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Abstract 
BACKGROUND: Several studies have suggested an association between Chlamydia pneumonia infection and atheroscle-
rosis. This study was designed to investigate the association between this organism and atherosclerotic plaque formation 
in right and left common carotid arteries (CCAs) and extracranial portions of internal carotid arteries (ICAs). 

METHODS: Antibodies to Chlamydia pneumoniae (IgA and IgG) were measured and compared in 42 patients who had 
plaque in at least one CCA or ICA (detected by duplex ultrasound) and 82 patients without any plaque in these arteries. 
Cp.IgG and Cp.IgA titers over 1.10 ISR were defined to be positive. 

RESULTS: We found that 6.1% of control subjects and 16.7% of cases were Cp.IgA seropositive. The difference be-
tween these two groups was prominent but was not statistically significant (P = 0.104). 4.2% of females without athero-
sclerotic plaque and 31.6% of females with plaque were Cp.IgA seropositive. This difference is statistically significant 
(P = 0.005). There was no significant difference in seropositivity of Cp.IgG between case and control subjects or in 
male and female groups with or without plaque. 

CONCLUSIONS: Cp.IgA is a predictor of atherosclerosis in women, but Cp.IgG has no predictive value for plaque forma-
tion in either gender.  
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erebrovascular events that include 
cerebral infarction due to thrombosis or 
emboli and intracranial hemorrhage are 

common causes of morbidity and mortality. 
Atherosclerosis is one of the precipitating fac-
tors of ischemic stroke that is caused by some 
risk factors such as hypertension, hyperlipi-
demia, diabetes mellitus, and smoking 1, but 
these conventional risk factors do not fully ex-
plain all atherosclerotic vascular disease, so 
new risk factors were suggested. Recently, 
 

increasing interest has focused on the putative 
causal role of chronic infections such as Chla-
mydia pneumonia, coxsackievirus and cy-
tomegalovirus 2-7. Chlamydia pneumonia is an 
obligatory intracellular microorganism that has 
been suggested as a contributing factor in 
pathogenesis of atherosclerosis by means of 
various mechanisms 8-10. So with assessing the 
markers of this infection as the predictors of 
atherosclerosis, plaque formation may be pre-
vented by some antibiotics 11. Chlamydia  
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pneumonia has been detected in carotid artery 
specimens with prevalence ranging from 0% to 
80% 2. Considering these controversies in this 
theme, and also the significance of the subject 
in prophylactic modalities of atherosclerosis, 
this study was designed to investigate the in-
fluence of chronic active Chlamydia pneumo-
niae infection on atherosclerotic plaque forma-
tion and to predict the role of its markers for 
occurrence of atherosclerosis and cerebrovas-
cular events.  

Methods 
This case-control study was done between 
Sept. 2005 and Feb.2006 in the department of 
neurology, section of duplex ultrasonography 
in Alzahra Hospital, affiliated with the Isfahan 
University of Medical Sciences in Iran. Cases 
and control subjects were chosen randomly 
from the referred patients who underwent du-
plex ultrasonography of cervical arteries. Du-
plex sonography was performed by two neu-
rologists using 5.5 MH transducer of ATL du-
plex ultrasound. After performing duplex ul-
trasonography on extracranial portions of ca-
rotid arteries, all cases with atherosclerotic 
plaque in external carotid and vertebral arter-
ies were excluded, and the remaining patients 
were divided into two groups: 42 patients with 
atherosclerotic plaque in at least one internal 
carotid artery or common carotid artery as case 
subjects; and 82 patients without any plaque in 
aforementioned arteries as control subjects. 
These two groups were adjusted for age, hy-
pertension, diabetes mellitus, hyperlipidemia 
and smoking. Patients with recent pulmonary 
infection (radiological or clinical) and ischemic 
heart diseases were not included in the study. 
The patients with atherosclerotic plaque were 
divided in 3 groups according to the severity 
of carotid stenosis 12 and Cp.IgG and Cp.IgA 
titers were compared in them. The Ethical Re-
view Committee of Isfahan University of 
Medical Sciences approved the study protocol. 
The nature of the study was explained to the 
patients or their family and his /her written 
consent was obtained.  

