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ABSTRACT
O b j e c t i v e . To search for molecular evi -
dence of Chlamydial infection in sys -
temic lupus erythematosus (SLE) sub -
jects and to assess if there is an associ -
ation of this infectious agent with coro -
nary artery calcification (CAC), a mar -
ker of total atherosclerotic burden. 
Methods. 28 SLE subjects had blood
samples drawn and DNA e x t r a c t e d
f rom peripheral blood mononuclear
cells (PBMC) and an electron beam
computed tomography (EBCT) scan.
Polymerase chain reaction (PCR) ana -
lysis was performed for Chlamydia tra-
c h o m a t i s 1 6 s r R N A and major outer
membrane protein (MOMP) and for C.
pneumoniae 16srRNA, MOMP, as well
as nested PCR for MOMP. 
Results. Four of 28 subjects (14.2%)
had evidence of C. pneumoniae nucleic
acid in PBMC. The 16srRNA primers
detected C. pneumoniae in one patient
(3.57%) and the nested PCR MOMP
primers in 3 subjects (10.71%). None
were positive for Chlamydia trachoma-
tis. Two of the 4 subjects with C. pneu-
m o n i a e D N A had abnormal EBCT
scans and 2 /11 (18.3%) subjects with
abnormal EBCT were positive for C.
pneumoniae. There were significant as -
sociations of C.pneumoniae DNA with
smoking (OR =3) and cort i c o s t e ro i d
use. The odds ratio for subjects with
abnormal CAC and detectable C. pneu-
moniae was 1.67.
C o n c l u s i o n . This pilot study demon -
strates for the first time that C. pneu-
moniae DNA can be identified in the
PBMC of some SLE subjects and there
may be an association with CAC. Smo -
king may be an additional risk factor
for infection in this population. Deter -
mination of pathogenicity of this org a n-
ism in atherosclerotic coronary vascu -
lar disease in SLE will require further
study.

Introduction
Systemic Lupus Erythematosus (SLE)
is a chronic inflammatory autoimmune
disease, the origins of which are likely
multifactorial. Infection has been stud-
ied extensively as a possible trigger and
as a major cause of morbidity and mor-
tality in SLE patients. SLE itself, or the
resultant immunosuppression from

therapy, may make patients susceptible
to infections. Although Chlamydial in-
fection has been associated with other
autoimmune diseases, little data exists
investigating it as an associated factor
in SLE. 
Not only has Chlamydia received atten-
tion as a trigger for autoimmunity, but
it also has been demonstrated to be as-
sociated with atherosclerosis. Chlamy -
dia pneumoniae (C. pneumoniae) has
been detected in atherosclerotic tissue
(1) and peripheral blood momonuclear
cells (PBMC) of patients with athero-
sclerotic cardiovascular disease (ASC-
VD) (2). Our pilot study presents evi-
dence of Chlamydial infection in the
PBMC of SLE patients who are partici-
pating in an ongoing study of the risk
of premature ASCVD.

Patients and methods
Patients
28 SLE subjects who fulfilled the Am-
erican College of Rheumatology crite-
ria for SLE were recruited from the rheu-
matology clinic at the University of
Pennsylvania (3). Questionnaires and
chart reviews were completed after in-
formed consent was obtained. Subjects
were scheduled for electron beam com-
puted tomography (EBCT) to measure
coronary artery calcification (CAC) and
had blood collected for blood chem-
istries and PCR analysis for C. pneu -
moniae and C. trachomatis. 

