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Summary Objectives: The aim of the present study was to search for an association
betweenchronicChlamydiapneumoniae infection, indicatedbyelevatedantibody titers
against the pathogen, atherothrombosis and the occurrence of arterial ischemic events.
Methods: We studied 52 patients presenting at baseline with at least one symptomatic
episode of atherothrombosis. A screening for fasting blood glucose and a lipid profile
was performed on all patients who had no known history of diabetes or hypercholester-
olemia.
Results: The prevalence of IgG and IgA anti-C. pneumoniae antibodies at baseline was
90% (95% CI: 79e97) and 81% (67e90), respectively. Forty-two of the 52 patients (81%)
experienced a new arterial ischemic event after a mean follow-up of 9 years [heart:
19 (37%); brain: 12 (23%); lower limbs: 8 (15%); and other: 13 (25%)]. Occurrence of
a new arterial ischemic eventwas related to age (p¼ 0.003), sex (p¼ 0.009), and tobac-
co smoking (p¼ 0.06). Prevalences of IgA and IgG anti-C. pneumoniaewere significantly
higher in patients with atherothrombosis at baseline than that in controls.
Conclusion: Our study confirmed the links between C. pneumoniae and atherothrombo-
sis. However, neither IgA nor IgG antibodies for C. pneumoniaewas a significant predic-
tive factor for new ischemic arterial events in patients with atherothrombosis.
ª 2005 Published by Elsevier Ltd on behalf of The British Infection Society.
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Introduction

In addition to the well-established cardiovascular
risk factors such as hypercholesterolemia, hyper-
tension, and cigarette smoking, multiple addition-
al factors have been suspected in both the
development and progression of atherothrombo-
sis.1 Chlamydia pneumoniae (C. pneumoniae)has
been the focus of research associating infection
with atherothrombosis.2,3 C. pneumoniae is an ob-
ligate intracellular parasite that commonly infects
mononuclear phagocytes. Macrophages derived
from monocytes are localized in human athero-
sclerotic plaques and provide a mechanism for
entry of the organism into the vessel wall. C.
pneumoniae has been identified in atherosclerotic
plaques of patients with cerebrovascular and car-
diovascular diseases.4,5 The biology of C. pneumo-
niae is characterized by alternate phases of
activity and latency in inflammatory lesions, fol-
lowed by fibrosis and scarring, and ultimate degra-
dation, the antigens being detectable for
a considerable longer time than intact DNA.5

Based on seroepidemiological studies, C. pneu-
moniae has been suspected to play a role in ath-
erosclerosis.6,7 Association of high level of IgA
anti-C. pneumoniae with symptomatic disease
suggests that chronic C. pneumoniae infection
anywhere in the body could play a role in athero-
sclerotic plaque activation and be used as a marker
to target populations in future prevention trials.5

Given the potential for enhancing pro-inflammatory
mediators that could lead to plaque rupture or
luminal thrombosis, we hypothesized that C. pneu-
moniae would be present in a significantly larger
percentage of symptomatic vs. asymptomatic
patients with atherothrombosis. The aim of the
present study was to search for an association be-
tween chronic C. pneumoniae infection, indicated
by elevated antibody titers against the pathogen,
atherothrombosis and the occurrence of arterial
ischemic events.

Methods

Patients

We studied 52 patients presenting at baseline with
at least one symptomatic episode of atherothrom-
bosis (i.e. stroke, angina, myocardial infarction,
peripheral arterial disease, and others). Patients
were followed-up during a mean period of 9 years,
and occurrence of new arterial ischemic events
was collected for each patient. Risk factors for
atherothrombosis were recorded in all patients
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including hypertension (blood pressure> 140/
90 mm Hg), past history of smoking (�0.5 pack-
years), diabetes (treated by oral agent or insulin
for >1 year), and hypercholesterolemia (LDL cho-
lesterol> 160 mg/dL, untreated). A screening for
fasting blood glucose and a lipid profile was per-
formed on all patients who had no known history
of diabetes or hypercholesterolemia. A group of
56 healthy blood donors, mean age 49 years (range
27e58), have been selected as a control group.

