SPRINGER BRIEFS IN IMMUNOLOGY

Arsei E. Yuzhalin

Viruses and
Atherosclerosis

@ Springer



SpringerBriefs in Immunology

For further volumes:
http://www.springer.com/series/10916


http://www.springer.com/series/10916




Anton Kutikhin ¢ Elena Brusina
Arseniy E. Yuzhalin

Viruses and Atherosclerosis

@ Springer



Anton Kutikhin Elena Brusina

Epidemiology Epidemiology
Kemerovo State Medical Academy Kemerovo State Medical Academy
Kemerovo, Russia Kemerovo, Russia

Arseniy E. Yuzhalin

Res Inst Cardiovascular Diseases
Russian Academy of Medical Sciences
Siberian Branch

Kemerovo, Russia

Department of Oncology

University of Oxford

Oxford, UK

ISSN 2194-2773 ISSN 2194-2781(electronic)
ISBN 978-1-4614-8862-0 ISBN 978-1-4614-8863-7 (eBook)

DOI 10.1007/978-1-4614-8863-7
Springer New York Heidelberg Dordrecht London

Library of Congress Control Number: 2013949161

© Springer Science+Business Media New York 2013

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed. Exempted from this legal reservation are brief excerpts in connection
with reviews or scholarly analysis or material supplied specifically for the purpose of being entered and
executed on a computer system, for exclusive use by the purchaser of the work. Duplication of this
publication or parts thereof is permitted only under the provisions of the Copyright Law of the Publisher’s
location, in its current version, and permission for use must always be obtained from Springer.
Permissions for use may be obtained through RightsLink at the Copyright Clearance Center. Violations
are liable to prosecution under the respective Copyright Law.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

While the advice and information in this book are believed to be true and accurate at the date of
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility for
any errors or omissions that may be made. The publisher makes no warranty, express or implied, with
respect to the material contained herein.

Printed on acid-free paper

Springer is part of Springer Science+Business Media (www.springer.com)


www.springer.com

I dedicate this book to my dear Sigrid,
who has been supporting me during the
hardest year of my life, and who is still
one of my best friends for over 9 years
since that time. All the time I know that
despite any circumstances, she is with
me incessantly.






Preface

Over the years of investigations a lot of discoveries supporting the hypothesis of
infection-driven atherosclerosis were made, and many associations between vari-
ous infectious agents and atherosclerosis-related diseases were revealed. The list
of these infectious agents includes Chlamydia spp., Helicobacter pylori,
Mycoplasma pneumoniae, Streptococcus pneumoniae, Enterobacter hormaechei,
Borrelia burgdorferi, periodontal microorganisms, human immunodeficiency
virus, cytomegalovirus, influenza viruses, hepatitis A, B, and C viruses, herpes
simplex virus-1 and -2, Epstein-Barr virus, enteroviruses, parvovirus B19, respira-
tory syncytial virus, and measles virus. The problem is of large importance due to
the enormous worldwide incidence, prevalence, and mortality from atherosclerosis-
related diseases. To the best of our knowledge, this is the only book devoted to this
problem and highlighting its importance and topicality. However, the amount of
published information about infection-driven atherosclerosis is extremely large, so
here we have focused only on viruses but not on bacteria. In the first chapter, we
describe the hypothesis and denote the mechanisms of virus-driven atherosclero-
sis. Further in the book, the role of various viruses in the development of athero-
sclerosis and atherosclerosis-related diseases is analyzed; we start from herpes
simplex virus-1 and -2, move to Epstein-Barr virus, continue with enteroviruses,
parvovirus B19, respiratory syncytial virus, measles virus, and finish by the hepa-
titis A, B, and C viruses. In the last chapter, we write about the practical applica-
tions of the basic and epidemiological investigations performed in the field.
Concerning other viruses, the role of cytomegalovirus and influenza virus in the
development of atherosclerosis and related diseases was recently described in
comprehensive reviews, and we do not want to repeat the information instead of
carrying out the analysis. So, we indicate the relevant references to these papers,
and everyone who wants to acquaint with the problem can find them in the Web or
in libraries. We apologize for this inconvenience, but the goal of this book is to
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viii Preface

perform the analysis of published data but not to repeat the information that was
written before in the review articles.