Serological Testing 
From every case 2 ml of fasting blood was ob-
tained and centrifuged within two hours after 
cooling in 4ºc. Then, its serum was separated 
and stored in -20ºc temperature for a maxi-
mum of one week, then in -70ºc temperature 
until analysis time. Sera were tested for IgG 
and IgA against Chlamydia pneumoniae 
(Cp.IgG and Cp.IgA) by one investigator using 
the ELISA method by Trinity biotech Capita 
kit, made in Ireland, by Trinity biotech manu-
facturer. Cp.IgG and Cp.IgA titers were pre-
sumed as negative when  they were equal or 
lower than 0.9 ISR (Immune Status Ratio), bor-
derline between 0.91 and 1.09 ISR, and positive 
when equal to or higher than 1.1 ISR. The labo-
ratory technician who performed all the tests 
was unaware of the study hypothesis.  

Analysis of Data 
We used t-student test for comparing the 
means of antibody titers between case and con-
trol groups. For analysis of qualified data, we 
used X2 (chi-square) tests. All analysis was per-
formed using statistical software SPSS, 11th edi-
tion. 

Results 
There were 42 cases that had atherosclerotic 
plaque in at least one of their right or left 
common carotid arteries and/or internal ca-
rotid arteries and 82 controls that did not have 
any plaque in those arteries. The mean ages in 
case and control groups were 68.71 years (SD = 
11.48) and 66.01 years (SD = 10.97), respec-
tively. There was no statistically significant dif-
ference between these groups (P = 0.204) (table 
1). 19 females and 23 males were in the case 
group and 48 females and 34 males in the con-
trol group, and there was no statistically sig-
nificant difference between these groups (P = 
0.185) (table 1). These two groups were ad-
justed for hypertension, diabetes mellitus, hy-
perlipidemia and smoking (table 1). The differ-
ence of Cp.IgA seropositivity between case and 
control subjects (table 2) was high but not sta-
tistically prominent (OR = 3.08, %95CI: 0.914 to 
10.383). There was no significant difference in  
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Cp.IgG seropositivity between case and control 
subjects (OR = 1.585, %95CI:  0.653 to 3.848) 
(table 2). Although the means of Cp.IgA and 
Cp.IgG titers in case subjects were higher than 
those in control subjects (table 3), the differ-
ences were not significant statistically (P = 
0.103 and 0.064, respectively). Statistical analy-
sis was done in men and women separately. In 
females Cp.IgA was positive in 4.2% of con-
trols and 31.6% of cases (table 2) and the dif-
ference was significant (P = 0.005). But Cp.IgG 
seropositivity didn't differ between females 
without plaque and those with plaque in pre-
viously mentioned arteries, and the difference 
was not significant (table 3). In females the 
means of Cp.IgA titer were 0.48 (SD = 0.22) in 

the case group and 0.83 (SD = 0.45) in the con-
trol group, and there was a significant differ-
ence between them (P = 0). The means of 
Cp.IgG titers in female case and control groups 
had no significant difference. (table 3) In males 
there was no significant difference between 
case and control subjects in seropositivity of 
Cp.IgA and Cp.IgG and the means of the titers 
of these antibodies (tables 2 and 3). The means 
of titers of Cp.IgA and Cp.IgG were compared 
in patients with plaque in three grades of 
stenosis severity and the differences among 
these three groups were insignificant for both 
antibodies (table 4). These 3 groups had been 
adjusted for age, sex, hypertension, diabetes 
mellitus, hyperlipidemia and smoking (table 5). 

 
Table 1. Comparing the mean age and prevalence of risk factors in cases with  

atherosclerotic plaque and control subjects without plaque. 
 

Total Smoking HLP DMHTN SD of age Mean age  

42 1291526

28% 21% 36% 62% 
11.48 68.71 Plaque 

82 22193852

27% 23% 46% 63% 
10.97 66.01 No plaque 

Table 2. Comparing the prevalence of Cp.IgG and Cp.IgA seropositivity in cases with  
atherosclerotic plaque and control subjects without plaque.  

 

Total female Male 
no plaque plaque no plaque plaque no plaque plaque  p.value 82 42p.value 48 19p.value 34 23

6.1% 16.7% 4.2% 31.6% 8.8% 4.3% CP.IgA 0.104 
57

0.005 
26

0.641 
31No. 

