JOURNAL OF CLINICAL MICROBIOLOGY, Nov. 2002, p. 4010-4014
0095-1137/02/$04.00+0 DOI: 10.1128/JCM.40.11.4010-4014.2002

Vol. 40, No. 11

Copyright © 2002, American Society for Microbiology. All Rights Reserved.

Molecular Detection and Seroepidemiology of the Chlamydia
pneumoniae Bacteriophage (®Cpnl)

Karuna P. Karunakaran,' James F. Blanchard,” Ausra Raudonikiene,® Caixia Shen,’
Andrew D. Murdin,® and Robert C. Brunham'*

University of British Columbia Centre for Disease Control, Vancouver," Department of Community Health
Sciences and Department of Medical Microbiology, University of Manitoba, Winnipeg,* and
Aventis Pasteur, Toronto,> Canada

Received 22 March 2002/Returned for modification 29 May 2002/Accepted 19 August 2002

Recent whole-genome analysis has demonstrated limited genetic variation in Chlamydia pneumoniae, with
one strain (AR39) containing a 4,524 nucleotide single-stranded DNA bacteriophage, ®Cpnl. Using PCR,
reverse transcription (RT)-PCR, and Western blotting, we confirmed the presence and functional expression
of ®Cpnl in C. pneumoniae strain AR39 and its absence in strain CWL029. Six additional epidemiologically
distinct clinical isolates of C. pneumoniae also did not contain ®Cpnl. We generated recombinant viral protein
1 (Vpl) from ®Cpnl in Escherichia coli and showed that Vp1 antigen is highly immunogenic in mice and that
murine antisera readily recognize native Vpl from C. pneumoniae strain AR39 elementary bodies (EB). We
developed an enzyme-linked immunosorbent assay (ELISA) to measure antibodies to recombinant Vpl in
human sera collected from 32 patients with abdominal aortic aneurysm (AAA) and 40 controls. Among the 72
subjects, 61 had C. pneumoniae EB antibodies shown by ELISA. Antibodies to Vp1 were found in 39 of the 61
(64%) seropositive individuals and were significantly correlated with AAA (adjusted odds ratio, 13.9; 95%
confidence interval, 1.1 to 175). Our studies indicate that phage-containing strains of C. prneumoniae are

uncommonly found by isolation but may commonly infect individuals with vascular disease.

There is growing evidence linking infection with Chlamydia
pneumoniae with vascular diseases, such as atherosclerosis and
abdominal aortic aneurysm (AAA) (3, 5). However, the data
remain inconclusive, and the clinical and public health impor-
tance of C. pneumoniae as a vasculopathic organism is unclear.
Skeptics have suggested that C. pneumoniae is simply an “in-
nocent bystander” that more readily infects diseased arteries
(8) or that its association with vascular disease is confounded
by its association with other atherosclerotic risk factors (13).
Since seroepidemiological studies indicate that most people
are infected by C. pneumoniae by the age at which the clinical
manifestations of atherosclerosis usually appear (11), it is likely
that if C. pneumoniae is a causal agent for vascular disease,
there is variability in the characteristics of the organism, the
host response to infection, or both. Variability in host charac-
teristics could explain why some people might be more prone
to develop vascular disease when infected with C. pneumoniae,
and it is well known that family history is a strong risk factor for
AAA. There may also be important variations in the vascu-
lotrophisms and pathogenicities of different C. pneumoniae
strains. In this regard, recent genomic studies have shown
genetic variation in C. pneumoniae (16, 24, 29). One of the
most prominent genetic differences among the three genomi-
cally characterized strains of C. pneumoniae was that one strain
(AR39) contained a 4,524-nucleotide single-stranded DNA
bacteriophage, ®Cpnl (24). Though three phylogenetically re-
lated phages were identified in Chlamydia psittaci (14, 20, 26),
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®Cpnl was the first phage to be identified in C. pneumoniae.
®Cpnl was predicted to contain up to eight open reading
frames (ORFs), with ORFs 1 to 3, by analogy to the avian C.
psittaci phage Chpl, encoding the viral structural proteins viral
protein 1 (Vpl), Vp2, and Vp3, respectively (24). In a recent
report of comparative analysis of chlamydia phages, the well-
conserved Vpl protein was predicted to contain a potential
receptor binding site (25).

