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Abstract: Infectious agents such as herpes viruses may be implicated in the inflammatory atherosclerotic process. The
aim of this study was to assess the levels of 1gG antibody specific for Herpes simplex virus-1 (HSV-1), Cytomegalovirus
(CMV) and Epstein-Barr virus (EBV) among patients with atherosclerotic vascular diseases and to examine the relation
between the levels of these antibodies and lipid profile, high-sensitive C-reactive protein (hsCRP) in these patients.
Seventy five patients [20 with acute coronary artery disease (ACAD), 20 with chronic coronary artery disease (CCAD),
20 with cerebral stroke and 15 with peripheral arterial disease (PAD)] along with 15 healthy individuals as a control
group. The studied individuals were subjected to complete history taking, thorough physical examination, and
assessment of the blood glucose level, lipid profile, creatine kinase (CK), hsCRP by nephlemetry and virus-specific 19G
antibodies by enzyme immunoassay (EIA).

Results showed that the levels of cholesterol, triglycerides, LDL-c and hsCRP were significantly higher, while HDL-c
was significantly lower among patients compared to that of the controls. A significantly (P<0.05) higher perecentage of
patients had CMV-specific IgG as compared to the controls. Higher percentage of patients had HSV- and EBV-specific
IgG antibodies, however, there was no significant difference between the 2 groups. Individuals who had CMV-specific
IgG were more liable to have vascular disease compared to those without (OR=4.10, Cl= 1.07-15.75). The levels of
CMV- and EBV-specific IgG antibodies were significantly (P<0.01 and < 0.05 respectively) elevated among patients
with atherosclerotic vascular diseases when compared to those of the controls. There was no significant correlation
between the levels of virus-specific 19gG and lipid profile or hsCRP.

In conclusion, the level of CMV- and EBV- specific antibodies are elevated among vascular disease patients and the
presence of CMV-specific 1gG is associated with development of the disease. Serum lipids and hsCRP were increased
among the studied patients; however, no significant correlation was detected between antiviral 1gG levels and lipid
profile or hsCRP.

Keywords: Atherosclerosis, coronary artery disease, cytomegalovirus, Epstein-Barr virus, herpes simplex virus,
peripheral artery disease.

INTRODUCTION

Atherosclerosis is a major health problem worldwide;
more people die of the complications of atherosclerosis
than of any other cause (Cullen et al., 2005).
Atherosclerosis is a progressive disease characterized by
the accumulation of lipids and fibrous elements in the
large arteries. It is the primary cause of coronary artery
disease (CAD), stroke and peripheral arterial disease
(PAD) (Lusis, 2000).

Coronary artery disease (CAD) due to atherosclerosis is
the most common cause of angina pectoris. Acute
coronary syndrome considers both unstable angina and
acute myocardial infraction (Schlant and Alexander,
2001). Acute stroke was defined as "rapidly developing
clinical signs of focal (or global) disturbance of cerebral
function lasting more than 24 h with no apparent cause
other than that of vascular origin (Mario and Zrink, 2005).
Cereberovascular stroke includes transient ischaemic
attacks, ischaemic infarction and hemorrhage (Charles,
2001). PAD is caused by atherosclerotic occlusion of the
arteries of the legs (Hiatt, 2001).
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Risk factors of atherosclerosis include hypertension,
diabetes mellitus, active smoking, hyperlipidemia, and a
positive family history (Blum et al., 2003). The inability
of traditional risk factors such as hypercholesterolemia,
hypertension, and smoking to explain the incidence of
atherosclerosis in about 50% of the cases prompted a
search for additional putative risk factors involved in the
development of the disease (Kis et al. 2001). Several
studies have suggested that an association exists between
certain microorganisms and the development of
atherosclerosis (Watt et al., 2003 and Schlitt et al., 2005).
Chronic infectious diseases that are accompanied by low-
grade inflammation have been suspected to take an active
part in the initiation and progression of atherosclerosis
(Kunes et al., 2005 and Oshima et al. 2005). Microbes
have been proposed as inciting agents of tissue injury and
inflammation, both of which underlie the pathogenesis of
atherosclerosis (Vercellotti, 2001).

Inflammatory processes play an important role in
atherosclerosis, and increasing evidence implies that
microbial pathogens and pro-inflammatory cytokines are
involved in the development and activation of
atherosclerotic lesions (Olofsson et al. 2005). Not only
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specific microorganisms but also the infectious burden,
defined as the number of pathogens to which a patient is
exposed, has been associated with atherosclerosis
(Tsirpanlis et al. 2005). In vitro, these agents promote a
proinflammatory and a procoagulant phenotype in
vascular cells. Viruses augment cell accumulation through
alterations of apoptosis. Infectious agents may play a role
in pathogenesis of atherosclerosis by triggering an
autoimmune response due to microbial molecular
mimicry (Vercellotti, 2001).

The role of herpes viruses in atherosclerotic vascular
disease is not well studied in our locality. Therefore, this
study was performed to estimate HSV1, CMV and EBV
infections among patients with different atherosclerotic
vascular diseases and to study their relation with other
risk factors of atherosclerosis especially hsCRP and lipid
profile.

PATIENTS AND METHODS

This study was carried out at King Abdulazez University
Hospital, Jeddah, KSA. The samples were collected from
the intensive care unit (ICU), and the General Surgery and
Cardiology departments.

