Stroke 9

JOURNAL OF THE AMERICAN HEART ASSOCIATION American American

Heart | Stroke

Association | Associatione.

Impact of Infectious Burden on Progression of Carotid Atherosclerosis
Christine Espinola-Klein, Hans-Jirgen Rupprecht, Stefan Blankenberg, Christoph Bickel,
Helmuth Kopp, Anja Victor, Gerd Hafner, Wilfried Prellwitz, Wolfgang Schlumberger and
Jirgen Meyer

Stroke. 2002;33:2581-2586

doi: 10.1161/01.STR.0000034789.82859.A4
Srokeis published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2002 American Heart Association, Inc. All rights reserved.
Print ISSN: 0039-2499. Online ISSN: 1524-4628

The online version of this article, along with updated information and services, islocated on the
World Wide Web at:
http://stroke.ahajournal s.org/content/33/11/2581

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originaly published
in Stroke can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.
Once the online version of the published article for which permission is being requested is located, click
Request Permissions in the middle column of the Web page under Services. Further information about this
processis available in the Permissions and Rights Question and Answer document.

Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints

Subscriptions: Information about subscribing to Srokeis online at:
http://stroke.ahajournal s.org//subscriptions/

Downloaded from http://stroke.ahajournals.org/ by guest on November 10, 2013



http://stroke.ahajournals.org/content/33/11/2581
http://stroke.ahajournals.org/content/33/11/2581
http://www.ahajournals.org/site/rights/
http://www.ahajournals.org/site/rights/
http://www.lww.com/reprints
http://www.lww.com/reprints
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org//subscriptions/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/
http://stroke.ahajournals.org/

Impact of Infectious Burden on Progression of
Carotid Atherosclerosis

Christine Espinola-Klein, MD; Hans-Jurgen Rupprecht, MD; Stefan Blankenberg, MD;
Christoph Bickel, MD; Helmuth Kopp, MD; Anja Victor; Gerd Hafner, MD; Wilfried Prellwitz, MD;
Wolfgang Schlumberger, PhD; Jirgen Meyer, MD

Background and Purpose—Recent findings suggest a causative role of infections in the pathogenesis of atherosclerosis.
The extent of atherosclerosis and the prognosis of patients with atherosclerosis seem to be increased by the number of
infections to which an individual has been exposed. In a prospective study, we evaluated the effect of 8 pathogens and
the aggregate pathogen burden on the progression of carotid atherosclerosis.

Methods—In 504 patients (74.9% men; age, 62.9+10 years), we measured intima-media thickness and prevalence of
carotid artery stenosis. Follow-up measurements after a mean of 2.5 years were available in 427 patients (85%). Blood
samples were taken, and IgG or IgA antibodies to Chlamydia pneumoniae, Helicobacter pylori, Haemophilus
influenzae, Mycoplasma pneumoniae, cytomegal ovirus, Epstein-Barr virus, and herpes simplex virus types 1 and 2 were
measured. Statistical evaluation was performed with logistic regression procedures.

Results—Elevated IgA antibodies against C pneumoniae (P<<0.04) and 1gG antibodies against Epstein-Barr virus (P<<0.01)
and herpes simplex virus type 2 (P<<0.04) were associated with progression of atherosclerosis (increase of intima-media
thickness =0.1 mm/y or progression of carotid stenosis) after adjustment for age, sex, cardiovascular risk factors, highly
sensitive C-reactive protein, and statin intake. Infectious burden, divided into 0 to 3, 4 to 5, and 6 to 8 seropositivities,
was significantly associated with progression of atherosclerosis, with odds ratios of 1.8 (95% confidence interval, 1.1
to 2.9) for 4 to 5 and 3.8 (95% ClI, 1.6 to 8.8) for 6 to 8 compared with O to 3 seropositivities after adjustment.