Serological detection of C. pneumoniae

ELISA was performed on frozen (�80 �C) serum
samples using the Sero C. pneumoniae Quant.8

This test, based on specific C. pneumoniae pepti-
des, is a semi-quantitative determination of specific
IgG and IgA antibodies to C. pneumoniae. A result
higher than 10 IU/mL was considered positive [9].

Statistical methods

For comparisons of categorical variables, Chi-
square and Fisher’s exact tests (2-sided p value)
were used. Continuous variables were compared
using either t test or Wilcoxon test. The occur-
rence of any new arterial ischemic event was ana-
lyzed using a logistic regression model. Factors
related to both IgA antibodies and occurrence of
a new arterial ischemic event in univariate analysis
at a significance level of 0.20 were included in the
logistic regression model. The statistical analyses
were performed using the SAS� software.

Results

The baseline characteristics of the cohort accord-
ing to C. pneumoniae serology are presented in
Table 1. The prevalence of IgG and IgA anti-C.
pneumoniae antibodies at baseline was 90% (95%
CI: 79e97) and 81% (67e90), respectively. Patients
with either IgA or IgG antibodies were significantly
older than those without antibodies. Males were
more likely to have either IgA or IgG antibodies
than women. All other baseline characteristics,
including ischemic area, were not significantly re-
lated to anti-C. pneumoniae antibodies.

Forty-two of the 52 patients (81%) experienced
a new arterial ischemic event after a mean follow-
up of 9 years [heart: 19 (37%); brain: 12 (23%);
lower limbs: 8 (15%); and other: 13 (25%)]. Patients
who experienced a new arterial ischemic event
during follow-up were as much as likely to have
either IgA or IgG antibodies at baseline than those
without any event (91% vs. 90% for IgG, and 83% vs.
ember 2005 � 2/5
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70%, p¼ NS). Occurrence of a new arterial ische-
mic event was related to age (p¼ 0.003), sex
(p¼ 0.009), and tobacco smoking (p¼ 0.06). The
logistic regression model showed that, after ad-
justing for sex, age, family history of atherosclero-
sis disease, and tobacco smoking at baseline, IgA
anti-C. pneumoniae was not significantly related
to the occurrence of a new arterial ischemic event
(Table 2). Prevalences of IgA and IgG anti-C. pneu-
moniae were significantly higher in patients with
atherothrombosis at baseline than that in controls
(Table 3).

Discussion

In the present cohort study, the very high preva-
lence of anti-C. pneumoniae antibodies in patients
with atherothrombosis brings further evidence for
a relationship between such infection and athero-
thrombosis, as reported by others.10e13 However,
neither IgA nor IgG antibodies for C. pneumoniae
was a significant predictive factor for new ischemic
arterial events in patients with atherothrombosis.

C. pneumoniae antibodies are more likely to be
found among male and older patients. Khairy et al.

Table 1 Baseline characteristics of patients
according to Chlamydia pneumoniae serology

IgG and IgA
negative
(n¼ 5)

IgG or IgA
positive
(n¼ 47)

p

Mean age,
years (std)

47.2 (15.2) 61.0 (12.6) 0.03

Male sex [n (%)] 1 (20) 34 (72) 0.03
Body mass index� 25
[n (%)]

2 (40) 17 (36) 1.00

Mean follow-up
duration, years (std)

7 (3.3) 9.4 (7.2) 0.46

Tobacco smoking
[n (%)]

4 (80) 31 (66) 1.00

Hormone
replacement
therapy, in
women [n (%)]

3 (75) 4 (31) 0.25

Diabetes [n (%)] 0 6 (13) 0.31
Hypertension [n (%)] 3 (60) 21 (45) 0.65
Hypercholesterolemia
[n (%)]

2 (40) 28 (60) 0.64

Familial history of
atherothrombosis
[n (%)]

3 (60) 13 (28) 0.16

Arterial ischemic territory
Heart 0 14 (30) 0.31
Brain 2 (40) 10 (21) 0.33
Legs 4 (80) 21 (45) 0.18
Other 0 4 (9) 1.00
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found an absence of association between infec-
tious agents, included C. pneumoniae and endo-
thelial function in healthy young men.14 Few
data on the epidemiology of C. pneumoniae in
blood donors and general population are avail-
able.15 Our results of 41% seropositivity for IgG
contrast with the Irish study that reported a 70%
seropositivity in a randomly selected adult popula-
tion.16 O’Neill et al. did not find significant relation
between C. pneumoniae antibodies and age, gen-
der or smoking.16 They found, however, that C.
pneumoniae seroprevalence was higher in patients
with low socio-economic status. Further studies
are needed for a better knowledge of the epidemi-
ology of C. pneumoniae in general population and
patients with atherothrombosis.