1) The studied subjects

This study involved 75 patients (49 males and 26
females), their age ranged between 33-85 years. In
addition, 15 apparently healthy age- and gender-matched
subjects were involved in this study as a control group (9
males and 6 females). The studied patients included 20
patients with ACAD (13 males and 7 females ranging in
age from 42-70 years), 20 patients with CCAD (16 males
and 4 females ranging in age from 42-70 years), 20
patients with cerebrovascular diseases (12 males and 8
females ranging in age from 34-85 years) and 15 patients
with PAD (8 males and 7 females) ranging in age from
33-82 years. Each patient was subjected to full history
taking and thorough clinical examination, ECG, coronary
angiography (for patients with CAD), CT scan (for
patients with cerebral stroke) and doppler (for patients
with PAD).

The following laboratory investigations were performed
for all the studied patients and controls: complete urine
analysis, assessment of fasting blood glucose, lipid profile
and cardiac enzymes and quantitative measurements of
hsCRP and HSV-1-, CMV- and EBV-specific IgG
antibodies.

11) Blood sampling

Seven mililitres of blood were collected from each
individual after fasting 12 hours under aseptic conditions
by clean vacutainer tubes. The blood was left to clot at
37°C and then centrifuged at 4000 rpm for 10 min. The
separated serum was divided into two parts one part was

used for immediate assessment of fasting blood sugar,
lipid profile, cardiac enzymes and the other part was
stored in aliquots at -70°C for estimation of hsCRP and
antiviral antibodies.

111) Laboratory methods

1) Biochemical tests for detection of fasting blood
glucose, lipid profile and cardiac enzymes were
done on Synchron CX5 autoanalyser using Kits
supplied by Beckman (Beckman Coulter, Inc.
Fullerton, CA).

2) Estimation of high sensitive C-reactive protein
(hsCRP):

Assessment of high sensitive C reactive protein (hsCRP)
was done on ARRAY 360 using kit supplied by Beckman
(Beckman Coulter, Inc.Fullerton, CA). The “high
sensitivity” refers simply to the lower detection limit of
the assay being used (Pepys & Hirschfield, 2003).
Quantitative assessment of CRP was performed by rate
nephelemetry. The method measures the rate of increase
in light scattered from particles suspended in solution due
to complexes formed during an antigen-antibody reaction.
Antibody to human CRP is brought into contact with
human CRP protein in a sample. The increase in light
scattered from the antigen-antibody reaction is converted
to a peak rate signal which is a function of the sample
hsCRP concentration. Following calibration, the peak
rate signal for a particular assay is automatically
converted to concentration units by the analyzer (Thomas
etal., 2003).

3) Estimation of aniviral 1gG antibodies
Assessment was performed by EIA according to
Manufactuer's instructions:

a) HSV1-specific 1gG was measured using HSV1
ELISA kit (Arvin and Prober, 1995) and EBV-
specific 1gG was measured using EBV ELISA kit
(Bauer, 2001) supplied by Genzyme Virotech GmbH,
(Lowenplatz, Russelsheim, Germany). The antibody
in the serum formed an immune complex with the
antigen coated on the microtiter plate. Unbound
immunoglobulins were removed by washing process.
The enzyme conjugate attaches to this complex.
Unbound conjugate was removed by washing
processes. After adding the substrate solution (TMB),
a blue color is produced by the bound enzyme
(peroxidase). The color changes to yellow when the
stopping solution was added

b) CMV-specific IgG was measured using bioelisa CMV
1gG kit (Landini and Lazzarroto (1999) supplied by
Biokit, SA (Barcelona, Spain). The test was
performed by incubating diluted test specimen in a
microplate well coated with CMV antigen. Antibodies
to CMV, if present in the specimen, would combine
with the antigen attached to the well. The well was
then washed to remove residual test specimen, and
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enzyme-labelled antibodies to human 119G were
added. After another washing to eliminate unbound
material, an enzyme substrate solution containing a
chromogen was added. Development of blue color
would occur if the sample contains anti-
Cytomegalovirus 1gG. The blue color changes to
yellow after blocking the reaction with sulphuric acid.
The intensity of the color was proportional to the
amount of anti-CMV IgG in the test specimens. The
concentration of antibodies in the sample was then
estimated by means of a calibration curve.

STATISTICAL ANALYSIS

Data were collected, tabulated and statistically analysed
using SPSS version 11.1 statistical package (SPSS Inc,
Chicago, IL, USA) at 5% level of significance.
Qualitative data were tested by Chi-square (X) test used
to compare proportion and Odds ratio (OR) along with
95% confidence interval (Cl) to measure risk of having
vascular disease and previous viral infection. Quantitative
data were tested for normality by Klomogovov-Smirnov
test of normality. Student's t test was used for comparison
of two groups and ANOVA test was used for comparison
of the means of more than two groups followed by LSD
post-hoc test of normally distributed data. Mann-Whitrey
test) was used for comparison of two groups and Kruskal-
Wallis test was used for comparison of more than two
groups of non-normally distributed quantitative data.
Pearson correlation coefficient test was used to test
correlation between continuous variables (Indryan and
Sarmukadda, 2001).
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RESULTS

Table 1 shows the age, gender and the levels of fasting
blood glucose, lipid profile, CK and hsCRP among the
studied vascular disease patient groups and controls.
Patient groups had significantly higher levels of FBS,
cholesterol, LDL-c, CK and hsCRP. On the other hand,
HDL-c was significantly lower in patients as compared to
the controls. Patients with ACAD had significantly
(p<0.05) higher level of CK-MB isoenzyme than that of
the controls. Comparison of all the studied patients and
controls is demonstrated in table 2. Patients had
significantly higher levels of FBS, cholesterol,
triglycerides, LDL-c, CK and hsCRP and significantly
(p<0.001) lower HDL-c as compared to that of the
controls.