Conclusions—Our results support the hypothesis that the number of infectious pathogens to which an individual has been
exposed independently contributes to the progression of carotid atherosclerosis. (Stroke. 2002;33:2581-2586.)
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I njury to the arterial vessel wall and the inflammatory
processes associated with this are considered to play an
important role in the pathogenesis of atherosclerosis.*—3 Evi-
dence is accumulating that certain infectious agents are
candidate triggers of these inflammatory responses.4-¢ An
association of viral infection with atherosclerosis was first
reported in the 1970s, when experimental infection of germ-
free chickens with an avian herpesvirus was found to produce
arterial disease.” Severa retrospective and cross-sectiona
studies have shown an association between previous infec-
tions with Chlamydia pneumoniae, herpes simplex virus
(HSV), cytomegalovirus (CMV), Helicobacter pylori, and
hepatitis A or respiratory tract infection and the presence of
atherosclerosis in the coronary, carotid, or peripheral vessels,
but others did not.8-10

If infections are causally related to atherosclerosis, it would
be unlikely that a single agent plays a uniquerole. It seemsto
be more likely that the risk of developing atherosclerosis is
related to the number of pathogens to which an individual has

been exposed. This concept of pathogen burden was recently
introduced by Epstein et a.1* The same group demonstrated
that the number of infectious pathogens to which an individ-
ual has been exposed is related to the presence of coronary
artery disease and the risk for future cardiac events,1-13

In alarge prospective data set (the AtheroGene Study), we
evaluated the impact of various available and forthcoming
biochemical markers on the prognosis of patients with doc-
umented atherosclerosis. We previously demonstrated asso-
ciations of early and advanced carotid atherosclerosis with
C pneumoniae, CMV, and HSV type 2 (HSV-2) infection, but
associations with each of these pathogens were of borderline
significance only, which seems to confirm the concept that
multiple pathogens may contribute to atherosclerosis.*4 Fur-
thermore, we were able to show that the number of infectious
pathogens was related to the extent of atherosclerosis in
different vascular regions and to future cardiovascular
death.2516 |f infectious burden contributes to the devel opment
of atherosclerosis, we would also expect a direct association
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to the progression of atherosclerotic lesions. Therefore, we
performed prospective follow-up measurements of carotid
arteries in our study population to address the following 2
questions: Is there a correlation between various infections
pathogens and the progression of carotid atherosclerosis, and
does previous infection with multiple pathogens have any
influence on the progression of carotid atherosclerosis?

Subjects and Methods

Study Population
The AtheroGene Study is a prospective survey of the epidemiology
and pathogenesis of atherosclerosis.24-16 Between November 1996
and July 1998, atotal of 1168 consecutive patients had been admitted
to the Second Medical Department of the University Clinic Mainz
(Mainz, Germany) for diagnostic heart catheterization. A subgroup
of 504 patients were randomly chosen every day, and duplex
examinations of the carotid artery were performed. All patients had
been admitted to the hospital for suspected coronary artery disease;
283 patients (56%) had a stable and 90 patients (18%) had an
unstable coronary syndrome; 62 patients (12%) suffered from acute
myocardial infarction; and 96 patients (14%) had come to the
hospital for other diseases (eg, hypertensive heart disease). Patients
who were admitted to the hospital for a new stroke or known
cerebrovascular diseases were excluded from the evaluation. Cardio-
vascular risk factors such as family history of cardiovascular disease,
smoking, diabetes mellitus, hypertension, and hyperlipidemia were
defined according to a previous publication.14

A total of 502 of 504 patients (99.6%) could be followed up for a
mean of 2.5 years (minimum, 20 months; maximum, 43 months).
Forty patients (8.0%) died during follow-up. Another 35 patients
(7.0%) could be reached by telephone only because they moved to
other parts of Germany and Europe. Follow-up measurements were
available in 427 patients (85.0%) that were used for the end-point
analysis. In general, study participants were of German nationality
and, in particular, were residents of the Rhein-Main area. The study
was approved by the ethics committee of the University of Mainz.
Participation was voluntary, and each study subject gave written,
informed consent.

Laboratory Methods

Blood samples were drawn from each subject after an overnight
fasting period. Serum was centrifuged at 4000g for 10 minutes,
immediately divided into aliquots, and frozen at —80°C until
analysis. Each study subject’ s serum was tested for specific 1gG class
antibodies against CMV, Epstein-Barr virus (EBV), HSV type 1
(HSV-1), HSV-2, C pneumoniae, Mycoplasma pneumoniae, Hae-
mophilusinfluenzae, and H pylori, aswell asfor IgA class antibodies
against C pneumoniae, M pneumoniae, H pylori, and EBV using
quantitative in vitro, enzyme-linked immunosorbent assay (ELISA)
or indirect immunofluorescence (C pneumoniae and H influenzae)
(EUROIMMUN). In the IgG ELISA, a value of >20 relative units
per liter and in the IgA ELISA aratio of >1 mL were considered
positive according to the manufacturer’s instructions. For indirect
immunofluorescence, the starting dilution was 1:100, and specific
fluorescence patterns at or above these dilutions were considered
positive. C-reactive protein (CRP) was determined by a highly
sensitive, latex particle—enhanced immunoassay (detection range, O
to 20 mg/dL; Roche Diagnostics).