The obligate intracellular bacterium C. pneumo-
niae has recently been implicated in the pathogen-
esis of atherosclerosis.[17] In the present study,
using a highly specific test, serological response
to C. pneumoniae indicates an increased pre-
valence in patients suffering from symptomatic
atherothrombosis disease. Two recent studies
have demonstrated that the detection of a link be-
tween C. pneumoniae and coronary artery disease
depends on the choice of serologic methods.18,19

However, Hermann and colleagues reported that
ELISAs that are fast and objective deliver seropre-
valence results, sensitivities, and specificities
that are very similar to those of the MIF test.8

Our results corroborate other investigations that
reported the presence of chlamydial structures
and even viable C. pneumoniae in atherosclerotic
plaques. Experimental proof, however, of an

Table 2 Factors related to new arterial ischemic
event (logistic regression model, n¼ 52)

Odds
ratio

95% Confidence
interval of
odds ratio

p

Age 1.10 1.02e1.19 0.02
Sex (female as
reference)

13.8 1.4e131.1 0.02

Smoking
(non-smoking
as reference)

5.84 0.83e40.7 0.07

Family history of
atherothrombosis
(no history
as reference)

3.57 0.35e35.9 0.28

IgA anti-C
Pneumoniae>
10 IU/mL
(IgA� 10 IU/mL
as reference)

0.68 0.08e5.82 0.72
ovember 2005 � 3/5
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Table 3 IgG and IgA for Chlamydia Pneumoniae infection in controls and patients with atherothrombosis

Controls (n¼ 56) Patients with
atherothrombosis (n¼ 52)

p

IgG titers [mean (95% CI)] 40.8 [31.1;51.1] 69.2 [54.2;80.9] 0.001
IgG> 10 IU/mL [n (%)] 41 (73%) 47 (90%) 0.02
IgA titers [mean (95% CI)] 18.5 [12.5;24.9] 52.4 [38.1;64.3] 0.0001
IgA> 10 IU/mL [n (%)] 18 (32%) 42 (81%) 0.0001
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etiological role of C. pneumoniae in atherothrom-
bosis has not yet been accomplished since a well-
established animal model and a system of genetic
recombination are not yet available.

Elevated anti-chlamydial IgA levels are believed
to occur with reinfection of C. pneumoniae.20e22

IgA titers begin to decline within weeks to several
months after reinfection. Persistently elevated IgA
levels are believed to be associated with a chronic
infection state and have been noted in both chron-
ic and acute coronary diseases.20 However, no as-
sociation was seen between the presence of C.
pneumoniae in atherosclerotic plaques and immu-
noglobulin titers. More than 70% of patients with
plaque positive for C. pneumoniae by PCR did not
show elevated IgA anti-chlamydial titers. This
lack of association makes anti-chlamydial IgA titer
levels a poor indicator for intraplaque presence of
C. pneumoniae although elevated anti-chlamydial
IgA levels seem associated with symptomatic dis-
ease, as previously reported.23,24 Elevated serum
anti-chlamydial IgA may represent a more chronic
infection state, inducing activation of atheroscle-
rotic plaque by circulating activated leukocytes.

Another possible explanation for association of
IgA levels with Chlamydia and symptomatic dis-
ease is a non-specific increase in immunoglobulin
response to antigens. Persons who have been pre-
viously infected with C. pneumoniae could display
an elevated anti-chlamydial IgA after exposure to
a variety of antigens. This supports the hypothesis
that generalized inflammatory response can acti-
vate atherosclerotic plaque, with anti-chlamydial
IgA acting only as a marker and not as an indicator
of the specific antigen exposure. Further studies
that focus on intraplaque differences between
symptomatic and asymptomatic patients in pres-
ence of C. pneumoniae need to be performed to
identify causative effect of infectious agents in
atherosclerotic disease.