Table 3 shows no significant difference between the
studied groups regarding the percentage of HSV1-, CMV-
and EBV-specific 1gG antibodies. Table 4 shows that
persons with positive CMV-specific 1gG were 4 times
more liable to have atherosclerotic vascular disease
compared to those without (OR = 4.1, 95% CI = 1.07-
15.75, p< 0.05).

Table 5 shows that CMV- and EBV-specific 1gG serum
levels were significantly (p<0.01 and p<0.05 respectively)
higher among vascular disease patients compared to the
control group. However, HSV-specific 1gG showed no
significant difference.

Table 1: Age, gender and laboratory characteristics of the studied patients and controls.

Vascular disease patients Controls Test of
The studied ACD CCD Stroke PAD (n=15) significanc | P value
parameter (n=20) (n=20) (n=20) (n=15) e
No % No % No No % No %
Age (years) 60.8 + 9.4 51.0+6.2 | 60.8+12.6 | 59.6+12.0 [46.3+154 | F=57 [ P<0.001
Gender:
Males 13 65% 16 80% 12 60% 8 53.3% 9 60% X=33 P>0.05
Females 7 35% 4 20% 8 40% 746.7% 6 40 %
FBS (mg/dl) 89.4+94 88.5+11.3 945+11.8 94.4 £ 8.7 745+6.9 F=16.3 P<0.001
Cholesterol 196.3+67.5 | 210.9+40.1 | 204.8+42.9 | 200.4+42.1 | 136.5+25.3 F=6.6 P<0.01
(mg/dl)
Triglycerides 210.2+£156.1 | 135.24+46.5 136.6+£29.2 | 109.3+21.2 | 90.1+38.2 F=6.3 P<0.01
(mg/ml)
HDL-c 409+ 147 335+6.9 40.2+3.2 39.7+27 489+4.38 F=77 P<0.01
(mg/dl)
LDL-c (mg/dl) | 122.4+44.9 | 150.9+38.3 | 141.8439.2 139.7+£39.7 | 71.5+£22.9 F=112 P<0.001
CK (IU/L) 389.9+323.8 | 107.6 £48.3 | 299.9+361.5 | 272.5+£331.9 | 67.1+36.6 H=13.9 P<0.01
CK-MB (IU/L) | 37.2+24.38 - - - 171+49 u=25 P<0.05
hsCRP (mg/dl) | 2.96 + 3.90 1.10+0.50 1.76 £ 1.55 1.57+0.67 | 0.33+£0.07 H=92 P<0.05
F = ANOVA, X2 = Chi-square, H = Kruskal-Wallis, U = Mann-Whitney
-The age of the studied patients and controls showed a significant difference, however, no difference was detected regarding gender.
-There were significant differences in the levels of FBS, cholesterol, triglycerides, LDL-c, CK and hsCRP among the studied groups.
-There was a significant difference in the level of CK-MB between ACAD patients and controls.
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Table 2: Comparison of the laboratory findings of the studied vascular disease patients and controls

The studied parameter Vascular disease Controls (n=15) Test of significance P value
patients (n=75)

FBS (mg/dl) 115.8 £ 62.7 745 +6.9 t=5.5 P<0.001
Cholesterol (mg/dl) 203.4 £49.2 136.5 + 25.3 t=5.1 P<0.001
Triglycerides (mg/ml) 144.2 £ 93.9 90.1 £83.3 t=22 P<0.05
HDL-c (mg/dl) 38.5+8.9 48.9+4.8 t=4.3 P<0.001
LDL-c (mg/dl) 139.3 £40.9 715+22.9 t=8.9 P<0.001
CK (IU/L) 267.1 £ 305.2 67.1+36.6 U=3.6 P<0.001
hsCRP (mg/dl) 1.86 +2.28 0.33 £0.07 U=5.8 P<0.001

t = Student's t test, U = Mann-Whitney

Vascular disease patients had significantly higher levels of FBS, cholesterol, triglycerides, LDL-c, CK and hsCRP and significantly

lower HDL-c level compared to that of the controls.

Table 3: Virus-specific 1gG seropositivity among the studied patients and controls

Vascular disease patients Controls
The studied ACD CCD Stroke PAD (n=15) X2 P value
parameter (n=20) (n=20) (n=20) (n=15)
No % No % No % No % No %
HSV 20 100 18 90 20 100 14 93.9 14 93 3.66 P>0.05
CMV 12 60 8 40 9 45 9 60 3 20 7.14 P>0.05
EBV 20 100 20 100 18 90 12 80 14 93.3 75 P>0.05

X2 = Chi-square

There was no significant difference between the different studied groups regarding virus-specific 1gG seropositivity.

Table 4: Distribution of the positive and negative HSV, CMV and EBV individuals among patients and controls

The studied HSV CMV EBV
herpes virus +ve -ve +ve -ve +ve -ve
(n=86) (n=4) (n=41) (n=49) (n=84) (n=6)
Patients:
No 72 3 38 37 70 5
% 83.7 75 92.7 75.5 83.3 83.3
Controls
No 14 1 3 12 14 1
% 16.3 25 7.3 24.5 16.7 16.7
OR 1.71 4.1 -
%ClI 0.16-7.70 1.07-15.75 -
P value >0.05 <0.05 >0.05

OR = QOdds ratio Cl = Confidence interval

Patients who had CMV-specific 1gG were 4 times more liable to have vascular disease as compared with those not having these

antibodies (OR=4.10, 95% Cl=1.07-15.75, p<0.05).

Table 6 shows that there was no significant correlation
between the lipid profile, hsCRP and virus-specific 1gG
antibodies among the studied vascular disease patients.
Moreover, there was no significant correlation between
hsCRP and lipid profile or virus-specific 1gG antibodies
among the different studied patient groups or controls
(table 7).

