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Abstract

Several recent reports including serological, pathological and animal studies have asso-
ciated Chlamydia pneumoniae with coronary artery disease (CAD). In order to establish whether
chronic C. pneumoniae infection is linked to coronary artery disease, clinical intervention trials
may be needed. However, to detect eligible patients with persistent infection, a reliable diagnostic
marker must be developed for identifying cases and assessing efficacy of antichlamydial therapy.
Moreover, the prevalence of circulating C. pneumoniae DNA in CAD patients varied widely from
previous reports. A real-time PCR has been established by using HL-1 and HR-1 primer to amplify
437 base pairs product. Confirmation of the product was performed on LightCycler by melting
curve analysis of detection probes labeled with LC-Red705. Ninety-five angiographically con-
firmed CAD patients and 104 normal, healthy volunteers were recruited. The mononuclear cell
layer was separated from collected blood and rapid, single step real-time PCR was used to detect
C. pneumoniae DNA. C. pneumoniae DNA in peripheral blood mononuclear cells (PBMC) was
found in 17 per cent of 95 CAD patients and 1 per cent of 104 normal healthy volunteers (odds
ratio 20.86, 95% confidence interval 2.71 - 160.67, p < 0.0001). There was no association between
C. pneumoniae DNA in PBMC and serological status. The rapid, real-time PCR showed a clear-
cut result between positive and negative cases. PBMC-based real-time PCR may be a useful tool
for identifying subjects carrying C. pneumoniae in the circulation or in the vascular wall as well.
It will be a specific indicator of current infection and will be used as a marker for assessing the
microbiological efficacy of antichlamydial therapy in clinical intervention trials.
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The serological association between Chla-
mydia pneumoniae (C. pneumoniae) and coronary
artery disease (CAD) was first reported in 1988 and
has subsequently been confirmed by numerous sero-
logical studies(1-3). It has become mandatory to
define a method for the identification of chronic C.
pneumoniae carriers. Traditionally, a microimmuno-
fluorescence (MIF) test has been considered to be a
diagnostic “gold standard”, but it cannot be used
for identifying subjects with an ongoing infection.
The direct techniques that determine the presence
of C. pneumoniae DNA are therefore, preferable
and rely mainly upon PCR techniques(6-9). Although
C. pneumoniae DNA has been repeatedly identified
in atheromatous plaques, this method has little use
as a large-scale clinical diagnosis of chronic C. pneu-
moniae infection because of the difficulty in obtain-
ing plaque tissue from every patient. Recently, the
detection of circulating C. pneumoniae DNA has
been reported, but the estimation of prevalence has
varied widely between 2.9 per cent to 46 per cent
for normal subjects and 8.8 per cent to 59 per cent
for heart disease patients(10-17)_ The differences in
prevalence of C. pneumoniae DNA the in peripheral
blood mononuclear cells (PBMC) may be due to
population or methodological differences. However,
the techniques for detection of C. pneumoniae DNA
in the circulation may be a potential marker of chro-
nic C. pneumoniae infection. We present here a
rapid single-step method for detection of C. pneu-
moniae DNA in PBMC of coronary artery disease
(CAD). This method used rapid-cycle PCR and sub-
sequent analysis with resonance energy transfer
probes on a thermal cycler with real-time fluores-
cence monitoring. After the completion of the ampli-
fication process, the fluorescence signal was used to
analyze the melting curves of fluorophore-labeled
hybridization probe.

MATERIAL AND METHOD
Samples

Between September 2000 and March 2001,
95 consecutive CAD patients (58 males; and 37
females mean age, 61.9 * 9.5 years; age range,
45-75 years) who underwent coronary angiography
were enrolled. One hundred and four normal healthy
volunteers (50 males; and 54 females mean age,
48.9 + 11.2 years; age range 42-72 years) were
enrolled as the control group. Informed consent
was obtained from all participants. The local ethics
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committee approved this study. Venous blood was
collected by percutaneous venepuncture in EDTA-
treated tubes and layered over Ficoll-Paque (Phar-
macia Biotech). Cells were centrifuged at 2000 rpm
for 15 minutes, and the PBMC band was aspirated,
washed twice and suspended in PBS prior to storage
at -70°C pending for PCR analysis.