Phage-bearing strains of other bacteria are often more
pathogenic than phage-free strains (6), and it may be that
phage-containing strains of C. pneumoniae are more strongly
correlated with vascular disease. However, the role played by
the phage ®Cpnl in the disease pathogenesis of C. pneu-
moniae is not obvious, since ®Cpnl does not carry any known
virulence genes, unlike other phages associated with patho-
genic bacteria. The development of methodologies to detect
this interesting phage is therefore necessary in order to carry
out detailed epidemiologic studies of the association of the
phage with C. pneumoniae-associated vascular diseases.

The purpose of the present study was to develop molecular
methods to differentiate C. pneumoniae strains containing the
phage ®Cpnl from other strains that lack the phage based on
the vpl gene encoding Vpl and to develop an enzyme-linked
immunosorbent assay (ELISA) to detect Vpl antibodies in
order to determine whether exposure to C. pneumoniae strains
containing the phage is associated with AAA.

MATERIALS AND METHODS

Strains of C. pneumoniae, growth, and purification. The C. pneumoniae strains
used in this study are described in Table 1. The human HL cell line was used for
growth and propagation of the C. pneumoniae strains. Elementary bodies (EBs)
were purified on discontinuous gradients of Renografin-76 (Squibb Canada,
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TABLE 1. C. pneumoniae strains evaluated for phage

C. pneumoniae PCpnl-specific

Strain CP0543 sequence sequences Source and/or reference
AR39 Yes Yes Laboratory strain (12)
CWLO029 Yes No Laboratory strain (17)
CM1 Yes No Laboratory strain (2)
Kajaani7 Yes No Kajaani, Finland

(P. Saikku)
Bay 13 Yes No Spartanburg, S.C.

(M. Hammerschlag)
Bay 16 Yes No Toledo, Ohio

(M. Hammerschlag)
Bay 19 Yes No Baltimore, Md.

(M. Hammerschlag)
Bay 20 Yes No Springfield, Mo.

(M. Hammerschlag)
Bay 21 Yes No Mesa, Az.

(M. Hammerschlag)

Montreal, Canada) as previously described (28). The purified EBs were resus-
pended in isotonic sucrose-phosphate-glutamate buffer and stored at —80°C.

PCR analysis. PCR was performed using a PTC-200 Peltier thermal cycler
(MJ Research). The reaction mixture contained 1.5 mM MgCl,, 200 pM de-
oxyribonucleoside triphosphates, 5 U of Tag DNA polymerase enzyme, and 25
pmol of oligonucleotide primers (for the vpI gene, forward [5'-CGCTCCTAG
TGGGGGATTTACTGA-3'] and reverse [5'-CACAGCTTGCTCACCTAAAT
GGCT-3']; for the 16S RNA gene, forward [5'-CGGTAATACGGAGGGTGC
TAGC-3'] and reverse [5'-GAATTAAACCACATGCTCCACTGC-3']; for the
C. pneumoniae CP0543 gene, forward [5'-CTGTAAGGTGAAAAGTTTTTA-
3'] and reverse [5'-CAGCTGTAAATGCAGCTTT-3']) in a total volume of 50
wl. The PCR cycling conditions were as follows: one cycle of 95°C for 3 min and
35 cycles of 94°C for 15 s, 55°C for 30 s, and 72°C for 2 min. This was followed
by strand elongation for 10 min at 72°C. The sizes of the amplicons were as
follows: vp1, 925 bp; 16S RNA, 430 bp; CP0543, 266 bp.