18.3% 26.2% 20.8% 26.3% 14.7% 26.1% CP.IgG 0.354 
15 11

0.747 
10 5

0.322 
56No. 

Table 3. Comparing the means of CP.IgG and CP.IgA titers in cases with  
atherosclerotic plaque and control subjects without plaque. 

 

p.value SDno plaque SDplaque  
0.103 0.33 0.5199 0.41 0.6338 CP.IgA 
0.064 0.52 0.6134 0.60 0.8100 CP.IgG total 

000٠00.22 0.4899 0.45 0.8339 CP.IgA 
0.092 0.56 0.6230 0.77 0.9191 CP.IgG female 

0. 386 0.44 0.5606 0..28 0.4691 CP.IgA 
0.321 0.46 0.6003 0.40 0.7200 CP.IgG male 
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Table 4. Comparing the means of Cp.IgG and Cp.IgA titers in patients with  
atherosclerotic plaque with 3 grades of stenosis severity. 

 

> 75% 50-75% < 50% p.value 
SD n=5 SD n=14 SD n=23 

 

0.818 0.37 0.5460 0.50 0.6807 0.37 0.6243 Cp.IgG 
0.994 0.54 0.8360 0.60 0.8001 0.63 0.8104 Cp.IgA 

Table 5. Comparing the mean age, sex, and prevalence of risk factors in patients with  
atherosclerotic plaque with 3 grades of stenosis severity. 

 

Sex Severity Mean 
age 

SD 

F m

HTN DM HLP Smoking Total 

10 13 15 8 5 7 < 50% 
n=23 

65.69 13.17 
43.5% 56.5% 65.2% 34.7% 21.7% 30.4% 

23 

7 7 8 5 3 450-75% 
n=14 

71.07 8.53 

50% 50% 57.1% 35.7% 21.4% 28.5% 

14 

2 3 3 2 1 1> 75% 
n=5 

76.00 4.89 

40% 60% 60% 40% 20% 20% 

5

P= 0.122 P= 0.899  42 

Discussion 
In the current study the prevalence of seroposi-
tivity of Cp.IgA was higher in patients with 
atherosclerotic plaque, and especially in fe-
males was statistically prominent; so this infec-
tion may be considered as a risk factor for 
atherosclerosis plaque formation in the carotid 
arteries, and one of its markers (Cp.IgA) may 
be a predictor of atherosclerosis in these ves-
sels in women. In one study that assessed only 
Cp.IgA, this marker was introduced as a pre-
dictor of atherosclerosis and cerebrovascular 
events 13. But the prevalence of CP.IgG sero-
positivity in case and control groups of our 
study was not significantly different and the 
means of Cp.IgG titers in the two groups were 
not significantly different. Also, in male and 
female groups there was no significant differ-
ence in case and control groups. Another study 
that assessed only CP.IgG indicated that it 
does not have a role in the prediction of 
atherosclerosis 14. It is noteworthy that one 
sixth of our cases were Cp.IgA seropositive in 
comparison with one sixteenth of the control 
subjects, but one fourth of cases and one fifth 