We prepared this book with the goal that it will be useful for the wide audience,
particularly cardiologists; angiologists; microbiologists; epidemiologists; PhD,
graduate, and undergraduate students of biomedical faculties; and their lecturers.

Kemerovo, Russia Anton Kutikhin
Elena Brusina
Arseniy E. Yuzhalin
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Chapter 1
A Hypothesis of Virus-Driven Atherosclerosis

Abstract In this chapter, we will briefly describe a hypothesis of virus-driven
atherosclerosis. First, we will write about the pathogenetic basis of atherosclerosis,
then we will note the possible place of infectious agents in this pathological process,
and, finally, we will consider a number of mechanisms which underlie the hypoth-
esis of virus-driven atherosclerosis.

Atherosclerosis, manifesting itself as acute coronary syndrome, stroke, and periph-
eral arterial diseases, is a chronic progressive inflammatory disease characterized by
the accumulation of lipid and fibrous elements in arterial walls [1], which is driven
by responses of both innate and adaptive immunity [2—4]. Pathogenically, it starts
from the deposition of cholesterol in the subendothelial region of the vessel under
the condition of local endothelial dysfunction and hypercholesterolemia and/or dys-
lipidemia [5]. This triggers the infiltration of leukocytes, monocytes/macrophages,
T cells, mast cells, neutrophils [6, 7], and dendritic cells [8, 9], causing an asym-
metrical thickening of the intima. The continuous influx of cells and permanently
developing immune response and inflammation (driven by reactive oxygen species,
cytokines, complement factors and proteases) maintain progression of atheroscle-
rotic plaque, and lead to the formation of complex mature plaques [10, 11]. They
consist of a necrotic core formed by apoptotic, necrotic cells, cholesterol crystals,
and cell debris, and they are surrounded by the immune cells indicated above.
Additionally, mature plaques are covered by smooth muscle cells and a collagen-
rich extracellular matrix [3, 4]. The release of proinflammatory cytokines and pro-
teases may break the collagen fibers and disrupt the fibrous cap, resulting in plaque
rupture and acute thrombotic occlusion of the vessel [2—4, 10—12]. The underlying
mechanism of the chronic inflammatory process in atherosclerosis is still unknown
in a significant extent. As a possible trigger, several studies have suggested that vari-
ous bacteria and viruses are associated with atherosclerotic diseases, the most clini-
cally significant of which are stroke and coronary artery disease [13—15]. The list of
such infectious agents may include Chlamydia spp., Helicobacter pylori,

A. Kutikhin et al., Viruses and Atherosclerosis, SpringerBriefs in Immunology 4, 1
DOI 10.1007/978-1-4614-8863-7_1, © Springer Science+Business Media New York 2013



2 1 A Hypothesis of Virus-Driven Atherosclerosis

Mycoplasma pneumoniae, Streptococcus pneumoniae, Enterobacter hormaechei,
Borrelia burgdorferi, periodontal microorganisms, cytomegalovirus, Epstein-Barr
virus, hepatitis B and C viruses, herpes simplex virus-1 and -2, enteroviruses,
parvovirus B19, respiratory syncytial virus, measles virus, influenza virus, and
possibly a number of other microorganisms [16].

Certain mechanisms by which viruses may cause atherosclerosis and related
diseases can be suggested:

* Immune-mediated mechanisms performing via either direct or indirect inflam-
mation. Direct inflammation can be caused by virus infecting endothelial cells or
immune cells attracted to the site of endothelial dysfunction (for instance, lym-
phocytes), with further initiation and promotion of atherosclerotic plaque forma-
tion. Indirect inflammation may be caused by virus infecting every other part of
the human body (for instance, liver), with further elevated production of cyto-
kines and acute phase proteins, which may potentiate the inflammation in blood
vessels promoting the development of atherosclerotic plaques. In addition,
viruses may also cause autoimmune conditions via the phenomenon of cross-
reactivity; their antigens may cause immune reaction against the similarly structured
antigens of the host tissues and organs, that may also create the condition of
indirect chronic inflammation;

e Atherotic mechanisms performing via changing of the lipid profile from
favorable/normal to unfavorable due to affection of liver or to other reasons.
Unfavorable lipid profile (high level of total cholesterol, triglycerides and low-
density lipoprotein cholesterol, low level of high-density lipoprotein cholesterol)
increase the risk of atherosclerosis development itself, initiating and promoting
plaque formation;