C. pneumoniae DNA detection using fluorescence
resonance energy transfer

Fluorescence monitoring using hybridiza-
tion probes is based on the concept that a fluores-
cence signal is generated if fluorescence resonance
energy transfer (FRET) occurs between two adjacent
fluorophores. The first hybridization probe, which is
labeled with fluorescein as donor fluorophore on it
3’ end, can hybridize in close proximity to a second
hybridization probe that is labeled with the acceptor
fluorophore LightCyclerT™ Red 705 at its 5" end
and is blocked from extension at its 3’ terminus.
The fluorescein is excited by an LED light source
and transfers energy to the acceptor fluorophore. The
acceptor fluorophore then emits light of a longer
wavelength that can be measured with a photodiode.
This detection strategy allows monitoring of the
amplification process on a per-cycle basis because
the intensity of the FRET signal depends on the
amount of specific PCR product generated. Conti-
nuous monitoring of the fluorescence as the tempe-
rature is raised from annealing to denaturation pro-
duces a sharp decrease in fluorescence when the
detection probe dissociates from template.

Primers and fluorogenic probes

The primer 5-GTT GTT CAT GAA GGC
CTA CT-3" (HL-1) and the primer 5-TGC ATA
ACC TAC GGT GTG TT-3’ (HR-1) were used to
amplify a 437-bp fragment of C. pneumoniae DNA.
The amplification primers were synthesized by stan-
dard phosphoramidite chemistry (Biosyn, USA).
The detection probe was a 21-mer oligonucleotide,
labeled at the 3’ end with fluorescein. The sequence
5-GGC TGG ACG ACA CGG AAA TAA-(fluo-
rescein)- 3’ (HFL-1) is complementary to the lead-
ing strand of the C. pneumoniae amplicon. The
anchor probe 5’-(red 705)-TTG TTT CCA AAA
TCG TTC-(phosphate)-3* (HFL-2) was a 18-mer
labeled with LightCycle Red 705 at its 5" end and
modified at the 3" end by phosphorylation to block
extension. The anchor probe binds at a distance 5
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bases 3’ from the detection probe. Both fluorophore-
labeled probes were synthesized and purified by re-
versed-phase HPLC (GENSET, Singapore).

Fluorescence protocol

The analysis was carried out on a Light-
Cycler (Roche Diagnostics, Switzerland). PCR was
performed by rapid cycling in a reaction volume 20
pL with 0.5 pmol/L each primer, 0.2 pmol/L. anchor
and detection probes and 50 ng of extracted DNA
from PBMC of CAD patients, infected HEp2 cells
with C. prneumoniae as positive control or distilled
water as negative control. The LightCycler DNA
master hybridization probes buffer was provided as
a 10-fold solution containing nucleotides, Thermus
aquaticus (Taq) DNA polymerase, and 10 mmol/L
Mg2+. The final Mg2+ concentration in the reaction
mixture was adjusted to 4 mmol/L. The samples
were loaded into glass capillary cuvettes and centri-
fuged to place the sample at the capillary tip before
capping. After an initial denaturation step at 95°C
for 10 m, amplification was performed using 50
cycles of denaturation (95°C for 10 s), annealing
(53°C for 10 s) and extension (72°C for 15 s). Fluo-
rescence was measured at the end of the annealing
period of each cycle to monitor amplification. After
amplification was complete, a final melting curve
was recorded by cooling the reaction mixture to
40°C at 20°C/s and then slowly heated it to 85°C at
0.05°C/s. Fluorescence was measured continuously
during the slow temperature ramp to monitor the
dissociation of the fluorescein-labeled detection
probe. The fluorescence signal (F) was plotted in
real time against temperature (T) to produce melting
curves for each sample (F vs T). Melting curves were
then converted to derivative melting curves by plot-
ting the negative derivative of the fluorescence with
respect to temperature against temperature (-(dF/dT)
vs T). The total process took around 45 min with no
post PCR procedures.