DISCUSSION

Atherosclerosis is a chronic inflammatory disease of
arteries, associated with multiple genetic and

environmental factors (Froberg et al., 2001b). One of the
candidate inflammatory triggers is infection (Rott et al.,
2003 and Reszka et al., 2008). Chronic infectious diseases
that are accompanied by low-grade inflammation have
been suspected to take an active part in the initiation and
progression of atherosclerosis (Kunes et al., 2005 and
Cheng et al., 2009).

In this study, the levels of cholesterol, triglycerides and
LDL-c were significantly higher, while HDL-c was
significantly lower among patients with vascular disease
compared to controls. Similar findings were reported in
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Table 5: Virus-specific IgG levels among the studied patients and controls
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The studied Vascular disease Controls (n=15) t value P value
parameter patients (n=75)
HSV(VEU/mI) 21.8+4.9 20 +6.4 1.2 >0.05
CMV(U/mI) 0.96 + 0.20 0.80+0.17 2.9 <0.01
EBV(VEU/mI) 13.2+3.8 11.0+3.6 2.1 <0.05

Vascular disease patients showed significantly higher levels of CMV- and EBV-specific IG as compared to that of the controls,
however, HSV-specific IgG was not significantly different between the 2 groups.

Table 6: Correlation between lipid profile, log-hsCRP and virus-specific 1gG levels among vascular disease patients

Studied parameter Cholesterol Triglycerides HDL-c LDL-c Log-hsCRP
Log-hsCRP 0.041 0.206 -0.016 0.061 -
HSV-1gG 0.231 0.058 0.050 0.194 0.024
CMV-1gG 0.003 -0.011 0.043 -0.030 0.100
EBV-1gG -0.080 -0.009 -0.052 -0.009 0.111

Pearson correlation coefficient was used for correlating different variables.
There was no significant correlation between lipid profile, Log-hsCRP and herpes virus-specific 1gG among the studied 75 patients

with vascular disease.

Table 7: Correlation between log-hsCRP and lipid profile and virus-specific 1gG levels among the studied patient

groups
Studied parameters Cholesterol Triglycerides HDL-c LDL-c HSV CMV EBV
ACAD 0.073 0.246 -0.153 0.181 -0.268 0.302 0.255

CCAD 0.226 -0.068 0.084 0.209 0.289 0.156 0.255

Stroke 0.073 -0.081 -0.327 -0.041 -0.181 -0.255 0.067

PAD 0.309 0.065 0.109 0.319 0.391 -0.071 0.061

Pearson correlation coefficient was used for correlating different variables.
There was no significant correlation between log-hsCRP and lipid profile or herpes virus-specific IgG among patient groups.

patients with CAD by Ferrario et al (2005), Olsson et al
(2005), Pac et al (2005), and Shai et al (2005) and in
patients with PAD (Muntner et al., 2005). This finding
may support the atherogenic role of lipids and indicate the
importance of LDL-c in pathogenesis of atherosclerosis. It
has been hypothesized that elevated levels of LDL-c
result in injury to the endothelial cells of the artery and
then initiate the inflammatory process. Low levels of
HDL-c show a consistent relationship with the
development of atherosclerosis. As triglyceride levels
exceed the range of 90-100 mg/dL, there is a proportional
increase in production of small, dense LDL particles.
Small LDL particles are highly oxidizable, and their
unregulated uptake and incorporation in macrophages
enhance the release of inflammatory cytokines, resulting
in elevated CRP. In addition, the triglyceride-rich very
low-density lipoprotein and chylomicrons may induce
endothelial vascular cell adhesion molecule 1 and activate
other proinflammatory transcription factors, including
NF-kappa B. Uptake of triglyceride-rich lipoproteins by
macrophages may promote foam cell formation, up-
regulate plasminogen activator inhibitor, and promote
inflammation by facilitating neutrophil transendothelial
migration (Ahmad et al., 2001 and Pesonen et al., 2008).

Increasing evidence has shown that atherogenesis is not
only caused by hypercholesterolemia. Several risk factors,
including bacterial and viral infection, are involved in the
overall inflammatory reaction in the blood vessels (Wu
and Wu, 2006). Beyond traditional cardiovascular risk
factors, markers of inflammation and infections seem to
significantly influence the occurrence of cerebrovascular
and cardiovascular events (Corrado et al., 2006).

In this study, hsCRP, an important inflammatory marker,
was significantly higher among all the studied patients,
indicating that an inflammatory reaction may play a role
in pathogenesis of atherosclerosis in our patients. The
level of CRP was reported to be significantly higher
among patients with CAD (Ferrario et al., 2005 and Shai
et al., 2005) and patients with PAD (Muntner et al., 2005)
when compared with controls. The level of hsCRP was
considered by some investigators to be a ‘golden marker’
for cardiovascular disease. Apart from being an
inflammatory marker, hsCRP has been shown to be a risk
factor for CAD as it enhances LDL aggregation and the
production of vascular cell adhesion molecules triggering
the atherosclerotic process. Moreover, it stimulates matrix
metaloproteinase expression which increases plaque
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vulnerability (Williams et al., 2004). Miyamoto et al
(2006) concluded that localized up-regulation of innate
immune markers early after infection, rather than
systemic  inflammation, contributes to pathogen-
accelerated atherosclerosis.