* Coagulative mechanisms, which are performed by the alteration of coagulative
ability, leading either to atherothrombosis (if it is increased) or to hemorrhage
possibly causing hemorrhagic stroke (if it is decreased). An ability to coagula-
tion may be altered, for instance, due to liver affection;

» Inaddition, viruses may alter gene expression in the infected cells, feasibly caus-
ing higher production of substances promoting plaque formation (for instance,
growth factors or modifiers of extracellular matrix).

In the following chapters, we will consider the role of various viruses in the
development of atherosclerosis and related diseases (for instance, coronary artery
disease, myocardial infarction, and stroke). We will also describe the mechanisms
via which these viruses perform their hazardous activity.
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Chapter 2
The Role of Herpes Simplex Virus-1
and Herpes Simplex Virus-2 in Atherosclerosis

Abstract In this chapter, we discuss a relationship between herpes simplex virus
(HSV) and atherosclerosis. According to the current reports, there are several path-
ways which may lead to the development of HSV-driven atherogenesis. Among
these pathways are alteration of lipid metabolism, prothrombic activity, and expres-
sion of lectin-like oXLDL receptor (LOX-1). In recent decades, multiple epidemio-
logical studies have been conducted in order to reveal HSV in plaques or in serum
of atherosclerotic patients. In addition, a plenty of case-control studies has been
performed to reveal potential correlation between the presence of HSV and a risk of
atherosclerosis and related diseases. After analysis of numerous studies we suggest
that HSV could hardly be the sole causative agent of atherosclerosis; however, its
role may be important as a part of pathogen burden (five or more pathogens).

2.1 Is There a Link Between HSV and Atherosclerosis?

Herpes simplex virus (HSV) is an ubiquitous pathogen which belongs to herpes
virus family, Herpesviridae [1]. The virus exists in two forms, HSV-1 and HSV-2,
which share 50 % homology in DNA sequence [1]. HSV-1 causes fever blisters and
sore cold, and is transmitted through oral contacts, whereas HSV-2 is responsible
for genital herpes and can be transmitted only sexually. Importantly, both HSV-1
and HSV-2 are highly resistant and cannot be fully eradicated from the body; there-
fore, worldwide HSV prevalence is approximately 65-90 % in accordance with the
latest reports [2]. Today, there is substantial basis to suppose that HSV can contrib-
ute to the occurrence and development of atherosclerosis and related cardiovascular
diseases in risk groups (we discuss them below). Multiple studies have been per-
formed in order to clarify whether HSV-1 and HSV-2 are causative agents of athero-
sclerosis; however, these investigations are not structured and scattered. In this
chapter we summarize and discuss existing findings revealing possible correlation
between HSV, atherosclerosis and related diseases.