Ultrasound Imaging
B-mode ultrasonographic images of the carotid artery were obtained
with a7.5-MHz transducer (Ultramark 9, ATL). Ultrasound evaluations
were performed at the time of inclusion and at follow-up by the same
experienced sonographer who was unaware of subject’s clinica or
|aboratory characteristics and the results of first measurements.
Common carotid artery intima-media thickness (IMT) was mea-
sured in accordance with previous reports 1 cm before the carotid
bifurcation at the far wall of the carotid artery.14.17.18 The distance

between the echoes arising from the blood-intima interface and the
media-adventitia interface was taken as the measure of IMT. If a
plague was locdized at the side of IMT measurement, plague
thicknesswas included in the IMT value in accordance with previous
reports.’® When an optimal image was obtained, it was frozen and
the actual IMT was measured; then the image was erased. This
procedure was repeated 8 times for longitudinal and cross-sectional
images for each left and right carotid artery. The multiple longitu-
dinal and cross-sectional measurements of both common carotid
arteries were summarized, and the mean carotid IMT was cal cul ated
for each individua. The difference between the mean IMT at the
inclusion and that at the follow-up measurement was evaluated, and
the annual decrease or increase in IMT (millimeters per year) was
calculated for each patient.

The reader estimated the percent diameter stenosis for each
internal and external carotid artery using both color duplex imaging
and Doppler peak systolic flow velocities. In accordance with
previous reports, a peak systolic velocity of >1.4 m/s and aratio of
peak velocity of the common carotid artery to peak velocity of the
internal carotid artery of =2 were assumed to indicate =60%
diameter lumen stenosis.** 20 The development of a new =60%
stenosis or an increase in a previous stenosis (increase in peak
velocity ratio of at least 0.5) was defined as progression of stenosis
(new stenosis, Nn=32; increase in previous stenosis, n=26; tota
progression of stenosis, n=58; 13.5%). Follow-up IMT and progres-
sion of stenosis were assessed in al 427 patients with completed
follow-up. Patients were divided into quartiles with regard to
changes in carotid atherosclerosis: first quartile (=104, 24.3%),
regression of IMT or no change; second quartile (n=104, 24.3%),
progression of IMT >0to 0.04 mm/y; third quartile (n=103, 24.1%),
progression of IMT =0.04 to 0.10 mm/y; and fourth quartile
(n=116, 27.1%), progression of IMT =0.10 mm/y or progress of
stenosis. Patients with progression of IMT of at least 0.1 mm/y or
progression of a stenosis were defined as suffering from progression
of atherosclerosis (fourth quartile).

Statistical Analysis

Serological assays were performed by individuals blinded to clinical
details and the results of ultrasound examinations. For IMT mea
surements, the intraclass correlation coefficient for interobserver
variability (n=40; 2 investigators) was 0.994 (95% CI, 0.991 to
0.998) and for intrachserver variability (n=40) was 0.995 (95% ClI,
0.991 to 0.998). Differences between the 2 groups were tested by the
X2 test for categorical variables and by the Kruskal-Wallis test for
continuous variables. Logistic regression analysis was performed,
including the number of seropositivitiesin the categories of 0to 3, 4
to 5, and 6 to 8 or titers of each pathogen as continuous variables for
the end-point progression of atherosclerosis. Cls at the 95% level
were calculated for the odds ratios (ORs). ORs were described for
the increase of 1 SD for pathogens evaluated by ELISA and for
seropositivity for pathogens evaluated by indirect immunofluores-
cence assay. Logistic regression analysis was performed after adjust-
ment for age, sex, risk factors (smoking, hyperlipidemia, arteria
hypertension, diabetes mellitus, and family history of cardiovascular
diseases), use of statin medication, and CRP (continuous) in a
multivariate model. A vaue of P=0.05 was considered locally
significant. Computations were carried out with SPSS version 11.0.