In this study, higher percentage of patients with vascular
diseases had herpes virus-specific 1gG antibodies
(especially CMV) compared to that of the controls.
Moreover, presence of CMV-specific 1gG was
significantly associated with occurrence of atherosclerotic
vascular disease. It was found that the prevalence of high
CMV seropositivity was an independent predictor of
CAD and that population with CAD had a high rate of
CMV infection (Eryol et al., 2005). A relation between
pathological atherosclerotic process in CAD and CMV
infection was reported by Corrado and Novo (2005) and
Susloparov et al (2005). CMV was also reported to play
an important role in atherosclerotic cerebral infarction
(Hu et al., 2001) and CMV-seropositive individuals were
shown to have endothelial dysfunction that was
independent of conventional risk factors (Grahame-Clarke
et al., 2003). CMV is thought to be the most possible
etiological factor of atherosclerosis. CMV infection may
relate to the pathogenesis and the artery itself may be the
site of CMV latency (Chen et al., 2003). Active CMV
infection was found to be enhanced in atherosclerotic
blood vessels compared to atherosclerosis-free vascular
equivalents (Nerheim et al., 2004).

On the other hand, lack of association between chronic
infection with CMV, EBV or pathogen burden and
endothelial function was observed, suggesting that these
agents are not implicated as early etiologic triggers in the
genesis of CAD (Andrie et al., 2003, Khairy et al., 2003
and Xenaki et al., 2009). Rothenbacher et al (2005)
suggested that seropositivity to CMV might not be a
strong risk factor for recurrent cardiovascular events in
patients with manifest CAD, and is not associated with
levels of established inflammatory markers. However, a
significant association between the presence of CMV
DNA and EBV DNA in aortic walls and atherosclerosis
was reported (Horvath et al., 2000). Rodent models as
well as in vitro studies suggested that CMV might
enhance lesion formation in various ways, like
augmentation of the oxLDL uptake, altering monocyte
adhesion or increasing the production of pro-
inflammatory cytokines (Stassen et al., 2006). CMV
infection was reported to increase the production of
inflammatory cytokines in CAD (Sun et al., 2005).
Primed leukocytes were found to produce soluble factors
with either anti-viral or pro-inflammatory activity due to
production of interferons and several cytokines which sets
up virus latency or elimination. However, the same
cytokines act on infected and/or neighboring endothelial
cells and initiate the cascade of inflammatory reactions in
the vascular wall (Scheglovitova et al., 2002).

Our findings show that the occurrence of HSV-and EBV-
specific 1gG was more frequently encountered among
patients than controls (although it was not significant
most probably due to the small number of the studied
samples), suggesting that infection with these viruses may
play a role in atherosclerotic vascular diseases. It was
reported that the high incidence and kinds of
herpesviruses were related to the high incidence of
atherosclerosis (Shi and Tokunaga, 2002). Moreover,
seropositivities to EBV and HSV1 and HSV2 were
independently associated with the future risk of
cardiovascular death (Rupprecht et al.,, 2001 and
Kotronias and Kapranos, 2005 and Muneuchi et al.,
2009).

Kotronias and Kapranos (2005) suggested that HSV
seems to play a significant role in the initiation and
progression of coronary atherosclerosis. Different
mechanisms by which HSV may contribute to
atherogenesis have been described. In vascular cells, HSV
infection leads to lipid accumulation. HSV infection of
endothelial cells attracts leukocytes with subsequent
inflammatory damage; it activates procoagulant changes
on endothelium with increased thrombin generation and
platelet adhesion, and changes its interaction with
extracellular matrix proteins (Visser and Vercellotti,
1993). It was found that HSV-1 could infect vascular
endothelial cells, leading to endothelial cell dysfunction
(Chirathaworn et al., 2004).

The biological properties of some herpes viruses such as
the ability of latent persistency in the host cells and the
presence of viral DNA in atherosclerotic lesions, suggest
the possible role of herpes viruses in the development of
atherosclerosis (Horvath et al., 2000). Kwon et al (2004)
and Ibrahim et al (2005) detected viral DNA of HSV,
EBV and CMV in biopsies from atherosclerotic plaques
and concluded that herpes viral infections may have a role
in atherosclerosis. If these agents cause persistent
infection in the vessel wall, they can directly promote a
proinflammatory, procoagulant, and proatherogenic
environment (Leinonen and Saikku, 2002).

In this study, vascular disease patients had significantly
higher levels of CMV- and EBV-specific IgG than that of
the controls. This result may indicate that high level of
antibodies may have a role in pathogenesis of
atherosclerosis. High levels of CMV antibodies were
significantly associated with incident CAD (Sorlie et al.,
2000). Handzha (2004) suggested that viral infection
exerts an immune reactions and that autoimmune
inflammation plays a role in the development of unstable
angina. Lunardi et al (2005) proposed that immune
response to particular CMV proteins might result in
autoaggression through a mechanism of molecular
mimicry of normally expressed endothelial cell surface
molecules.
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Leskov and Zatevakhin (2005) suggested that intracellular
infections such as HSV and CMV may induce endothelial
injury through both direct and indirect immune system-
mediated effect. During CMV infection, antibodies
against the virus can arise that are able to cross react with
human HSP60 and cause apoptosis of non-stressed
endothelial cells (Bason et al., 2003). Rott et al., (2003)
suggested that T lymphocytes, clonally expanded in
response to antigens presented by CMYV infection, home
to sites of vascular injury and locally release IL-6 which
then triggers endothelial cells to release MCP-1, which
recruits more monocytes and T-cells into the vessel wall
and thereby exacerbates local inflammation, and thus
atherogenesis (Froberg et al., 2001b). Roberts and Cech
(2005) indicated that persons previously exposed to CMV
were 12 times more liable to have diabetes, which may
accelerate atherosclerosis.

In conclusion, the levels of serum lipids, hsCRP and
CMV- and EBV-specific IgG antibodies were higher
among patients with atherosclerotic vascular diseases.
Presence of CMV-specific IgG is significantly associated
with development of vascular disease. However, no
significant correlation was detected between 1gG levels
and lipid profile or hsCRP.