Serology for C. pneumoniae

C. pneumoniae serology data were obtained
by ELISA, anti-C. pneumoniae 1gG and IgA were
measured by SeroCP IgG, IgA (Savyon Diagnostics,
Israel) respectively. Anti-C. pneumoniae 1gG or IgA
seropositivity was defined as a cutoff index of 1.1
or greater, where the index was obtained by dividing
the specimen optical density by twice the mean of
three negative controls in accordance with the
manufacturer’s product insert.
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Lipid profiles determinations

Serum total cholesterol and triglycerides
were determined by an automated Hitachi 717
(Roche Diagnostics, Switzerland). Serum high-den-
sity lipoprotein cholesterol and low-density lipopro-
tein cholesterol were measured by direct method on
Hitachi 717 according to manufacturer’s protocols.

Statistical analysis

Patients’ and controls’ demographic data,
baseline variables and lipid profiles were compared
by student r-test, x2 and Mann-Whitney U test as
appropriate (SPSS for Windows, SPSS Inc, USA).
Odd ratio and 95 per cent confident interval were
calculated by Epilnfo (CDC, USA). A p value of
< 0.05, two-tailed, was considered statistically signi-
ficant.

RESULTS

Fifty cycles of amplification were performed
with PBMC DNA from CAD patients, C. pneumo-
niae DNA from HEp2 cells (positive control) or
distilled water (negative control), using the FRET
detection system outlined in Fig. 1. When fluores-
cence was measured at the end of each annealing
phase, the fluorescence signal increased as product
accumulated and the signal appeared above the
background after 24 cycles as shown in Fig. 2. The
process of hybridization and melting of the detec-
tion probe to the target was monitored by melting
curve analysis. Melting of the positive control C.
prneumoniae DNA produced a rapid decrease in fluo-
rescence at 61 - 62°C contrary to negative control
produced flat curve (Fig. 3). The PBMC DNA from
CAD patients who carry C. pneumoniae DNA pro-
duced the same melting peak with positive control.
To evaluate the reliability of real-time fluorescence
PCR technique, the PCR products were run electro-
phoresis with 2 per cent agarose gel and stained with
ethidium bromide. The generated fragments on the
LightCycler for positive C. pneumoniae were 437
bp that was the same as the expected size (Fig. 4).

Table 1 shows the age, sex distribution,
major risk factors and lipid profiles of CAD patients
and normal healthy volunteers. These two groups
showed a significant difference in mean age, hyper-
tension, diabetes mellitus, hyperlipidemia and serum
HDL-C concentration. Sixteen of 95 PBMC DNA
(16.84%) from CAD patients were positive by fluo-
rescence real-time PCR. When the PBMC fractions
from 104 normal healthy volunteers were analyzed,
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5'-CTTCGGGAACGATTTTGGAAACAACACCTTTATTTCCGT GTCGT CCAGC CATTTTA-3

Relative orientation of the fluorophore-labeled anchor and detection probes.The detection probe spanning the cloned Pstl at position 313 -

Fig. 1.

346 upstream from the start of transcription is labeled at the 3’ end with fluorescein (FITC). The anchor probe, labeled with LightCycler

Red705 (LCRed 705) at the 5’ end, is phosphorylated at its 3’ end to block extension and bind at a distance five nucleotides 3’ from the detec-

tion probe.