RT-PCR. Total RNA from HL cells infected with C. pneumoniae strains AR39
or CWL029 was isolated using Trizol (Life Technologies) and treated with
RNase-free DNase (Roche). These RNA samples were used as templates for
reverse transcription (RT) in a 20-pl reaction mixture containing 2 pg of random
hexamers (Roche), 1 pl of 10 mM deoxyribonucleoside triphosphates, 2 pl of 0.1
M dithiothreitol, 1 wl of RNasin (Promega), and 200 U of Superscript IT (Life
Technologies). RT was carried out at 42°C for 50 min. PCR was performed with
a PTC-200 Peltier Thermal Cycler. The reaction mixture contained 1.5 mM
MgCl,, 200 M deoxyribonucleoside triphosphates, 5 U of Tag DNA polymerase
enzyme, 25 pmol each of oligonucleotide primers specific for the vpI gene or the
16S RNA gene (see above), and 2 pl of RT product in a total volume of 50 wl.
The PCR cycling conditions were as follows: one cycle of 95°C for 3 min and 35
cycles of 94°C for 15 s, 55°C for 30 s, and 72°C for 2 min. This was followed by
strand elongation for 10 min at 72°C.

Molecular cloning, expression, and purification of recombinant Vpl. The vp/
DNA fragments were generated by PCR using genomic DNA isolated from C.
pneumoniae AR39 as the template. In order to subclone the PCR product as
Ncol and Xhol fragments into the pET30b(+) vector (Novagen), forward (5'-A
GTAGGGAAGCCATGGTTAGG-3') and reverse (5'-ACTGACTCGAGATT
AGAAATGATCAAT-3") PCR primers were designed to contain Ncol and Xhol
restriction sites, respectively. PCRs were carried out using Platinum Pfx DNA
polymerase (Gibco BRL). The reaction mixture contained 1 mM MgSO,, 300
1M deoxyribonucleoside triphosphates, 2.5 U of Platinum Pfx DNA polymerase
enzyme, and 25 pmol of each oligonucleotide primer in a total volume of 50 pl.
The PCR cycling conditions were as follows: one cycle of 95°C for 2 min and 35
cycles of 94°C for 15 s, 58°C for 30 s, and 68°C for 2 min. This was followed by
strand elongation for 10 min at 68°C. The PCR product was purified with the
QIAquick PCR purification kit (Qiagen), and the purified DNA fragment was
cloned into pET30b(+) after restriction enzyme digestion using standard mo-
lecular biology techniques. The sequence of the subcloned vpl gene was con-
firmed by sequencing with dye-labeled terminators using the ABI PRISM kit (PE
Biosystems). Plasmids carrying the vp! gene (pET-vpl) were transformed into
the Escherichia coli strain BL21(DE3), where Vp1 expression was carried out by
inducing the lac promoter for expression of T7 RNA polymerase using isopropyl-
B-p-thiogalactopyranoside. The expressed Vpl protein with an N-terminal His
tag was purified by QIAexpress protein purification system (Qiagen).
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Antibody production against recombinant Vpl. Antisera against Vpl were
raised in BALB/c mice (Charles River, Quebec, Canada) by intraperitoneal
injection of the recombinant proteins (100 wg of protein in incomplete Freund
adjuvant) followed by two booster injections (50 pg of protein in incomplete
Freund adjuvant) at 2-week intervals. Sera were collected and pooled 4 weeks
after the final boost.

Western blotting. Samples for Western analysis were prepared by boiling
purified EBs of C. pneumoniae strains AR39 and CWLO029 for 5 min in the
protein sample buffer. The samples were subjected to electrophoresis in sodium
dodecyl sulfate-10% polyacrylamide gel electrophoresis gels according to the
method of Laemmli (18). The gels were blotted onto nitrocellulose membranes
(Bio-Rad) at 70 V for 1 h in blotting buffer acccording to the method of
Sambrook et al. (27). The filters were blocked overnight with Tris-buffered saline
(TBS) containing 3% bovine serum albumin at 4°C prior to incubation with
polyclonal anti-Vp1 antibodies and peroxidase-conjugated sheep anti-mouse im-
munoglobulin G secondary antibodies. The blots were processed for color de-
tection using the substrate 5-bromo-4-chloro-3indolyl phosphate—nitroblue tet-
razolium.