REFERENCES

Ahmad I, Zhan M and Miller M (2001). High prevalence
of C-reactive protein elevation with normal
triglycerides (100-149 mg/dL): Are triglyceride levels
below 100 mg/dL more optimal in coronary heart
disease risk assessment? Am. J. Med. Sci., 329 (4):
173-177.

Andrie R, Braun P, Heinrich KW, Luderitz B and
Bauriedel G (2003). Prevalence of intimal pathogen
burden in acute coronary syndromes. Z. Kardiol.,
92(8): 641-9 (Abstract) [Article in German].

Arvin AM and Prober CG (1995). Herpes simplex
viruses. In: Murray P, Baron E, Pfaller M, Tenover F
and Yolkenet R (eds.); Manual of Clinical
Microbiology, 6" ed., ASM, Washington, DC, pp.876-
883.

Bason C, Corrocher R, Lunardi C, Puccetti P, Olivieri O,
Girelli D, Navone R, Beri R, Millo E, Margonato A,
Martinelli N and Puccetti A (2003). Interaction of
antibodies against cytomegalovirus with heat-shock
protein 60 in pathogenesis of atherosclerosis. Lancet,
362(9400): 1971-1977.

Bauer G (2001). Simplicity through complexity:
immunoblot with recombinant antigens as the new gold
standard in Epstein-Barr virus serology. Clin. Lab., 47:
223-230.

Blum A, Peleg A and Weinberg M (2003): Anti-
cytomegalovirus (CMV) IgG antibody titer in patients
with risk factors to atherosclerosis. Clin. Exp. Med.,
3(3): 157-160.

Abdullah Al-Ghamdi

Charles W (2001). Stroke, transient ischaemic attacks and
intracranial venous thrombosis. In: Brain’s Diseases of
the Nervous System; Edited by Michael Donaghy, 11"
ed., Oxford University Press, USA, pp.775- 856.

Chen R, Xiong S, Yang Y, Fu W, Wang Y and Ge J
(2003).  The  relationship ~ between  human
cytomegalovirus  infection and  atherosclerosis
development. Mol. Cell Biochem., 249(1-2): 91-96.

Cheng Y, Li DD, Cheng X, Liu BL and Cheng JL (2009).
Distribution of cytomegalovirus DNA in vascular
tissues and the relationship between virus and
atherosclersogenesis. Zhonghua Shi Yan He Lin
Chuang Bing Du Xue Za Zhi. 23(5): 321-324.

Chirathaworn C, Pongpanich A and Poovorawan Y
(2004): Herpes simplex virus 1 induced LOX-1
expression in an endothelial cell line, ECV 304. Viral
Immunol, 17(2): 308-314.

Corrado E and Novo S (2005). Role of inflammation and
infection in vascular disease. Acta. Chir. Belg., 105(6):
567-579.

Corrado E, Rizzo M, Tantillo R, Muratori I, Bonura F,
Vitale G and Novo S (2006). Markers of inflammation
and infection influence the outcome of patients with
baseline asymptomatic carotid lesions: A 5-year
follow-up study. Stroke, 37(2): 482-486.

Cullen P, Rauterberg J and Lorkowski S (2005). The
pathogenesis of atherosclerosis. Handb.  Exp.
Pharmacol., 170: 3-70.

Eryol NK, Kilic H, Gul A, Ozdogru I, Inanc T, Dogan A,
Topsakal R and Basar E (2005). Are the high levels of
cytomegalovirus antibodies a determinant in the
development of coronary artery disease? Int. Heart J.,
46(2): 205-2009.

Ferrario M, Chiodini P, Chambless LE and Cesana G
(2005). Prediction of coronary events in a low
incidence population. Int. J. Epidem., 34 (2): 413-421.

Froberg MK, Adams A, Seacotte N, Parker-Thornburg J
and Kolattukudy P (2001a). Cytomegalovirus infection
accelerates  inflammation  in  vascular  tissue
overexpressing monocyte chemoattractant protein-1.
Circ. Res., 89(12): 1224-1230.

Froberg MK, Seacotte N and Dahlberg E (2001b).
Cytomegalovirus seropositivity and serum total
cholesterol levels in young patients. Ann. Clin. Lab.
Sci., 31(2): 157-161.

Grahame-Clarke C, Chan NN, Andrew D, Ridgway GL,
Betteridge DJ, Emery V, Colhoun HM and Vallance P
(2003). Human cytomegalovirus seropositivity is
associated  with  impaired  vascular  function.
Circulation, 108 (6): 678-83.

Handzha IM (2004). Viral infection, atherosclerosis, and
ischemic heart disease. Lik Sprava, (1): 65-7. [Article
in Ukrainian]

Hiatt WR (2001): Medical treatment of peripheral arterial
disease and claudication. N. Engl J Med, 344 (21):
1608-1621.

Pak. J. Pharm. Sci., Vol.25, No.1, January 2012, pp.89-97

95



Role of herpes simplex Virus-1

Horvath R, Cerny J, Benedik J Jr, Hokl J, Jelinkova | and
Benedik J (2000). The possible role of human
cytomegalovirus (HCMV) in the origin of
atherosclerosis. J. Clin. Virol., 16 (1): 17-24.

Ibrahim Al, Obeid MT, Jouma MJ, Moasis GA, Al-
Richane WL, Kindermann I, Boehm M, Roemer K,
Mueller-Lantzsch N and Gartner BC (2005). Detection
of herpes simplex virus, cytomegalovirus and Epstein-
Barr virus DNA in atherosclerotic plaques and in
unaffected bypass grafts. J. Clin. Virol., 32 (1): 29-32.