Laboratory studies
Blood samples were collected for high-
sensitivity C-reactive protein (hs-CRP),
sedimentation rates (ESR), and fasting
lipid levels. One 5 ml sample of EDTA
anti-coagulated blood was collected
and promptly processed for the detec-
tion of Chlamydia DNAby polymerase
chain reaction (PCR).
Blood mononuclear cell pre p a r a t i o n :
Blood collected in EDTA tubes was
centrifuged for 20 minutes; then plas-
ma was transferred to be stored at -72ºc
for serologies. Blood cells were mixed
with Roswell Park Memorial Institute
Solution at 1:1 ratio and separated us-
ing a Ficoll-Histopaque density gradi-
ent (Sigma, USA) by centrifuging at
1500 rpm for 20 minutes. The mononu-
clear cell layer was collected, washed
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twice with RPMI and transferred to a
sterile Eppendorf tube and stored at
–72ºC for DNAextraction.
D N A e x t r a c t i o n : Blood mononuclear
cells were mixed with hyaluronidase en-
zymatic digestion buffer, proteinase K
and incubated overnight at 50ºC, then
extracted with phenol-chloroform and
precipitated in cold ethanol. Distilled
water was added depending on the
amount of pellet.
PCR: Polymerase chain reaction (PCR)
was performed using 2 ml DNA with
primer sequences for Chlamydia tra -
c h o m a t i s (C . t r a c h o m a t i s) 16srRNA
and MOMP and C . p n e u m o n i a e 1 6
srRNA and MOMP, as well as nested
PCR for MOMP as published in detail
( 4 ,5). In addition, extensive positive and
negative controls were available from
our previous studies with C. pneumoni -
ae and C. trachomatis and studies on
other bacterial DNAs (6,7). Amplifica-
tion products were detected by perfor-
ming gel electrophoresis on 2% aga-
rose gel that contained ethidium bro-
mide. The PCR process was carried out
under conditions imposing strict conta-
mination precautions.
E B C T: Using a GE/Imatron C-150
E B C T scanner a CAC score based on the
calcific area, average density, and the
number of plaques (Agatson score) was
calculated for each patient (8). An A g a t-
son score of zero was considered a nor-
mal scan, and an abnormal scan was

one which had an Agatson score greater
than zero. Subjects were also given a
percentile score which represented their
score compared to age and sex-match-
ed scores (e.g. between the 50th and
75th%, between the 75th and 90th%,
and > 90th%) (9). 

Statistical analysis
All continuous data are expressed as
the mean±SD. P values for paired sam-
ples of the SLE with and without evi-
dence for C.pneumoniae were analyz-
ed using the Marginal Homogeneity
test for matched pairs. P values less
than 0.05 were considered significant.
Odds ratios were calculated for the
SLE subjects with and without evi-
dence of C. pneumoniae in relation to
smoking status and CAC.

Results
The 28 SLE subjects (25 women and 3
men) had a mean age of 42.9 ± 15.8
years. Based on EBCT results, 11/28
subjects (39.3%) had abnormal calcium
scores. 
Evidence of C. pneumoniae DNA was
detected in 4/28 subjects (14.3%). C.
t r a c h o m a t i s D N A was not found. In
one patient, DNA was detected by the
16-sr RNA primers and 3 were positive
using nested MOMP primers. Data
regarding these four subjects are shown
in Table I. 
A smoking history was defined as ei-

ther the past or present use of tobacco.
Hypertension was considered present
based on either a history of physician-
diagnosed hypertension, use of an anti-
hypertension medication (unless an an-
giotensin converting enzyme inhibitor
is being used for proteinuria alone), or
by a measured mean systolic blood pres-
sure ≥140, or mean diastolic blood pres-
sure ≥90 on more than one occasion.
High cholesterol was defined as a fast-
ing level >240 mg/dl. A family history
of heart disease was identified from
self-report of MI, sudden cardiac death,
or a revascularization procedure occur-
ring in a first-degree male relative be-
fore the age of 55 and/or in female rel-
atives before the age of 65.
Three of the 4 patients with C. pneumo -
niae DNAhad a history of smoking and
hypertension, 2 had diabetes, and only
1 of the 4 either had a history of myo-
cardial infarction or hypercholestero-
lemia. Of the 11 SLE subjects who had
an abnormal calcium score, 2/11 (18.3%)
had C. pneumoniae D N A p o s i t i v e
PBMC. These 2 subjects were older
than the 2 subjects who did not have
coronary calcification, and their Agat-
son scores were in the 75th-90th% for
historical age and gender-matched con-
trols. Hs-CRP was elevated in 2 of the
4 PCR-positive subjects, neither of
whom had an abnormal Agatson score.
Table II demonstrates the association of
the variables and abnormal CAC be-

Table I. Conventional risk factor, SLE activity, drugs and laboratory variables in 4 SLE subjects positive for Chlamydia DNAby PCR in
blood mononuclear cells.

Medications Conventional risk factor Laboratory

Pt. Sex and Age C. pneumoniae Cortico- DMARD Smoking DM HTN High cho- FHx HxMI hs CRP Abnormal 
no. race primer steroid* lesterol (normal range: calcium score

0 - 2.5)