Results

Baseline Characteristic

Teble 1 demondrates petient characteristics, comparing patients
with and without progresson of atheroscleross. The mean age of
the entire study population was 639 years, and 75% of the patients
were male. Patients with progression of carotid atherosclerosiswere
smilar in age, s=x, ahd most cardiovascular risk factors compared
with those without progression. CRP tended to be higher in the
group of petients with progresson of aheroscleross, but the
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TABLE 1.
of Atherosclerosis

Infectious Burden and Progress of Atherosclerosis

2583

Demographic Features of the Study Population According to the Progression

Carotid Atherosclerosis After Follow-Up

All Patients No Progression Progression
(n=427) (n=311) (n=116) P
Age (mean=SD), y 62.6+9 61.7+9 63.7+8 0.09
Male, n (%) 320 (74.9) 226 (72.7) 94 (81.0) 0.08

CRP (median, quartiles 1-3), mg/dL
Smoking, n (%)

Never 151 (35.4)
Current 73(17.1)
Former 203 (47.5)
Hypertension, n (%) 284 (66.5)
Diabetes, n (%) 86 (20.1)
Hyperlipidemia, n (%) 269 (63.0)
Family history, n (%) 181 (42.1)
Statin medication, n (%) 107 (25.1)

0.37 (0.18-1.02)

0.37 (0.17-0.87) 0.44 (0.20-1.28)  0.14

124 (40.1) 27 (22.7) 0.02
50 (16.1) 23(20.3)

137 (43.9) 66 (57.0)

205 (65.9) 79 (68.1) 0.38
62 (19.9) 24(20.7) 0.48

196 (63.0) 73 (62.9) 0.54

133 (42.8) 48 (41.4) 0.44
72 (23.1) 35(30.2) 0.14

difference was not significant. No rdevant differencein stetin intake
was noted between the 2 patient groups.

Pathogens and Progression of Atherosclerosis
Table 2 demongtrates the correlation between baseline pathogen
1gG and IgA antibodies and the progression of atherosclerosisin
the study population. ORs for al except M pneumoniae 1gG
point in the same direction. After adjustment for age, sex,
cardiovascular risk factors, CRP, and use of statin medication,
IgA seropositivity to C pneumoniae (P=0.04) and to EBV
(P=0.01) and elevated 1gG antibodiesto HSV-2 (P=0.04) were
independent predictors of atherosclerosis progression. We aso
found an association between elevated IgA antibodies to M
pneumoniae and progression of carotid atherosclerosis in the
univariate analysis, but this association did not persist after
adjustment.

Infectious Burden and Progression of IMT

For analysis of the association between atherosclerosis and the
aggregate number of anti-pathogen antibodies, we used 1gG
seropositivities to HSV-1 and -2, CMV, and H influenzae, as
well as IgA seropositivities to H pylori, M pneumoniae, C
pneumoniae, and EBV. Because of the limited number of
subjects with very low or very high pathogen burden, we
sratified patients into groups with 0 to 3 (n=211), 4 to 5
(n=188), and 6 to 8 (n=28) seropositivities. Table 3 demon-
strates the association between infectious burden and early
carotid atherosclerosis. At the time of inclusion, carotid IMT
was significantly higher in patients with a high pathogen burden
than in those with alow pathogen burden (P=0.046). After the
2.5-year follow-up period, this difference between the 3 infec-
tious burden groups had increased. Progression of IMT was
0.03 mm/y in patients seropositive to 0 to 3 pathogens compared

TABLE 2. Logistic Regression Analysis for the End-Point Progression of Atherosclerosis for
Each Pathogen Unadjusted and Adjusted for Age, Sex, Cardiovascular Risk Factors, Statin

Intake, and Highly Sensitive CRP

Positive Serology (%) Unadjusted Adjusted
Progression of
No Progression  Atherosclerosis OR OR