Indryan A and Sarmukadda M (2001). Medical
biostatistics. Dekker M (ed), WB Saunders Company,
Philadelphia, New York, pp134.

Khairy P, Rinfret S, Tardif JC, Marchand R, Shapiro S,
Brophy J and Dupuis J (2003). Absence of association
between infectious agents and endothelial function in
healthy young men. Circulation, 107(15): 1966-1971.

Kis Z, Burian K, Virok D, Kari G, Endresz V and
Gonczol E (2001). Chronic infections and
atherosclerosis. Acta. Microbiol. Immunol. Hung.,
48(3-4): 497-510.

Kotronias D and Kapranos N (2005). Herpes simplex
virus as a determinant risk factor for coronary artery
atherosclerosis and myocardial infarction. In Vivo,
19(2): 51-57.

Kunes P, Mand'ak J, Lonsky V and Palicka V (2005).
Shared pathogenesis of infectious and cardiovascular
diseases--year 2005's view. Cas. Lek. Cesk., 144(9):
592-5 (Abstract). [Article in Czech].

Kwon TW, Kim do K, Ye JS, Lee WJ, Moon MS, Joo
CH, Lee H and Kim YK (2004). Detection of
enterovirus,  cytomegalovirus, and  Chlamydia
pneumoniae in atheromas. J. Microbiol., 42(4): 299-
304.

Landini MP and Lazzarroto T (1999). Prenatal diagnosis
of congenital cytomegalovirus infection: Tight and
shade. HERPES, 6(2): 45-49.

Leinonen M and Saikku P (2002). Evidence for infectious
agents in cardiovascular disease and atherosclerosis.
Lancet Infect. Dis., 2(1):11-7.

Leskov VP and Zatevakhin Il (2005). The role of the
immune system in the pathogenesis of atherosclerosis.
Angiol. Sosud. Khir., 11(2): 9-14.

Lunardi C, Bason C, Corrocher R and Puccetti A (2005).
Induction of endothelial cell damage by hCMV
molecular mimicry. Trends Immunol., 26(1): 19-24.

Lusis AJ (2000). Atherosclerosis. Nature, 407(6801):
233-241.

Mario IV and Zrink 1V (2005). Risk factors and hospital
outcome in stroke and myocardial infarction patients.
BMJ Public Health, 4: 26.

Miyamoto T, Yumoto H, Takahashi Y, Davey M, Gibson
FC and Genco CA (2006). Pathogen-accelerated
atherosclerosis occurs early after exposure and can be
prevented via immunization. Infect. Immun., 74(2):
1376-1380.

Muneuchi J, Ohga S, Ishimura M, lkeda K, Yamaguchi
K, Nomura A, Takada H, Abe Y and Hara T (2009).
Cardiovascular complications associated with chronic
active Epstein-Barr virus infection. Pediatr. Cardiol.,
30(3): 274-281.

Muntner P, Wildman RP, Reynolds K, Desalvo KB
(2005). Relationship between HbA,. level and
peripheral arterial disease. Diabetes Care, 28(8): 1981-
1987.

Nerheim PL, Meier JL, Vasef MA, Li WG, Hu L, Rice
JB, Gavrila D, Richenbacher WE and Weintraub NL
(2004). Enhanced cytomegalovirus infection in
atherosclerotic human blood vessels. Am. J. Pathol.,
164(2): 589-600.

Olofsson PS, Jatta K, Wagsater D, Gredmark S, Hedin U,
Paulsson-Berne G, Soderberg-Naucler C, Hansson GK
and Sirsjo A (2005). The antiviral cytomegalovirus
inducible gene 5/viperin is expressed in atherosclerosis
and regulated by proinflammatory agents. Arterioscler.
Thromb. Vasc. Biol., 25(7): 113-116.

Olsson AG, Schwartz GG, Szarek M and William S
(2005). High-density lipoprotein, but not low-density
lipoprotein cholesterol levels influence short-term
prognosis after acute coronary syndrome. Eur Heart J,
26(9): 890-896.

Oshima T, Ozono R, Yano Y, Oishi Y, Teragawa H,
Higashi Y, Yoshizumi M and Kambe M (2005).
Association of Helicobacter pylori infection with
systemic inflammation and endothelial dysfunction in
healthy male subjects. J. Am. Coll. Cardiol., 45(8):
219-222.

Pac FA, Ozerol E, Ozerol IH and Temel M (2005).
Homocysteine, lipid profile, nitric oxide, vitamin B12,
and folate values in patients with premature coronary
artery disease and their children. Angiology, 56(3):
253-257.

Pepys MB and Hirschfield GM (2003). C-reactive
protein: A critical update. J. Clin. Invest., 111: 1805-
1812.

Pesonen E, Andsberg E, Grubb A, Rautelin H, Meri S,
Persson K, Puolakkainen M, Sarna S and Ohlin H
(2008). Elevated infection parameters and infection
symptoms predict an acute coronary event. Ther. Adv.
Cardiovasc. Dis., 2(6): 419-424.

Reszka E, Jegier B, Wasowicz W, Lelonek M, Banach M
and Jaszewski R (2008). Detection of infectious agents
by polymerase chain reaction in human aortic wall.
Cardiovasc. Pathol., 17(5): 297-302.

Roberts BW and Cech | (2005). Association of type 2
diabetes mellitus  and  seroprevalence  for
cytomegalovirus. South Med. J., 98(7): 686-692.

Rothenbacher D, Brenner H, Mertens T, Hoffmann MM,
Hoffmeister A and Koenig W (2005). Prognostic value
of  interleukin-1  receptor  antagonist  gene
polymorphism and cytomegalovirus seroprevalence in
patients with coronary artery disease. BMC
Cardiovasc. Disord., 5(1): 10.