of control subjects were Cp.IgG seropositive 
with atherosclerotic plaque. This hallmarks the 
prediction value of Cp.IgA in comparison with 
Cp.IgG. The present results are consistent with 
data obtained in other studies that indicated 
chronic active infection has a role in athero-
sclerosis and Cp.IgA is a predictor of plaque 
formation 15-17. Here it is necessary to explain 
the difference between serology of acute, 
chronic and active infections. In acute infec-
tion, IgM rises and in chronic inactive infec-
tion, IgG rises, but in chronic active infection 
IgA and immune complexes containing spe-
cific IgG are high 18. So, according to our re-
sults, chronic active infection has a greater role 
in atherosclerosis than chronic inactive infec-
tion. Although the association of Cp.IgA and 
atherosclerotic plaques was detected, this find-
ing does not establish whether infection plays 
a causal role in disease or whether the organ-
ism simply existed with the lesion as an inno-
cent bystander. So it may be useful to follow 
up the cases with Cp.IgA seropositivity for 
atherosclerosis and ischemic cerebrovascular 
events. Such studies have been done by Trance 
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D. et al. in 2003 and Eagle et al. in 2005 and it 
was concluded that parallel to the rise of anti-
bodies, the risk of ischemic stroke due to 
atherosclerosis increases although there is not 
any prominent association 6,19. In similar stud-
ies that were done on cardiovascular events 
and in 6 years follow-up, there was an increase 
in cardiovascular events in seropositive pa-
tients for Chlamydia pneumoniae 20. But in an-
other study the frequency of myocardial infarc-
tion was lower in CP.IgA positive patients 21.
On the other hand, future studies should be 
done to assess the efficacy of antibiotics in pre-
venting atherosclerosis. Some studies have 
shown a significant difference in CP.IgG titer 
in patients with plaque compared to subjects 
without plaque 22,23, which does not agree with 
our results.  In another study by Anzini et al. in 
2004, the prevalence of seropositivity of both 
Cp.IgA and Cp.IgG were higher in patients 
with thrombotic ischemic stroke due to athero-
sclerosis 24. In some studies done by Gerdes 
V.E. et al. and Ngeh J. et al. in 2003, neither 
Cp.IgA nor Cp.IgG were associated with 
atherosclerosis or cerebrovascular events 21,25.

About the mechanism of Chlamydia pneu-
monia infection effect on atherosclerotic 
plaque formation there are multiple theories. 
This microorganism tends to proliferate in vas-
cular endothelial cells such as alveolar macro-
phages and its presence in the wall of athero-
sclerotic cerebral vessels (not in normal ves-
sels) was proved by RCR and immunohisto-
chemical methods. On the other hand, the in-
fection can deteriorate the plaque by T-cell ac-
tivation and inflammatory response and de-
stabilize the initial cap at plaque 2,26. In addi-
tion to direct involvement of the vessel wall 
the lipopolysaccharide components of the 
Chlamydial cell wall induce the tumor necrosis 
factor (TNF), Interleukin (IL2) and tissue factor 
(TF) 1,26-29, and these are due to change in me-
tabolism and function of endothelial cell, 
monocytes and macrophages because of infec-
tion 9,30. Another theory indicates that the anti-
genic mimicry between heavy chain of myosin 
filaments and outer membrane of Chlamydia 
pneumoniae induces immunological reaction 31 

and bacterial infection can initiate, progress 
and destabilize the plaque 32. There is the ques-
tion of why the differences of Cp.IgA seroposi-
tivity between case and control groups were 
significant in females but not in males. As we 
mentioned above, some theories argue that 
autoimmune responses mediated by infectious 
agents have major roles in atherosclerotic 
plaque formation. As we know, autoimmunity 
reactions and disorders are more prevalent in 
women 33 and this may explain the difference 
between men and women in atherogenesis due 
to infection. One other explanation for this dif-
ference may be under the concept of "meta-
bolic syndrome" (MetS). This is a new subject 
with definable criteria in men and women that 
is highly atherogenic condition 34,35. Also, it is 
established that metabolic syndrome is associ-
ated with high inflammatory status. However, 
MetS traits or MetS by itself have a stronger 
effect on atherosclerosis and ischemic events 
among women than men 34,36. The third reason 
for highlighting this difference is the informa-
tion about smoking that is not reliable in men. 
Smoking has very low prevalence among fe-
males in Iranian culture. So by limiting the 
study to females group and omitting this con-
founding factor the results are more reliable. 
Also, in this study we compared the means of 
Cp.IgG and Cp.IgA titers in patients with dif-
ferent grades of cervical carotid stenosis. There 
wasn't any significant difference in the means 
of titers of antibodies among 3 groups. So it 
may be concluded that Chlamydia pneumo-
niae infection has no role in progression of 
atherosclerosis according to our study, but it 
would be better to do this assessment with lar-
ger groups for a more accurate conclusion.      

Conclusion 
This study focused on the role of chronic active 
infection in atherosclerosis. Based on these re-
sults and the results of similar studies, we can 
predict atherosclerosis with screening of serum 
Cp.IgA, especially in women, and may use the 
antibiotics with other medications for primary 
and secondary prevention of atherosclerosis. 
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