Numerous clinical trials that have studied the
use of antibiotics in the secondary prevention of
ischemic heart diseases have had conflicting re-
sults. A recent meta-analysis based on nine pub-
lished studies, with a total of 11,015 participants,
showed that in patients with known ischemic heart
YJINF1718_proof � 23 No
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disease, macrolide antibiotics for C. pneumoniae
did not result in a statistically significant reduction
in recurrent cardiac events or mortality over 3
months to 3 years.25 However, other studies using
doxycycline in doses prescribed in routine clinical
practice for brucellosis decreases the risk of coro-
nary artery disease.26 These conflicting results
may be due to the obligate intracellular infectious
life cycle of C. pneumoniae. Only the intracellular
forms, i.e. the reticulate bodies, are metabolically
active and can be treated with membrane-perme-
ative antibiotics such as macrolides. The persistent
state is characterized by a metabolically active pe-
riod without replication. Until now, no antibiotics
have proven capable of eradicating persistent
chlamydial infections.27,28

In conclusion, our study suggests the links be-
tween C. pneumoniae and atherothrombosis. These
results must be confirmed on larger cohort. Clinical
evaluation of patients is complicated by the lack of
a useful parameter to indicate the risk of endovas-
cular infection. At the current state of scientific
knowledge, an experimental anti-Chlamydia treat-
ment in patients with atherothrombosis to prevent
new ischemic events may only be justified in ran-
domized controlled clinical trials.

Acknowledgements

We kindly thank Eliane Corre from BMD (Paris,
France) for providing the anti-chlamydial IgG and
IgA assays (Savyon).

References

1. Wood D. Established and emerging cardiovascular risk
factors. Am Heart J 2001;141(2 Suppl.):S49e57.

2. Siscovick DS, Schwartz SM, Caps M, Wang SP, Grayston JT.
Chlamydia pneumoniae and atherosclerotic risk in popula-
tions: the role of seroepidemiology. J Infect Dis 2000;
181(Suppl. 3):S417e20.

3. Saikku P, Leinonen M, Mattila K, et al. Serological evidence
of an association of a novel Chlamydia, TWAR, with chronic
coronary heart disease and acute myocardial infarction.
Lancet 1988;2(8618):983e6.
vember 2005 � 4/5



ARTICLE IN PRESS

449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487

488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

Chlamydia pneumoniae infection 5
R
R
E
C

4. Grayston JT, Kuo CC, Coulson AS, et al. Chlamydia pneu-
moniae (TWAR) in atherosclerosis of the carotid artery.
Circulation 1995;92(12):3397e400.

5. LaBiche R, Koziol D, Quinn TC, et al. Presence of Chlamydia
pneumoniae in human symptomatic and asymptomatic
carotid atherosclerotic plaque. Stroke 2001;32(4):855e60.

6. Saikku P. Epidemiology of Chlamydia pneumoniae in athero-
sclerosis. Am Heart J 1999;138(5 Pt 2):S500e3.

7. Grayston JT. Background and current knowledge of Chla-
mydia pneumoniae and atherosclerosis. J Infect Dis 2000;
181(Suppl. 3):S402e10.

8. Hermann C, Gueinzius K, Oehme A, Von Aulock S, Straube E,
Hartung T. Comparison of quantitative and semiquantitative
enzyme-linked immunosorbent assays for immunoglobin G
against Chlamydophila pneumoniae to a microimmunofluor-
escence test for use with patients with respiratory tract
infections. J Clin Microbiol 2004;42(6):2476e9.

9. Persson K, Boman J. Comparison of five serologic tests for
diagnosis of acute infections by Chlamydia pneumoniae.
Clin Diagn Lab Immunol 2000;7:739e44.

10. Krausse R, Leiendecker J, Herrmann G, Harder T, Ullmann U.
Chlamydia pneumoniae infection and restenosis in patients
with coronary heart disease. Infection 2003;31:149e54.

11. Kawamoto R, Doi T, Tokunaga H, Konishi I. An association
between an antibody against Chlamydia pneumoniae and
common carotid atherosclerosis. Intern Med 2001;40:
208e13.

12. Wolf SC, Mayer O, Jurgens S, et al. Chlamydia pneumoniae
IgA seropositivity is associated with increased risk for ath-
erosclerotic vascular disease, myocardial infarction and
stroke in dialysis patients. Clin Nephrol 2003;59:273e9.