Selection of patients and controls. The seroepidemiological analysis was based
on stored frozen serum specimens from a convenient subset of participants in a
previous retrospective hospital-based case control study of risk factors for AAA
(4). The case control study was performed among ambulatory patients attending
either of the ultrasound departments of the two tertiary-care hospitals in Win-
nipeg, Manitoba, Canada, between June 1992 and December 1995. In the orig-
inal study, there were 98 AAA patients and 102 non-AAA controls. To minimize
selection and misclassification biases, the controls were selected from among
persons who were undergoing ultrasound examinations for indications similar to
those of the patients. For this investigation, analysis was restricted to 32 patients
and 40 controls from the original study for whom adequate leftover frozen serum
specimens were available. This study was approved by the University of Mani-
toba Faculty of Medicine Research Ethics Board and by the Institutional Review
Board of the Johns Hopkins University School of Hygiene and Public Health.

The definition of an AAA was based on the assessments of the ultrasound
radiologists at the two ultrasound departments. Specific size criteria were not
used. Instead, the definition was based on the shape of the infrarenal aorta such
that any definite focal widening was classified as an AAA as suggested by Zwiebel
(30). Nevertheless, all of the AAA patients and no control had an infrarenal
aortic dilatation of =3.0 cm.

Data collection and risk factor definition. An in-person interview was con-
ducted with each study participant using a standardized questionnaire to collect
data related to sociodemographics, symptomatology, indications for ultrasound
examination, history of specific medical conditions, family history of AAA and
other conditions, and cigarette smoking. Two blood pressure measurements were
taken with the patient seated using a standard mercury sphygmomanometer.
Fasting serum total-cholesterol levels were measured with the Hitachi-Boehr-
inger-Mannheim 717 Autoanalyzer using established protocols.

The participants were classified as having hypertension if they had systolic
blood pressure of =140 mm Hg or diastolic blood pressure of =90 mm Hg or
they were currently taking antihypertensive medication prescribed by a physician.
Hypercholesterolemia was defined as the presence of a fasting serum total-
cholesterol level of >6.2 mmol/liter or current use of prescribed lipid-lowering
medication. Lifelong pack years of cigarette smoking exposure were assessed by
determining the average number of packs of cigarettes smoked per day for
specific age periods, beginning with the age at initiation. These data were then
cumulated to estimate the total pack years of exposure.

Serological assays for C. pneumoniae AR39 EB and bacteriophage ®Cpn1 Vpl.
Detection of anti-EB or anti-Vpl antibodies in human immune sera was done by
ELISA as described previously (9). Flat-bottom (96-well) polystyrene microtiter
plates were coated with 100 wl of either C. pneumoniae AR39 EB or recombinant
phage Vpl protein (0.1 pg/well) or with coating buffer alone. The plates were
incubated overnight at 4°C and then washed three times with TBS. Nonspecific
binding sites were blocked by adding 150 wl of 3% bovine serum albumin in
MTPBS (150 mM NaCl, 16 mM Na,HPO,, 4 mM NaH,PO,, pH 7.3)-Tween 20
detergent buffer to each well for 2 h at 37°C. After three washings with TBS, 100
pl of human sera diluted 1:500 was added in duplicate, and the plates were
incubated for 1 h at 37°C. After three more washings with TBS, 100 pl of
1:2,000-diluted peroxidase-conjugated goat anti-human secondary antibody was
added, and the plates were incubated for 1 h at 37°C. After five washings with
TBS, 100 pl of 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) substrate was
added and allowed to develop in the dark for 5 min. Readings of the optical
density at 405 nm (OD,5) were made on a microplate reader.

Statistical analyses. For all analyses, the presence of antibodies to C. pneu-
moniae strain AR39 EB and ®Cpnl Vpl in sera was arbitrarily dichotomized
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such that those with measured levels of =0.5 OD units were classified as sero-
positive. This cutoff was chosen because visual inspection of the distribution of
OD values to Vpl antigen showed that an OD value of less than or greater than
0.5 separated the study subjects into two distinct populations. Odds ratios (OR),
95% confidence intervals (CI), and chi-square analyses were used to assess the
relationship between these variables and AAA. Unconditional logistic regression
was used to compute adjusted OR and 95% CI for the association between AAA
and seropositivity to C. pneumoniae EB and Vpl. Other variables included in the
logistic regression model were age, gender, pack years of smoking, the presence
of hypertension, and the presence of hypercholesterolemia.