Pathogen (n=311) (n=116) (95% Cl) P (95% ClI) P

C pneumoniae 19G 83.2 87.9 1.47(0.78-2.77) 023 1.50(0.78-2.87) 0.23
C pneumoniae 1gA 43.7 55.2 1.56 (1.01-2.39) 0.04 1.59(1.02-2.48) 0.04
H pylori 1gG 76.4 81.6 1.13(0.92-1.38) 021 1.14(0.91-1.37) 0.24
H pylori 1gA 23.8 24.8 1.15(0.89-1.37) 035 1.13(0.91-1.42) 0.24
M pneumoniae 19G 65.4 67.8 1.08(0.99-1.37) 051  0.91(0.73-1.15)  0.45
M pneumoniae |gA 11.6 17.4 1.23(1.01-1.85)  0.04 1.16(0.91-1.70) 0.17
H influenzae 19G 68.7 75.0 1.37(0.84-2.22) 021 1.28(0.78-2.11) 0.33
EBV IgG 97.7 99.1 1.22(0.99-1.56) 0.06 1.17(0.95-1.52) 0.14
EBV IgA 12.6 18.9 1.34(1.12-2.37)  0.01  1.40(1.08-2.68)  0.01
CMV 1gG 68.2 65.5 1.09(0.96-1.14) 0.44 1.01(0.91-1.15) 0.46
HSV-1 IgG 88.1 95.7 1.10(0.98-1.50) 0.41  1.01(0.97-1.46) 0.57
HSV-2 lgG 11.9 17.2 1.24(1.02-1.52)  0.03 1.23(1.01-1.51) 0.04
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TABLE 3. Carotid IMT and Pathogen Burden

Seropositivities

0-3 Pathogens (n=211)

4-5 Pathogens (n=188)  6-8 Pathogens (n=28)

Mean 95% Cl Mean 95% Cl Mean 95% Cl
IMT at inclusion, mm 0.70 0.50-1.00 0.72 0.50-1.11 0.78 0.51-1.22
IMT at follow-up, mm 0.77 0.51-1.18 0.83 0.51-1.35 0.91 0.67-1.45
Change in IMT, mm 0.07 —0.18-0.34 0.11 —0.12-0.45 0.17 —0.02-0.42
Annual change in IMT, mm/y ~ 0.03 —0.08-0.14 0.04 —0.05-0.19 0.07 —0.01-0.19
Change in IMT, % 11.8 —22.2-46.2 15.6 —18.8-75.9 24.8 —6.9-66.9
Annual change in IMT, %/y 4.9 —8.8-21.1 6.4 —8.3-29.4 9.9 —3.3-251

with 0.04 mm/y in patients seropositive to 4 to 5 pathogens and
0.07 mm/y in those seropositive to 6 to 8 pathogens (P=0.004).
Petients with a low pathogen burden (0O to 3 seropositivities)
showed a 12% increase in carotid IMT compared with 25% in
those with a high pathogen burden (6 to 8 seropositivities). Table
4 shows the results of logistic regresson andysis. For the
end-point progression of IMT of =0.1 mm/y, the OR was 2.9
(95% Cl, 1.1 to 7.3) for patients with a high pathogen burden (6
to 8 seropositivities) compared with patients with a low patho-
gen burden (0 to 3 seropositivities), adjusted for age, sex, cardiac
risk factors, CRP, and use of statin medication.

Infectious Burden and Progression of Stenosis
Fifty-eight patients (14%) showed progression of stenosis. Ten
percent of the patients seropositive to 0 to 3 pathogens demon-
strated progression of stenosis compared with 17% of the
patients seropositive to 4 to 5 pathogens and 25% of the patients
seropositive to 6 to 8 pathogens (P=0.006; Figure 1). As
demongtrated in Table 4, the risk of stenosis progression in-
creased with increasing numbers of seropositivities. In the
adjusted model, patients seropositive to 6 to 8 pathogens
reveded a 3.0 (95% Cl, 1.1 to 8.3) increased risk for stenosis
progression compared with patients seropositive to 0 to 3
pathogens (P=0.03).

Infectious Burden and Progression

of Atherosclerosis

In totd, 116 patients (27%) showed progression of carotid athero-
sclerosis. Twenty percent of the patients with the lowest pathogen
burden demondrated progresson of carotid atherosclerosis com-
pared with 31% of those seropositive to 4 to 5 pathogens and 50%
of those with the highest pathogen burden (P=0.0001; Figure 1).
We found an association between increasing numbers of infectious
pathogens to which an individud has been exposed and the
progresson of atheroscleros's, with ORs of 1.8 (95% Cl, 1.1t0 2.9)
for patients seropositive for 4 to 5 pathogens (P=0.01) and 3.8
(95% Cl, 1.6 to 8.8) for patients seropositive for 6 to 8 pathogens
(P=0.002) compared with patients seropositive for 0 to 3 pathogens
after adjustment (Table 4).