96

Pak. J. Pharm. Sci., Vol.25, No.1, January 2012, pp.89-97



Rott D, Zhu J, Zhou YF, Burnett MS, Zalles-Ganley A
and Epstein SE (2003). IL-6 is produced by
splenocytes derived from CMV-infected mice in
response to CMV antigens, and induces MCP-1
production by endothelial cells: A new mechanistic
paradigm  for  infection-induced  atherogenesis.
Atherosclerosis, 170(2): 223-228.

Rupprecht HJ, Blankenberg S, Bickel C, Rippin G,
Hafner G, Prellwitz W, Schlumberger W and Meyer J
(2001). Impact of viral and bacterial infectious burden
on long-term prognosis in patients with coronary artery
disease. Circulation, 104(1): 25-31.

Scheglovitova ON, Romanov YA, Maksianina EV,
Svintsitskaya VA and Pronin AG (2002). Herpes
simplex type | virus infected human vascular
endothelial cells induce the production of anti-viral and
proinflammatory  factors by peripheral blood
leukocytes in vitro. Russ. J. Immunol., 7(2): 115-122.

Schlant RC and Alexander RW (2001). Stable angina
pectoris. In: Hurst’s The Heart. Alexander RW, Schlant
RC, Fuster V, O’Rourke RA, Roberts R and
Sonnenblick EH (eds.), 10" ed. McGraw-Hill, New
York, p.135.

Schlitt A, Blankenberg S, Weise K, Gartner BC, Mehrer
T, Peetz D, Meyer J, Darius H and Rupprecht HJ
(2005). Herpesvirus DNA (Epstein-Barr virus, herpes
simplex virus, cytomegalovirus) in circulating
monocytes of patients with coronary artery disease.
Acta. Cardiol., 60(6): 605-610.

Shai I, Rimm EB, Hankinson SE and Cannuscio C
(2005). Lipoprotein (a) and coronary heart disease
among women: beyond a cholesterol carrier? Eur.
Heart J., 26(16): 1633-1639.

Shi Y and Tokunaga O (2002). Chlamydia pneumoniae
and multiple infections in the aorta contribute to
atherosclerosis. Pathol Int, 52(12): 755-763.

Sorlie PD, Nieto FJ, Adam E, Folsom AR, Shahar E, and
Massing M (2000). A prospective study of
cytomegalovirus, herpes simplex virus 1, and coronary
heart disease: the atherosclerosis risk in communities
(ARIC) study. Arch. Intern. Med., 160(13): 2027-2032.

Stassen FR, Vega-Cordova X, Vliegen | and Bruggeman
CA  (2006). Immune  activation  following
cytomegalovirus infection: more important than direct
viral effects in cardiovascular disease? J. Clin. Virol.,
35(3): 349-353.

Sun 'Y, Pei W, Welte T, Wu Y, Ye S and Yang Y (2005).
Cytomegalovirus infection is associated with elevated
interleukin-10  in  coronary  artery  disease.
Atherosclerosis, 179(1): 133-137.

Abdullah Al-Ghamdi

Susloparov MA, Susloparov IM, Makhova NM, Omigov
VV, Litasova EE, Legan MV, Slaikovskaia LE,
Mironenko SP, Cherniavskii AM and Luk'ianchikova
NL (2005). The study of markers of herpes virus
infections in myocardial ischemia. Mol. Gen.
Mikrobiol. Virusol., 4: 36-40.

Thomas B, Nader R and Pepys MB (2003). Preanalytic
and analytic sources of variations in C-reactive protein
measurement: implications for cardiovascular disease
risk assessment. Clin. Chem,, 49: 1258-1271.

Tsirpanlis G, Chatzipanagiotou S, loannidis A, Boufidou
F, Moutafis S and Nicolaou C (2005). Serum and
peripheral blood mononuclear cells infectious burden:
Correlation to inflammation and atherosclerosis in
haemodialysis patients. Nephrology (Carlton), 10(3):
256-263.

Vercellotti GM (2001). Overview of infections and
cardiovascular diseases. J. Allergy Clin. Immunol.,
108(4 Suppl): S117-S120.

Visser MR and Vercellotti GM (1993). Herpes simplex
virus and atherosclerosis. Eur. Heart J., 14(Suppl K):
39-42.

Watt S, Aesch B, Lanotte P, Tranquart F and Quentin R
(2003). Viral and bacterial DNA in carotid
atherosclerotic lesions. Eur. J. Clin. Microbiol. Infect.
Dis., 22(2): 99-105.

Williams TN, Zhang CX, Game BA, He L and Huang Y
(2004). C-reactive protein  stimulates MMP-1
expression in U937 histiocytes through Fc [gamma]
RII and extracellular signal-regulated kinase pathway:
An implication of CRP involvement in plaque
destabilization. Arterioscler. Thromb. Vasc. Bio., 24:
61-66.

Wu JT and Wu LL (2006). Linking inflammation and
atherogenesis: Soluble markers identified for the
detection of risk factors and for early risk assessment.
Clin. Chim. Acta., 366(1-2): 74-80.

Xenaki E, Hassoulas J, Apostolakis S, Sourvinos G and
Spandidos DA (2009). Detection of cytomegalovirus in
atherosclerotic plagues and nonatherosclerotic arteries.
Angiology. 60(4): 504-508.

Zhu J, Quyyumi AA, Norman JE, Csako G, Waclawiw
MA, Shearer GM and Epstein SE (2000). Effects of
total pathogen burden on coronary artery disease risk
and C-reactive protein levels. Am. J. Cardiol., 85(2):
140-146.

Pak. J. Pharm. Sci., Vol.25, No.1, January 2012, pp.89-97

97