RESULTS

Differentiation of C. pneumoniae strains. We developed mo-
lecular methods to identify C. pneumoniae strains that contain
the phage ®Cpnl. Genome sequencing revealed the strain
AR39 as a phage-containing strain and CWL029 as a phage-
free strain (16, 24). The DNA sequence of the phage was
originally found during the genome sequencing of strain AR39
(24), and no functional studies have been performed so far on
this phage. We performed PCR, RT-PCR, and Western blot
analysis to determine the presence and expression of the
®Cpnl vpl gene in C. pneumoniae strain AR39 in comparison
to strain CWL029, which is known to lack the phage (16). As
expected, results from PCR (Fig. 1A), RT-PCR (Fig. 1B), and
Western blot (Fig. 1C) analyses confirm the presence and
expression of the phage vpl gene in C. pneumoniae strain
AR39 and its absence in strain CWL029.

Distribution of ®Cpnl among C. pneumoniae strains.
Among the three C. pneumoniae genomes sequenced so far,
only one (AR39) contained the phage ®Cpnl (16, 24, 29). It is
of interest to know the distribution of ®Cpnl among C. pneu-
moniae clinical isolates, and therefore we performed PCR
analysis to determine the presence of the ®Cpnl vpl gene in
six clinical isolates of C. pneumoniae in addition to the labo-
ratory strains AR39 and CWL029. Our results demonstrate
that none of the isolates other than AR39 contains phage
®Cpnl (Table 1 and Fig. 2).

ELISA design and specificity. In order to determine whether
the ®Cpnl Vpl protein can be used as an antigen to detect the
presence of the phage antibodies in sera collected from con-
trols and patients with AAA, we raised antibodies in mice
using recombinant Vpl protein generated in E. coli and
showed that Vpl antigen is highly immunogenic in mice and
that antibodies thus generated readily recognize the Vpl pro-
tein in C. pneumoniae EBs (Fig. 1C). Antiserum from a non-
immunized mouse did not give any bands for C. pneumoniae
EBs (data not shown).

We next used ELISA to measure human serum antibodies in
32 AAA patients and 40 controls. There were no significant
differences in age, gender distribution, smoking history, or
history of hypertension between the original study participants
(98 patients and 102 controls) previously reported (4) and the
subset analyzed for this study. Using a cutoff value of 0.5 OD
units for both C. pneumoniae EB and ®Cpnl Vpl antibody
levels, 61 (84.7%) of the 72 participants were seropositive for
C. pneumoniae EB and 42 (58.3%) were seropositive for
®Cpnl Vpl. Of the 61 who were seropositive for C. pneu-
moniae EB, 39 (63.9%) were also positive for ®Cpnl Vpl.
There were no consistent variations by age, gender, or smoking
history for either C. pneumoniae EB or ®Cpnl Vpl seropos-
itivity.
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FIG. 1. Differentiation of phage-containing (AR39) and phage-free
(CWLO029) strains of C. pneumoniae using PCR (A), RT-PCR (B), and
Western blotting (C). (A) PCR analysis of DNA isolated from HL cells
infected with C. pneumoniae strain AR39 (lanes 1 and 3) or CWL029
(lanes 2 and 4) using primers specific to chlamydial 16S RNA (lanes 1
and 2) or ®Cpnl vp! gene (lanes 3 and 4). Lane M, molecular size
markers. (B) RT-PCR analysis of total RNA isolated from HL cells
infected with C. pneumoniae strain AR39 (lanes 1, 3, and 5) or
CWL029 (lanes 2, 4, and 6) using primers specific to chlamydial 16S
RNA (lanes 1 to 4) or ®Cpnl vpl gene (lanes 5 and 6). Lane M,
molecular size markers. Lanes 3 and 4 are similar to lanes 1 and 2
except that the template was total RNA instead of reverse-transcribed
c¢DNA. (C) Western blot analysis of C. pneumoniae strains AR39 (lane
2) and CWL029 (lane 1). Boiled samples of purified AR39 and
CWLO029 EBs were subjected to electrophoresis in sodium dodecyl
sulfate-10% polyacrylamide gel electrophoresis gels, and the blotted
nitrocellulose membranes were incubated with polyclonal anti-Vpl
antibodies followed by incubation with alkaline phosphatase-conju-
gated secondary antibodies and color detection.

