HAMMERSCHLAG, M. R., 1994. 
The association of Chlamydia pneumoniae and reactive airway disease in children. Arch. Pediatr. 
Adolesc. Med., 148, 727–732. 

GEISLER, W. M., SUCHLAND, R. J., ROCKEY, D. D. and STAMM, W. E., 2001. Epidemiology and clini-
cal manifestations of unique Chlamydia trachomatis isolates that occupy nonfusogenic inclusions. 
J. Infect. Dis., 184, 879–884. 

GERDES, V. E., VERKOOYEN, R. P., KWA, V. I., de GROOT, E., van GORP, E. C. and TEN CATE, H., 
2003. Chlamydial LPS antibodies, intima-media thickness and ischemic events in patients with es-
tablished atherosclerosis. Atherosclerosis, 167, 65–71. 

GUTIÉRREZ, J., LINARES, J., LÓPEZ, C., RODRÍGUEZ, M., ROS, E., PIÉDROLA, G. and MAROTO, M. C., 
2001. Chlamydia pneumoniae DNA in the wall of patients with peripheral vascular diseases (PAD). 
Infection, 29, 196–200. 

GUTIÉRREZ, J., MAROTO, M. C. and PIÉDROLA, G., 1989. Granulocyte abnormalities in parenteral 
drug-addicts. The influence of HIV infection. Allergol. Immunopathol., 17, 251–255. 

GUTIÉRREZ, J., MENDOZA, J., FERNÁNDEZ, F., LINARES, J., SOTO, M. J. and MAROTO, M. C., 2002. 
ELISA test to detect Chlamydophila pneumoniae IgG. J. Basic Microbiol., 42, 13–18.  

GUTIÉRREZ, J., LINARES, J., FERNÁNDEZ, F., GUERRERO, M., LÓPEZ, C., ROS, E., RODRÍGUEZ, M. and 
MAROTO, M. C., 2001. The presence of anti-Chlamydia pneumoniae antibodies in peripheral vascu-
lar and neurological disorders. Rev. Neurol., 32, 501–505. 

JACKSON, L. A., CAMPBELL, L. A., KUO, C. C., RODRIGUEZ, D. I., LEE, A. and GRAYSTON, J. T., 1997. 
Isolation of Chlamydia pneumoniae from a carotid endarterectomy specimen. J. Infect. Dis., 176, 
292–295.  



300 F. FERNÁNDEZ et al. 

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 

LABS, K. H., DORMANDY, J. A., JAEGER, K. A., STUERZEBECHER, C. S., HIATT, W. R. and on Behalf of 
the Basel PAD Clinical Trial Methodology Group, 1999. Transatlantic Conference on Clinical Trial 
Guidelines in Peripheral Arterial Disease. Circulation, 100, 75–81. 

LINDHOLT, J. S., OSTERGAARD, L., HENNEBERG, E. W., FASTING, H. and ANDERSEN, P., 1998. Failure 
to demostrate Chlamydia pneumoniae in symptomatic abdominal aortic aneurysms by a nested poy-
merase chain reaction (PCR). Eur. J. Vasc. Endovasc. Surg., 15, 161–164. 

LINNANMAKI, E., LEINONEN, M., MATTILA, K., NIEMINEN, M. S., VALTONEN, V. and SAIKKU, P., 1993. 
Chlamydia pneumoniae-specific circulating immune complexes in patients with chronic coronary 
heart disease. Circulation, 87, 1130–1134.  

MAASS, M. and HARIG, U., 1995. Evaluation of culture conditions used for isolation of Chlamydia 
pneumoniae. Am. J. Clin. Pathol., 103, 41–148. 

MAURIN, M., EB, F., ETIENNE, J. and RAOULT, D., 1997. Serological cross-reaction between Bar-
tonella and Chlamydia species implications for diagnosis. J. Clin. Microbiol., 35, 2283–2287. 