A. Kutikhin et al., Viruses and Atherosclerosis, SpringerBriefs in Immunology 4, 5
DOI 10.1007/978-1-4614-8863-7_2, © Springer Science+Business Media New York 2013
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In 1975, Blacklow et al. [3] discovered that human aorta cultures support
viability and replication of certain viruses, including HSV-1. This curious observa-
tion initiated further in-depth research in order to elucidate the role of this virus in
the etiopathogenesis of atherosclerosis. In 1983, Benditt et al. [4] found herpes
simplex viral mRNA in arterial plaque cells of patients undergoing coronary bypass
surgery. The authors hypothesized that the presence of HSV in the arterial wall
may lead to intimal hyperplasia, and consequently promote development of athero-
sclerosis. Later, the studies by Minick et al. [S] and Hajjar et al. [6] independently
demonstrated that specific-pathogen-free chickens with Marek’s disease herpesvi-
rus (MDYV, a pathogen that is very similar to HSV) develop chronic atherosclerosis
like that in humans. The authors suggested that MDYV altered metabolism of lipids,
particularly, cholesteryl esters and cholesterol, which consequently led to lipid
accretion and atherosclerosis. Furthermore, enhanced cholesterol and cholesteryl
ester accumulation was observed in cultured avian arterial smooth muscle cells
(SMC), according to the findings by Fabricant et al. [7] and Hajjar et al. [8]. In their
further investigation, Hajjar et al. [9] confirmed that HSV-1 is able to induce lipid
accumulation in human fetal and bovine adult arterial SMC similar, in part, to the
lipid accumulation observed in vivo during human atherogenesis. Moreover, Visser
et al. [10] demonstrated that HS V-infected human umbilical vein endothelial cells
possess prothrombic activity due to enhanced assembly of prothrombinase com-
plex on their surface. Proceeding from this fact, it could be suggested that HSV
may lead to activation of massive coagulation, platelet adherence, and, conse-
quently, atherogenesis. Additionally, Key et al. [11] revealed that HS V-infected
cells have a loss of surface thrombomodulin activity and an increased synthesis of
tissue factor, which also can promote atherosclerotic thrombosis. It is also neces-
sary to mention an interesting investigation by Etingin et al. [12], who proposed
the model that HSV induces endothelial cells surface expression of HSV glycopro-
tein C, which is a binding site for prothrombinase. The authors state that this leads
to the generation of thrombin which, in turn, may activate platelets and subse-
quently result in cell injury, inflammation, and atherogenesis. Recently,
Chirathaworn et al. [13] revealed that HSV infection can lead to the increase
expression of lectin-like oxLLDL receptor (LOX-1) in endothelial cells. Importantly,
LOX-1 has been reported as a potential trigger of early atherosclerosis due to
CD68 expression (1), p38 MAPK activation (2), and decrease in interleukin 10 and
superoxide dismutase expression (3) [14—16]. Futhermore, LOX-1 is considered as
a critical determinant of reactive oxygen species (ROS) formation, inflammation,
and endothelial dysfunction [14—16]. So, this may be yet another pathway of HSV-
mediated atherogenesis. Finally, according to the results by Span et al. [17], infec-
tion of endothelial cell monolayers with HSV-1 results in an increased monocyte
and polymorphonuclear leukocyte adherence, which also may indicate the role of
this virus in atherosclerosis. Thereby, all the above-mentioned findings strongly
support the hypothesis that HSV may be a causative agent of atherosclerosis, and
consequently, lead to the occurrence and development of various cardiovascular
diseases (CVDs).
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2.2 Evidence from Epidemiological Studies

When it has become clear that HSV can contribute to atherosclerosis, a plethora of
epidemiological studies have been conducted. In 1984, Gyorkey et al. [18] detected
virions of the Herpesviridae family in SMC and rare endothelial cells in proximal
aorta of 10 atherosclerotic patients out of 60. A series of studies by Yamashiroya
et al. [19, 20] revealed presence of HSV-2 antigen and genome in coronary arteries
and the thoracic aorta of 8 of 20 subjects without any CVD, and in coronary arteries
of 2 of 4 patients with severe atherosclerosis. Importantly, the majority of virus-
positive cases had early or advanced atheromatous changes, including lymphocytic
infiltrates [19]. In 1992, Jackel et al. [21] examined endomyocardial biopsy speci-
mens from 29 German patients who received an orthotopic heart transplant, and
revealed that herpesviral nucleic acids were detected in 25 % of all biopsies. Sorlie
et al. [22] conducted a large-scale case-control study, which included 340 patients
with early atherosclerosis (thickened carotid artery) and 340 matched controls with-
out a history of CVD. The authors found that the odds ratios for atherosclerosis risk
were 1.41 (P=0.07) and 0.91 (P=0.63) for HSV-1 and HSV-2, respectively. When
adjustment for potential confounders was performed, the odds ratios were 1.21 for
HSV-1 (P=0.45), and 0.61 (P=0.5) for HSV-2. Although the results did not reach
statistical significance, these findings suggest that presence of HSV-2 appears pro-
tective in relation to atherosclerosis risk. At the same time, possession of HSV-1
was associated with a 20 % increased atherosclerosis risk. Thereby, according to the
results by Sorlie et al. [22], HSV-1 and HSV-2 have different impacts on the risk of
occurrence of atherosclerosis for some unknown reasons. In contrast to these data,
Raza-Ahmad et al. [23] demonstrated that 45 % of patients undergoing coronary
artery bypass grafting were positive for antigen to HSV-2 and only one to HSV-1,
which may possibly indicate the greater role of HSV-2 in the atherogenesis.
However, it is necessary to note that only 31 subjects were enrolled in this study, and
therefore these results should be interpreted with caution. Chiu et al. [24] demon-
strated that HSV-1 serum antibodies were presented in 8 of 76 patients with signifi-
cant carotid artery stenosis (>60 % narrowing of the lumen). Notable, the authors
did not investigate prevalence of HSV-2 in this study. Interesting results were
achieved by Espinola-Klein et al. [25], who enrolled 504 subjects suffered from
various CVDs to measure intima-media thickness (IMT) and the elastic pressure
modulus as markers of early atherosclerosis. After evaluation of prevalence of HSV
types 1 and 2 in the study group, the authors found that there was a significant eleva-
tion of IgG antibodies against HSV-2 in subjects with increased carotid IMT
(P<0.0001). Moreover, the authors indicated a significant increase in IgG antibody
levels against HSV-2 in patients with advanced carotid atherosclerosis, compared to
healthy individuals (P <0.04). However, these data were no longer significant after
adjustment for several confounders, such as age, gender, coronary artery disease,
peripheral artery diseases, and cardiac risk factors. Additionally, the authors failed
to find any associations regarding the HSV-1. It is important to note that further
investigations by Espinola-Klein et al. [26] revealed that presence of HSV-2, but not