1 Female 80 Nested - - + - - - - - 0.72 +
(75-90th%)

2 Female 37 Nested + + - - + + - - 5.46 -
MOMP

3 Male 66 Nested + + + + + - - - 2.18 +
MOMP (75-90th%)

4 Female 42 16srRNA - - + + + - - + 2.61 -

DMARD: Disease-modifying antirheumatic drug; DM: diabetes mellitus; HTN: hypertension; FHx: family history of heart disease; HxMI: history of
myocardial infarction.
*Corticosteroid: present or history. 
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tween subjects with and without evi-
dence of Chlamydial nucleic acid. T h e r e
did not appear to be any correlation with
age, cholesterol level, hsCRP, or use of
disease modifying anti-rheumatic drugs
(DMARDs) between the “DNA+/CAC
abnormal” and the “DNA+/CAC nor-
mal” subjects. 
Corticosteroid use (p=0.001) and smo-
king (p=0.014) were significantly asso-
ciated with the presence of C. pneumo -
niae. The odds ratio (OR) for smoking
in subjects with versus those without
evidence of Chlamydia was 3.0. All 4
subjects with evidence of Chlamydia
were smokers. The OR for abnormal
CAC was 1.67, thus suggesting a corre-
lation between CAC and PCR evidence
of C. pneumoniae. 

Discussion
Chlamydia pneumoniae has been pro-
posed as a contributor to ASCVD. Cir-
culating monocytes may serve as po-
tential vehicles of the vascular dissemi-
nation of C. pneumoniae to the athero-
sclerotic tissue, as has been evidenced
by PBMC PCR (10). An inflammatory
response can be initiated by this patho-
gen and it has been shown to have the
potential to induce monocyte adhesion
to endothelial cells, promote a pro-c o-
agable state, and stimulate inflammatory
cytokines, thus potentially enhancing
the atherosclerotic process (11-13). In-
vestigations have reported that the pre-
valence of C. pneumoniae is greater in
atherosclerotic tissue as compared to
normal coronary arteries (1). 
Hu et al. have demonstrated that a hy-
percholesterolemic state was necessary
to induce atherogenesis in the presence

of a Chlamydial infection. Interesting-
l y, the same pattern of hypercholes-
terolemia (high total cholesterol, high
triglycerides, and low HDL) which is
associated with chronic Chlamydial
infection (14) is the dyslipidemic pat-
tern seen in premenopausal SLE
patients (15). Larger studies will need
to be completed to examine if there is
an association of Chlamydial infection
and lipid profiles in SLE. 
Atherosclerosis is presently accepted
as an inflammatory disease and hs-
CRP, a marker of inflammation, is as-
sociated with an increased risk of cardi-
ac events (16). In our study, two of the
PCR-positive patients had elevated hs-
CRP; the implication of this is unclear
with the number of patients in this
small cohort. Interestingly, the two
subjects with elevated CRP levels had
normal EBCT scans. 
Two of the four subjects with positive
PCR had required immunosuppressive
therapy and corticosteroids. Immuno-
suppression may be a predisposing cause
for initial or persistent Chlamydial in-
fection and thus introduce another pos-
sible factor for accelerated atheroscle-
rosis. 
Our pilot results demonstrated C. pneu -
moniae in PBMC of SLE subjects. In
addition, we demonstrate for the first
time an association with subclinical evi-
dence of atherosclerosis via coronary
calcification. We found 14.28% (4/28)
of this study group positive for C. pneu -
m o n i a e. The nested MOMP p r i m e r s
detected 3 of the positive tests and the
16sr RNA detected the other positive
result. This supports the concept that fre-
quency or prevalence depends on the

numbers and types of primers in each
s t u d y. C. pneumoniae was found in
subjects both with normal and ab-
normal coronary calcium scores. The
exact implications of any correlations
must await clarification from larg e r
studies. Clearly, C. pneumoniae nucleic
acids can be found in SLE, but until
there is a better standardization of
methods, questions will continue to be
raised. We recently reported the find-
ings of a large study in which many dif-
ferences emerged in the interpretation
of the results on identical specimens
between laboratories (17). 
Chlamydia may have a role in the pro-
cess of accelerated atherogenesis in
SLE. There are many covariates which
may act synergistically, such as dyslipi-
demia, hyperhomocysteinemia, immuno-
suppression, inflammation, traditional
risk factors, and C. pneumoniae infec-
tion. Our data raise many questions.
When is the right time to search for this
organism? Is there any association be-
tween the onset of disease and this in-
fection? Does Chlamydial PCR posi-
tivity antedate or follow the onset of
SLE or atherosclerosis? Do patients on
immunosuppressive therapy have a
higher incidence of Chlamydial DNA
in either the PBMCs or atherosclerotic
tissue? Larger studies with sufficient
power need to be completed to support
this provocative data and begin to ad-
dress the question of whether infecti-
ous etiologies may represent yet ano-
ther factor predisposing SLE patients
to accelerated atherosclerosis.
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