MOAZED, T. C., KUO, C. C., GRAYSTON, J. T. and CAMPBELL, L. A., 1998. Evidence for systemic 
dissemination of Chlamydia pneumoniae via macrophages in the mouse. J. Infect. Dis., 177, 1322–
1325. 

MONNO, R., DE VITO, D., LOSITO, G., SIBILIO, G., COSTI, A. and FUMAROLA, L., 2002. Chlamydia 
pneumoniae in community-acquired pneumonia: seven years of experience. J. Infect., 45, 135–138. 

MUHLESTEIN, J. B., ANDERSON, J. L., CARLQUIST, J. F., SALUNKHE, K., HORNE, B. D. and PEARSON, 
R. R., 2000. Randomized secondary prevention trial of azithromycin in patients with coronary ar-
tery disease: primary clinical results of the ACADEMIC study. Circulation, 102, 1755–1760. 

MUHLESTEIN, J. B., ANDERSON, J. L., HAMMOND, E. H., ZHAO, L., TREHAN, S. and SCHWOBE, E. P., 
1998. Infection with Chlamydia pneumoniae accelerates the development of atherosclerosis and 
treatment with azithromycin prevents it in a rabbit model. Circulation, 97, 633–666.  

MUHLESTEIN, J. B., 2000. Chlamydia pneumoniae – induced atherosclerosis in a rabbit model. J. In-
fect. Dis., 181 (Suppl 3), 505–507. 

ONG, G. M., COYLE, P. V., BARROS D’SA, A. A., MCCLUGGAGE, W. G., DUPREX, W. P. and O’NEILL, 
H. J., 2001. Non-detection of Chlamydia species in carotid atheroma using generic primers by 
nested PCR in a population with a high prevalence of Chlamydia pneumoniae antibody. BMC In-
fect. Dis., 1, 12.  

SAIKKU, P., LEINONEN, M., MATTILA, K., EKMAN, M. R., NIEMINEN, M. S. and MAKELA, P. H., 1988. 
Serological evidence of an association of a novel chlamydia, TWAR, with chronic coronary heart 
disease and acute myocardial infarction. Lancet, 2, 983–986.  

SMIEJA, M., MAHONY, J., PETRICH, A., BOMAN, J. and CHERNESKY, M., 2002. Association of circulat-
ing Chlamydia pneumoniae DNA with cardiovascular disease: a systematic review. BMC Infect. 
Dis., 2, 21. 

SMIEJA, M., MAHONY, J. B., GOLDSMITH, C. H., CHONG, S., PETRICH, A. and CHERNESKY, M., 2001. 
Replicate PCR testing and probit analysis for detection and quantitation of Chlamydia pneumoniae 
in clinical specimens. J. Clin. Microbiol., 39, 1796–1801.  

TIRAN, A., TIO, R. A., OSSEWAARDE, J. M., TIRAN, B., den HEIJER, P. and THE, T. H., 1999. Coronary 
angioplasty induces rise in Chlamydia pneumoniae-specific antibodies. J. Clin. Microbiol., 37, 
1013–1017.  

VEERKOYEN, R. P., 1997. Chlamydia pneumoniae – studies on an emerging pathogen. Ph.D thesis. 
University of Rotterdam, Rotterdam, The Netherlands.  

WEISS, S. M., ROBLIN, P. M., GAYDOS, C. A., CUMMINGS, P., PATTON, D. L. and SCHULHOFF, N., 
1996. Failure to detect Chlamydia pneumoniae in coronary atheromas of patients undergoing  
atherectomy. J. Infect. Dis., 173, 957–962.  

 
Mailing address: Prof. Dr. JOSÉ GUTIÉRREZ, Departamento de Microbiología, Facultad de Medicina, 
Avda. de Madrid 11, E-18012 Granada, Spain 
Tel: +34 958243547 
Fax:  +34 958246119 
E-mail: josegf@ugr.es 
 