8 2 The Role of Herpes Simplex Virus-1 and Herpes Simplex Virus-2 in Atherosclerosis

HSV-1, is strongly associated with advanced atherosclerosis (P <0.02). This effect
was more evident after adjustment for age, sex, and cardiovascular risk factors [26].
Notably, the results by Espinola-Klein et al. [26] are consistent with findings by
Raza-Ahmad et al. [23], suggesting a greater impact of HSV-2 in the development
of atherosclerosis. However, in contrast to these studies, Watt et al. [27] failed to
detect the presence of HSV-2 in carotid artery of 18 atherosclerotic patients, and the
DNA of HSV-1 was identified only in 3 of 18 samples. Shi and Tokunaga [28]
examined the presence of HSV-1 in 10 Japanese patients with atherosclerotic aorta
and in 23 patients with non-atherosclerotic aorta. The authors reported that non-
atherosclerotic tissues were tested positive for HSV-1 in 13 % (three) of subjects,
and atherosclerotic aortic tissue was tested positive for HSV-1 in 80 % (eight).
Ibrahim et al. [29] analyzed viral DNA of HSV-1 in 48 biopsies from atherosclerotic
plaques extracted by end-arterectomy and in tissue from non-atherosclerosis vessels
from 66 controls. The authors found that HSV-1 DNA was detected significantly
more frequently in plaques (35 %) than in control veins (9 %, P=0.006).
Nevertheless, the frequency of HSV-1 DNA detection in the internal mammary
artery grafts was as high as in plaques (22 %, P=0.28). Importantly, the authors
failed to reveal the presence of HSV-2 neither in cases nor in controls. Furthermore,
Muller et al. [30] analyzed serum antibody titers of 109 consecutive German
patients, who underwent surgery for high-grade internal carotid artery stenosis.
Although seropositivity for HSV was found in 97.1 % of patients, plaque-PCR
revealed viral DNA only in two subjects (3.9 %).