Correlation between C. pneumoniae EB and ®Cpnl Vpl
antibodies and AAA. Table 2 shows the relationship between
AAA and C. pneumoniae EB and bacteriophage Vpl seropos-
itivity. Seropositivity (i.e., levels of >0.5 OD units) was more
common among patients than controls for both C. pneumoniae
EB (90.6 versus 80.0%) and ®Cpnl Vpl (68.8 versus 50.0%).
There was a positive, but nonsignificant, association with AAA
for both C. pneumoniae EB (crude OR, 2.4 [95% CI, 0.6 to
10.0]) and ®Cpnl Vpl (crude OR, 2.2 [95% CI, 0.8 to 5.8])
seropositivity. Multivariate analysis to control for age, gender,
pack years of smoking, hypertension, and hypercholesterol-
emia showed a positive, but nonsignificant, association be-
tween AAA and C. pneumoniae EB seropositivity (adjusted
OR, 2.3 [95% CI, 0.5 to 11.5]). Strikingly, multivariate adjust-
ment resulted in a stronger and statistically significant associ-
ation between AAA and ®Cpnl Vpl seropositivity (adjusted



VoL. 40, 2002

A
M1 23456789

925 bp

B
M1 23456789

" s s e s s s s s s IERIVROY

C

MI123456789

266 bp

FIG. 2. C. pneumoniae strain typing. DNA isolated from three lab-
oratory strains (AR39 [lane 1], CWL029 [lane 2], and CM1 [lane 3])
and six clinical isolates (K7 [lane 4], Bay 13 [lane 5], Bay 16 [lane 6],
Bay 19 [lane 7], Bay 20 [lane 8], and Bay 21 [lane 9]) were PCR
analyzed using specific primers for the phage vpI gene (A), C. pneu-
moniae 16S RNA (B), or C. pneumoniae ORF CP0543 (C). ORF
CP0543 represents the truncated version of a ®Cpnl ORF found in
the C. pneumoniae genome (24) and used here as a control in addition
to the 16S RNA. Lanes M, molecular size markers.

OR, 4.2 [95% CI, 1.2 to 14.4]) (P = 0.02). Seropositivity to
both C. pneumoniae EB and ®Cpnl Vpl (versus seronegativity
to both) was strongly associated with AAA (adjusted OR, 13.9
[95% CI, 1.1 to 175]). Furthermore, a significant association
between AAA and ®Cpnl Vpl seropositivity persisted when
adjusted for seropositivity to C. pneumoniae EB (adjusted OR,
3.9 [95% CI, 1.1 to 13.9]) (P = 0.04).

DISCUSSION

®Cpnl is the first bacteriophage to be identified as associ-
ated with a chlamydial strain that causes disease in humans.
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This observation immediately raises the question of whether
the chlamydia phage contribute to C. pneumoniae virulence
and disease pathogenesis. As a step to answer this question, we
developed methodologies to detect the presence of the phage
®Cpnl in clinical isolates of C. pneumoniae and of phage-
related antibodies in sera from humans. We provide prelimi-
nary data supporting an association between AAA and infec-
tion with C. pneumoniae containing the phage ®Cpnl. We
acknowledge that the results of this investigation cannot yet be
used to draw firm conclusions with respect to a causal relation-
ship between C. pneumoniae containing ®Cpnl and AAA due
to a modest sample size and statistical imprecision. However,
the data are sufficiently intriguing to warrant further microbi-
ological and seroepidemiological study.