Association Between CRP Level, Infectious

Burden, and Progression of Atherosclerosis

To evaluate a possible interaction between pathogen burden,
CRP, and progression of carotid atherosclerosis, we repeated the
analyses with respect to elevated (>0.5 mg/dL; n=183; 43%) or
normd (=05 mg/dL; n=244; 57%) CRP levels. Figure 2
demondtrates the association of total pathogen burden with
progression of atheroscleross, which was independently signif-

TABLE 4. Logistic Regression Analysis for the Different End Points According to
Infectious Burden Unadjusted and Adjusted for Age, Sex, Cardiac Risk Factors,

Statin Intake, and Highly Sensitive CRP

Unadjusted Adjusted

Seropositivities OR (95% CI) P OR (95% ClI) P
Progression of IMT (=0.1 mm/y)

0-3* 1.00 1.00

4-5 1.19 (0.68-2.07) 0.53 1.20 (0.68-2.11) 0.53

6-8 2.97 (1.23-7.20) 0.015 2.89 (1.14-7.28) 0.02
Progression of stenosis

0-3* 1.00 1.00

4-5 1.88 (1.03-3.44) 0.04 1.93 (1.04-3.56) 0.04

6-8 3.18 (1.20-8.41) 0.02 3.01(1.12-8.34) 0.03
Progression of atherosclerosis

0-3* 1.00 1.00

4-5 1.79 (1.13-2.81) 0.01 1.81 (1.13-2.89) 0.01

6-8 3.91(1.73-8.81) 0.001 3.77 (1.62-8.77) 0.002

*Patients in this group were used as the reference group.
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Infectious Burden and Progress of Atherosclerosis

2585

Infectious burden and
progression of atherosclerosis

Figure 1. Percentage of patients with pro-
gression of stenosis (A) and progression of
atherosclerosis (B) according to infectious
burden stratified into low (0 to 2), middle (3
to 4), and high (5 to 8) pathogen load. Patho-
gen burden was based on IgG seropositivi-
ties to HSV-1, HSV-2, CMV, and H influenzae
and IgA seropositivities to C pneumoniae, M
pneumoniae, H pylori, and EBV.

A Infectious burden and B
progression of stenosis
_ 40 _ B0
£ g
s P=0.006 < P=0.0001
E 30 4 25.0 E 60
g
g 20 4 16.5 g6 40 A
£ £
= s 20.4
5 95 @ -
§ 10 5 20 E
. 3 =
o . T T 0
0-3 4-5 68 03

Seropositivities

icant in both subgroups, regardless of CRP level. We found
stronger associations among patients with lower CRP values,
athough a significant trend was present in both CRP dtrata
levels. These results provide further evidence suggesting that
pathogen burden significantly predicts the end-point progression
of atherosclerosis.

Discussion
There is consistent evidence that inflanmation plays a crucia
role in the pathogenesis of atherosclerosis.:3 It is hypothesized
that infectious agents exert their effects by inducing a local or
systemic inflammatory response and/or by infection-induced
autoimmune response involving molecular mimicry.

In the present study, we selected a panel of 8 pathogens
because they shared 2 main characterigtics. they were obligate
intracellular pathogens (except H influenzae and M pneu-
moniae), and all established persistent antibodies targeted to the
pathogen. Furthermore, 6 pathogens produce a lifelong latent
(Herpesviridae) or persistent infection, whereas H influenzae and
M pneumoniae are not known to provoke a persistent infection,
athough they establish lifelong persistence of antibodies. The
results of this study confirm and extend previous findings. Of 8
infectious pathogens, 3 were identified as being independently
predictive of the progression of carotid atherosclerosis. After a
2.5-year follow-up, the progression of atherosclerosis was asso-
ciated with elevated antibodies against C pneumoniae, HSV-2,
and EBV. Sander et a2 also showed an enhanced progression of
early carotid atherosclerosis in patients with previous C pneu-
moniae infection, but other investigators could not find any
correlation between C pneumoniae and atherosclerosis. 23 Results
for other pathogens such as Herpesviridae or H pylori are
contradictory, also.8-10