Interestingly, some data show that HSV can be prevalent in speciemens collected
from healthy donors. Reszka et al. [31] reported that HSV DNA was found in 27 of
40 (67.5 %) and 17 of 20 (85 %) aortic wall specimens from Polish atherosclerotic
patients and healthy controls, respectively. It is also noteworthy to mention a series
of studies showing negative results. Kwon et al. [32] failed to detect HSV either in
carotid artery of 128 Korean patients with atherosclerosis or in carotid artery of 20
normal arterial wall samples, obtained from transplant donors with no history of
CVDs. Similarly, Skowasch et al. [33] revealed HSV neither in carotid artery of 21
German individuals with symptomatic in-stent restenosis nor in carotid artery of 20
subjects with stable angina. Voorend et al. [34] was unable to establish the presence
of HSV-1 DNA in large vessel samples of 19 Dutch patients who died from various
causes, but who all had signs of atherosclerosis in at least one of the cerebral arter-
ies, varying from intima fibrosis to fully developed atherosclerotic plaques with
calcifications. According to the findings by Hagiwara et al. [35], only 2 Japanese
patients out of 50 had HSV DNA in atherosclerotic plaques extracted from carotid
artery. Tremolada et al. [36] reported that genomic sequence of HSV-1 was not
found in atherosclerotic plaques from carotid arteries obtained from 17 Italian
patients. Altun et al. [37] did not detect positivity for nucleic acids of either HSV-1
or HSV-2 neither in coronary arteries extracted from 28 Turkish patients suffering
from atherosclerosis nor in vein samples of 22 control subjects of the same ethnic-
ity. Finally, no statistically significant relationships were obtained between the pres-
ence of HSV and either carotid intima-media thickness or coronary calcium
prevalence in a large-scale population-based cohort study by Szklo et al. [38]
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including 1,056 mixed US patients who were free of prevalent CVD. Moreover,
even multiple adjustments did not change these patterns, although 85 % of enrolled
subjects were positive for HSV.

2.3 Evidence from Cardiovascular Events

Apart from epidemiological studies concerning with determination of viral DNA in
patients at different stages of atherosclerosis, there is accumulating evidence from
case-control studies focused on detection of HSV in subjects who underwent car-
diovascular events, such as stroke, myocardial infarction, etc. Negative results were
reported by Ridker et al. [39], who conducted a large-scale, prospective study to
determine the baseline prevalence of antibodies directed against HSV in 643 US
men who subsequently developed a first MI or thromboembolic stroke and among
643 age- and smoking-matched men who remained free of reported vascular disease
over a 12-year follow-up period. The authors found no evidence of any positive
association for HSV prevalence, as the seropositivity was almost identical for cases
and controls (69.0 % and 69.4 %, respectively). Moreover, the risk estimates were
not substantially changed in multivariate analyses controlling for baseline differ-
ences in body mass index, blood pressure, hyperlipidemia, diabetes, or family his-
tory of premature atherosclerosis. Stratification by smoking status and the presence
or absence of other cardiovascular risk factors also did not change the results signifi-
cantly. In contrast to this study, Roivainen et al. [40] demonstrated that high level of
antibodies against HSV-1 is a risk factor for future coronary events in a prospective
cohort of 241 Finnish middle-aged dyslipidemic men who undergone either myo-
cardial infarction or coronary death during the 8.5-year period of time. The authors
reported that high antibody levels were associated with a two times increased risk of
cardiovascular event in comparison with those possessing low antibody levels.
Moreover, simultaneous occurrence of high C-reactive protein (CRP) and high
HSV-1 levels resulted in 25-fold increased risk. As CRP is a mediator and marker of
systemic inflammation, the authors suggested that their findings may support the
hypothesis that inflammatory reaction can be the major factor in the occurrence and
development of atherosclerosis. Likewise, Sisckovick et al. [41] revealed that the
presence of IgG antibodies to HSV-1 was associated with two times increased risk
of MI and CHD death. Notably, these results were achieved after adjustment for
age, sex, cigarette smoking, diabetes, hypertension, HDL cholesterol, BMI, physi-
cal activity, and years of education. Rupprecht et al. [42] examined 78 German
patients with CHD dead due to cardiovascular causes and 932 subjects with CHD
survived for 4 years. The authors revealed that seropositivity to HSV-2 was signifi-
cantly more frequent in subjects who dead in 4 following years, as compared to
survivors. After adjustment for age, sex, smoking status, diabetes, HDL cholesterol,
number of stenoses, invasive treatment, antihypertensive treatment and statin intake
at enrollment, the risk for future cardiac death increased by two times. At the same
time, no positive results were obtained for HSV-1 in this study. Interestingly, the
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authors indicated that HSV status was predictive of future cardiovascular events
irrespective of the CRP level, which suggests that it may contribute to the athero-
sclerosis independent of an inflammatory response. The similar study was con-
ducted by Zhu et al. [43], who followed up 890 mixed US patients suffering from
CHD for 3 years. The authors demonstrated that seropositivity to either HSV-1 or
HSV-2 was associated with 50 % increased risk of MI or death after adjustment for
age, sex, number of vessels, presentation, diabetes, smoking, hyperlipidemia, hyper-
tension, renal failure, and family history of CHD. Sun et al. [44] examined presence
of HSV-2 among 488 Chinese patients with essential hypertension and among 756
normotensive subjects. After adjustment for age, male sex, smoking status, body
mass index, dyslipidemia, diabetes and CHD, the authors revealed that carriers of
HSV-2 have a 40 % increased risk for development of hypertension. Pesonen et al.
[45] demonstrated an association between the presence of HSV and CHD risk
among 335 Swedish subjects with unstable angina and MI. Elkind et al. [46]
revealed that the presence of either HSV-1 or HSV-2 increases the risk of ischemic
stroke by 35-60 % (1,625 mixed US subjects were followed-up for 7 years).
Nikolopoulou et al. [47] reported that 150 Greek patients with CHD were more
likely to have anti-HSV IgG in comparison with 49 healthy individuals.