13. Song H, Tasaki H, Yashiro A, et al. Chlamydia pneumoniae
infection and accelerated development of coronary artery
disease in patients with chronic renal failure. Clin Nephrol
2001;56:346e52.

14. Khairy P, Rinfret S, Tardif JC, et al. Absence of association
between infectious agents and endothelial function in
healthy young men. Circulation 2003;107:1966e71.

15. Shimizu C, Nabeshima S, Kikuchi K, Furusyo N, Kashiwagi S,
Hayashi J. Prevalence of antibody to Chlamydia pneumo-
niae in residents of Japan, the Solomon Islands, and Nepal.
Am J Trop Med Hyg 2002;67:170e5.

16. O’Neill C, Murray LJ, Ong GM, O’Reilly DP, Evans AE,
Bamford KB. Epidemiology of Chlamydia pneumoniae in-
fection in a randomly selected population in a developed
country. Epidemiol Infect 1999;122(1):111e6.
U
N
C
O

YJINF1718_proof � 23 N
T
E
D
P
R
O
O
F

17. Gaydos CA, Summersgill JT, Shane NN, Ramireze JA,
Quinn TC. Replication of Chlamydia pneumoniae in vitro
in human macrophages, endothelial cells, and aortic artery
smooth muscle cells. Infect Immun 1996;64:1614e20.

18. Schumacher A, Lerker ød AB, Seljeflot I, et al. Chlamydia
pneumoniae serology: importance of methodology in
patients with coronary heart disease and healthy individu-
als. J Clin Microbiol 2001;39:1859e64.

19. Hoymans VY, Bosmans JM, Van Renterghem L, et al. Impor-
tance of methodology in determination of Chlamydia pneu-
moniae seropositivity in healthy subjects and in patients
with coronary atherosclerosis. J Clin Microbiol 2003;41:
4049e53.

20. Saikku P, Mattila K, Nieminen MS, et al. Serological evidence
of an association of a novel Chlamydia, TWAR, with chronic
coronary heart disease and acute myocardial infarction.
Lancet 1988;29:983e6.

21. Markus HS, Sitzer DM, Carrington D, Mendall MA,
Steinmetz H. Chlamydia pneumoniae infection and early
asymptomatic carotid atherosclerosis. Circulation 1999;
100:832e7.

22. Huo CC, Jackson LA, Campbell LA, Grayston JT. Chlamydia
pneumoniae (TWAR). Clin Microbiol Rev 1995;8:451e61.

23. Elkind M, Lyn I, Grayston J, Sacco R. Chlamydia pneumoniae
and the risk of first ischemic stroke: The Northern Manhat-
tan Stroke Study. Stroke 2000;31:1521e5.

24. Cook PJ, Honeybourne D, Lip GYH, Beevers DG, Wise R,
Davies P. Chlamydia pneumoniae antibody titers are signif-
icantly associated with acute stroke and transient cerebral
ischemia. Stroke 1998;29:404e10.

25. Wells BJ, Mainous 3rd AG, Dickerson LM. Antibiotics for the
secondary prevention of ischemic heart disease: a meta-
analysis of randomized controlled trials. Arch Intern Med
2004 Oct 25;164(19):2156e61.

26. Kardara M, Papazafiropoulou A, Katsakiori P, Petropoulos C,
Jelastopulu E. Protective effect of doxycycline use on coro-
nary artery disease? J Infect 2005 [Epub ahead of print].

27. Kutlin A, Roblin PM, Hammerschlag MR. Effect of gemiflox-
acin on viability of Chlamydia pneumoniae (Chlamydophila
pneumoniae) in an in vitro continuous infection model.
J Antimicrob Chemother 2002;49:763e7.

28. Kutlin A, Roblin PM, Hammerschlag MR. Effect of pro-
longed treatment with azithromycin, clarithromycin, or
levofloxacin on Chlamydia pneumoniae in a continuous-
infection model. Antimicrob Agents Chemother 2002;46:
409e12.
ovember 2005 � 5/5


	Chronic Chlamydia pneumoniae infection in patients with symptomatic atherothrombosis
	Introduction
	Methods
	Patients
	Serological detection of C. pneumoniae
	Statistical methods

	Results
	Discussion
	Acknowledgements
	References