According to the hypothesis of Epstein et dt and Zhu et
al,1213 it seems unlikely that 1 specific pathogen causes athero-
sclerosis. It has been hypothesized that infectious pathogens

>
1]

45

Seropositivities

have direct effects at the vessel wall by inducing macrophage
foam cell formation and indirect effects by inducing an immune
response, called infection-induced molecular mimicry.122-24 [t is
possible that such an effect is multiplied if multiple pathogens
are involved in the atherosclerotic process. Epstein et d*t and
Zhu et a2 reported a positive association between infectious
burden and the prevalence of coronary artery disease and
cardiovascular events. Results from Rupprecht et a> support
this hypothesis, showing increased cardiovascular mortality in
patients with documented coronary artery disease and high
infectious burden. We aso showed increased cardiovascular
mortality according to the extent of atheroscleross and the
number of infections to which a patient has been exposed.1>

This hypothesis is further supported by the results of this
study showing a significant relationship between the number of
infectious pathogens to which an individual has been exposed
and progression of carotid atherosclerosis. We found the same
independent association with regard to progression of both early
and advanced carotid atherosclerosis. Similar results have been
reported by Kiechl et a,2> who showed an association between
chronic infections of the respiratory dental systems and urinary
tract and changes in carotid atherosclerosis.

Previous investigations showed an association between the
number of seropositivities and increased CRP levels 121315 An
elevated CRP leve, believed to reflect underlying inflammation,
is predictive of cardiovascular events.*-3 However, in the strat-
ified andysis between pathogen burden and progresson of
aherosclerosis on the basis of low or high CRP value, we found
stronger associations among those with lower values, athough
results were significant in both groups. Moreover, the significant
association between infectious burden and progression of ath-
erosclerosis persisted after adjustment for highly sensitive CRP.
These results provide further evidence that the pathogen burden
significantly predicts progression of atherosclerosis indepen-
dently of an underlying inflammatory process.

CRP > 0.5 mag/d]

Figure 2. Percentage of patients with pro-
gression of atherosclerosis according to
infectious burden as described in Figure 1
stratified into low (0 to 2), middle (3 to 4),
and high (5 to 8) pathogen load. Patients
were stratified into CRP =0.5 (A) or >0.5 (B)
mg/dL.

CRP < 0.5 mg/dl

~. 80 _. 80
= £
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Study Limitations

The presence of periodontal disease and antibodies against
hepatitis viridae has not been evaluated, athough severa inves-
tigators have found associations between these infections and
atherosclerosis.22526-29 |t might be possible that there are
interactions between some pathogens; other pathogens like
HSV-1 and -2 might generate cross-reactive antibodies. Socio-
economic status is a potential confounding factor that has not
been evaluated that represents an important limitation of this
study. Previous investigators showed an increase in carotid
aherosclerosis in patients with low socioeconomic status.3©
Others suggested an association between chronic infections, low
socid gdatus, and increase in early carotid atherosclerosis? It is
possible that individuals with greater infectious burden may
seem to be at increased vascular risk only because they have less
access to care or lower socioeconomic status.3t

Conclusions

In conclusion, our investigation provides further evidence that
infection plays an important role in the pathogenesis of athero-
sclerosis. Previous investigators showed an association between
increased pathogen burden and cardiovascular events, and in a
recent investigation, we found a significant association between
pathogen burden and the extent of atherosclerosis in different
vascular regions. In this tria, we could show an independent
association between increasing infectious burden and progres-
sion of carotid atherosclerosis. Our results are compatible with
the concept that infections are involved in the development and
progression of atherosclerosis and that persistent infections with
multiple pathogens may augment the risk conveyed by 1
pathogen.

Appendix

The AtheroGene Group

Hans-Jirgen Rupprecht, Stefan Blankenberg, Christoph Bickel, Christine
EspinolaKlein, and Jirgen Meyer, Il Medicd Clinic, University Clinic
Mainz, Laurence Tiret, Odette Poirier, Viviane Nicaud, Jean-Louis
Georges, Francois Cambien; INSERM U525, Paris, and Gerd Hafner and
Wilfried Prelwitz, Inditute for Clinicad Chemigry, University Clinic
Mainz.
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