Our data indicate that a subset (64.5%) of persons who are
seropositive to C. pneumoniae have serological evidence of
infection with ®Cpnl. Our data also suggest that serological
evidence of exposure to strains of C. pneumoniae containing
phage correlate better with the presence of AAA than does
seropositivity to C. pneumoniae in general. This is demon-
strated by the finding of a persistent positive association be-
tween Vpl seropositivity and AAA among all subjects who
were seropositive to C. pneumoniae and a much stronger as-
sociation when seropositivity to both was compared to sero-
negativity to both.

It is striking that only one isolate of C. pneumoniae con-
tained the phage among the three C. pneumoniae strains whose
genomes were completely sequenced and the six clinical strains
analyzed by PCR in this study. Thus, phage infection of C.
pneumoniae isolates appears uncommon. Nonetheless, the
ELISA results indicate that among C. pneumoniae EB-sero-
positive individuals, nearly two-thirds have antibodies against
the phage. This difference between the infrequency of detec-
tion of C. pneumoniae containing phage in clinical isolates and
the frequency of chlamydia phage antibodies in humans may
be explainable in a number of ways. (i) C. pneumoniae strains
containing the phage (such as AR39) may be more capable of
causing a persistent infection. We are in the process of per-
forming experiments using animal models to see whether a C.
pneumoniae strain containing the phage (AR39) persists longer
in a mouse lung infection model than does a phage-free strain.
(ii) Since the phage is likely to be lytic based on its sequence
homology to other lytic phages (25), phage-bearing strains may
be relatively difficult to isolate and propagate in cell culture.
(iif) The number of C. pneumoniae isolates analyzed for the
phage may still be too small to reach a definite conclusion.

TABLE 2. Association between AAA and seropositivity to C. pneumoniae EBs and ®Cpnl Vpl

Seropositivity (%)

Antibody

Crude OR (95% CI) Adjusted OR® (95% CI)

AAA patients Controls

(n =32) (n = 40)
C. pneumoniae EB? 90.6 80.0 2.4 (0.6-10.0) 2.3 (0.5-11.5)
®Cpnl Vpl© 68.8 50.0 2.2 (0.83-5.8) 4.2 (1.2-14.4)
Both C. pneumoniae EB and ®Cpnl Vpl 62.5 47.5 7.4 (0.83-65.7)¢ 13.9 (1.1-175)¢

“ OR adjusted for age, sex, pack years of smoking, hypertension, and hypercholesterolemia using multiple logistic regression.

> Antibodies to C. pneumoniae AR39 EB.
¢ Antibodies to Vpl of ®Cpnl.

4 Compared to a reference category of seronegativity to both C. pneumoniae EB and bacteriophage Vpl.
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Analysis of a larger collection of C. pneumoniae isolates for the
phage is clearly needed, and analysis of strains directly isolated
from artherosclerotic lesions for the presence of the phage will
be particularly informative.

In summary, the molecular and serological methods devel-
oped in this study can be used to detect and analyze the ®Cpnl
phage in order to further understand its involvement in the
pathogenesis of C. pneumoniae disease. The findings from
ELISA analysis may have important implications regarding the
association between C. pneumoniae and vascular disease. The
data suggest that certain strains of C. pneumoniae, such as
those carrying ®Cpnl, may be more vasculopathic than phage-
free strains. There is some evidence in the literature to support
this, in that the phage-containing C. pneumoniae strain AR39
(15, 21, 22), but apparently not the phage-negative Kajaani7
strain (1, 7), can exacerbate the development of atherosclerosis
in LDLR ™/~ or ApoE~/~ mice. Other factors must also con-
tribute to disease outcome, since a proportion of New Zealand
White rabbits infected with C. pneumoniae strain AR39 (10),
CWL029 (23), or Kajaani7 (19) developed signs of atheroscle-
rosis and not all AAA patients in the present study showed
evidence of exposure to both C. pneumoniae and ®Cpnl. Nev-
ertheless, a role for ®Cpnl in the pathogenesis of C. pneu-
moniae disease may explain some of the inconsistencies in
previous research on the association between C. pneumoniae
seropositivity and vascular disease. More research to investi-
gate the association between specific strains of C. pneumoniae,
including those carrying ®Cpnl, and various vascular disease
outcomes is warranted.
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