1 (0.96%) was repeatedly PCR positive with an odds
ratio (OR) equal to 20.86 and 95 per cent confidence
interval (CI) between 2.71 and 160.67, p value <
0.0001 (Table 2). The prevalence of positive anti-C.
pneumoniae 1gG was significantly higher in CAD
patients than in healthy volunteers giving OR equal
to 3.60 and 95 per cent CI between 1.95 and 6.64,
p value < 0.0001. Regarding the prevalence of posi-
tive anti-C. pneumoniae IgA, the two groups were
not significantly different. The detection rates of C.
pneumoniae DNA in PBMC according to serologi-
cal status are shown in Table 3. Anti-C. pneumo-
niae 1gG results were positive for 6 of 17 subjects
(35%) with C. pneumoniae DNA- positive PBMC,
versus 65 of 180 subjects (36%) who were DNA
negative (OR = 1.02, 95%CI = 0.39 - 2.71, p value =
0.8). The positive rates of anti-C. pneumoniae 1gA
were the same as anti-C. pneumoniae 1gG.

DISCUSSION

Increasing evidence indicates that infec-
tions, either bacterial or viral, play an important role
in the origin of atherosclerosis through inflamma-
tion and endothelial damage. C. pneumoniae is now
widely accepted as being a common respiratory
pathogen of human. It has been strongly linked to
atherosclerotic heart disease by a wide range of
detection procedures. The monocyte is a likely cell
for dissemination of C. pneumoniae to non-respira-
tory sites especially coronary arteries. In this study
the authors presented a rapid, real-time PCR method,
which has no need for post-PCR procedures in
detection of C. pneumoniae DNA from PBMC. The
prevalence of C. pneumoniae DNA from 95 CAD
patients was 17 per cent, which is similar to the
results of four studies from United Kingdom, Canada
and Germany(14-17), The much higher prevalence of
PBMC C. pneumoniae DNA reported from Sweden
(59.4% of 101 CAD patients) and USA (36% of 28
CAD patients) might reflect population or methodo-
logy differences(10,13), The finding that positive
serology results were not associated with circula-
ting C. pneumoniae DNA was similar to all of the
previous studies(18-20). These studies may explain
why anti-C. pneumoniae 1gG or IgA did not pre-
dict cardiovascular events or chronic carrier cases
in several prospective studies.

The authors examined the reproducibility
of PCR results. The amplification product was 437
bp of C. pneumoniae DNA and confirmed by hybri-
dization with a specific oligonucleotide probe. This
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1353 bp---
1078 bp---
872 bp---
603 bp---

---437 bp
310 bp---

M 1 2 3

Fig. 4. Agarose gel electrophoresis analysis of PCR products from LightCycler. Gels were stained with
ethidium bromide and photographed under UV light at 305 nm. PCR assay products are as follows:
lane 1, primers; lane 2, distilled water; lane 3, positive case. M, molecular size standards.

Table 1. Demographic data, major risk factors and lipid profiles of 95 CAD patients
and 104 normal healthy volunteers.

CAD patients % Healthy volunteers % p value
(n=95) (n=104)

Age, years 61995 489+ 112 <0.0001
Male 70 70 65 65 NS
Hypertension 55 57 22 21 <0.0001
Diabetes mellitus 35 37 15 14 0.0002
Smoking 34 36 24 23 NS
Hyperlipidemia 65 68 53 51 0.0183
Family history of CAD 26 27 17 16 NS
TC, mmol/L 55+13 57+1.0 NS
TG, mmol/L 19+£1.2 1.8+1.0 NS
HDL-C, mmol/L 1.0£03 1.3£04 <0.0001
LDL-C, mmol/L 35413 35409 NS

TC = total cholesterol, TG = triglycerides, HDL-C = high density lipoprotein cholesterol,
LDL-C = low density lipoprotein cholesterol, NS = not significant

rapid, single step, real-time PCR method performed et al reported the correlation between PCR result
on peripheral blood may be a good marker for iden- and antigen detection by antibody staining methods,
tification of subjects carrying C. pneumoniae in  which support the hypothesis that, these PBMCs
mononuclear cells, although it does not prove the are truly infected and the PCR-positive status does
presence of viable Chlamydia. Recently, Bodetti TJ,  not simply represent remnant pieces of nucleic acid
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Table 2. Detection of C. pneumoniae DNA in PBMC and serological status in CAD patients
and healthy volunteers.
CAD % Healthy % OR (95%CI) p value
patients volunteers
(n=95) (n=104)
Cp DNA in PBMC 16 17 1 20.86 (2.71-160.67) <0.0001
Anti-Cp IgG 48 51 23 22 3.60 (1.95-6.64) <0.0001
Anti-Cp IgA 37 39 38 37 1.67 (0.60-1.91) NS
Cp = Chlamydia pneumoniae, NS = not significant.
Table 3. Association of C. pneumoniae DNA in PBMC and serological status.
No. of positive/total
DNA % DNA % OR (95%CI) p value
negative positive
Anti-Cp I1gG 65/182 36 6/17 35 1.02(0.39-2.71) NS
Anti-Cp IgA 69/182 38 6/17 35 1.09 (0.41-2.87) NS

Cp = Chlamydia pneumoniae, NS = not significant

resulting from the degradative activity of the mono-
cytes(12). In this regard, Smieja M, et al proposed
regarding the results of positive PCR, which in-
creases after coronary angiography, that C. pneu-
moniae in macrophages within the atherosclerotic
plaque would seed the bloodstream during and after
the angiography.due to the disruption of the endo-
thelium(17). They also showed no association be-
tween positive C. pneumoniae and subsequent revas-
cularization or other clinical events after 6 month’s
follow-up.

An association between circulating C. pneu-
moniae DNA and CAD does not necessarily imply
causation. However, a small secondary prevention
trial has reported that azithromycin reduces the inci-
dence of further adverse coronary events follow-
ing myocardial infarction(21). A second study also
reported significant benefits after thirty-day’s fol-
low-up but not after six months(22,23). The third
study also found no benefit from azithromycin treat-
ment on a larger scale trial(24). Further trials are
underway in many countries, with longer periods of
antibiotic treatment. One trial will prescribe anti-
biotics for periods of up to one year without evi-
dence of prior infection(25). To assess physicians’
knowledge, attitudes, and prescribing behaviors with
regard to the association between C. pneumoniae
and cardiovascular disease, Gimenez-Sanchez F,
et al surveyed 2,481 physicians in the USA and

nationwide network in 1999(26). They reported that
85 per cent of physicians knew of this association;
and 4 per cent of them had treated or recommended
treating cardiovascular diseases with antimicrobial
agents. Antimicrobials are only likely to benefit
those who are currently infected with C. pneumoniae
and appropriate prescribing should be given to sub-
jects in whom there is good evidence to confirm
current C. pneumoniae infection. Moreover, Gieffers
J, et al concluded that C. pneumoniae infection in
circulating human monocytes is refractory to azi-
thromycin treatment(27). This notion is supported
by recent data from ongoing treatment trials(28-30),

A direct detection method for C. pneu-
moniae that uses a peripheral blood sample, there-
fore, appears to be a promising new diagnostic tool.
Crucial steps that must be carefully optimized for
reliable results include separation of PBMC and the
choice of DNA extraction method. Furthermore,
the use of an optimized, sufficiently controlled PCR
method is of the utmost importance for the sensi-
tive detection of C. pneumoniae in these types of
specimens. It would also be useful to have access to
quantitative assays for determining the chlamydial
load in carrier cases, especially for monitoring the
effect therapy in treatment trials. Quantification of
C. pneumoniae DNA in circulating white blood cells
may be possible by use of a real-time PCR as pre-
sented in this study.
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In conclusion, the real-time PCR or other
amplification techniques that can detect C. prneumo-
niae in circulating white blood cells may be of great
value for identifying C. pneumoniae carriers and for
monitoring antichlamydial therapy. These real-time
or nested PCR techniques, which are easily done
with available blood specimens, may be used as a
valid surrogate marker for identification of persons

J Med Assoc Thai December 2001

with persistent C. pneumoniae infection, and streng-
then the diagnostic tools in intervention trials, espe-
cially if rapid, reliable and quantitative assays are
used.
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