Interestingly, series of studies provide evidence that precisely HSV-1 but not
HSV-2 play an important role in the modulation of CVD risk. First, Kis et al. [48]
demonstrated statistically significant associations between the presence of HSV-1,
but not HSV-2, and almost fourfold increased ischemic stroke risk in 111 Hungarian
subjects. Likewise, Jafarzadeh et al. [49] indicated a correlation between the pres-
ence of HSV-1, but not HSV-2, and threefold elevated risk of CHD and MI in 120
Iranian subjects as compared to 60 healthy controls. Similarly, Georges et al. [50]
observed a 90 % increased risk of acute MI and angina among 991 German patients
after adjustment for age, sex, body mass index, smoking status, diabetes, hyperten-
sion and high-density lipoprotein cholesterol level.

Finally, nine case-control studies obtained null results evaluating the impact of
HSV on various cardiovascular events. Rothenbacher et al. [51] assessed the asso-
ciation between seropositivity to HSV and CHD in 312 patients with angiographi-
cally proven CHD and in 479 age and sex matched controls. The authors found
statistically significant association between the seropositivity for HSV and CHD,
but these associations became insignificant after adjustment for a variety of poten-
tial confounders. Similarly, no positive associations were observed in the findings
by Heltai et al. [52], Sheehan et al. [53], Schlitt et al. [54], Lenzi et al. [55], Guan
et al. [56, 57], Al-Ghamdi [58], Mundkur et al. [59], and Prasad et al. [60].

2.4 Discussion

More than 25 years have passed since HSV began to be studied as a potential etio-
logic agent of atherosclerosis. The intensive research in this field, specifically in
recent years, is very remarkable. Multiple epidemiological, biological and clinical
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studies have been conducted in order to shed the light on this intriguing issue
(Tables 2.1 and 2.2). Some investigators reveal positive associations while others do
not. In this chapter we accumulate and generalize current data devoted to this topic.
The majority of findings do not support the suggestion that HSV may contribute to
the increased risk of atherosclerosis and related diseases. A lot of case-control stud-
ies demonstrated that the risk of CVDs was increased in HSV-positive individuals,
but many investigations obtained null results as well. Moreover, in order to establish
a positive correlation, viruses should be detected in the significant share of plaques
from atherosclerotic species; however, they were actually found in single cases. It
should be also noted that the results do not differ significantly in various ethnicities
and populations. Therefore, despite there being some fundamental mechanisms that
indicate HSV may lead to occurrence and progression of atherosclerosis (Fig. 2.1),
current data are unable to demonstrate any reliable and firm connections.
Unfortunately, the results achieved by the majority of studies are difficult to inter-
pret due to revealing of only HSV-1 or HSV-2 in these investigations. Moreover, the
authors sometimes did not specify which type of virus they determined in their
study. Because of this, it is hard to identify which type of HSV may play a greater/
less role in the etiology of atherosclerosis and related diseases, although series of
studies indicate the major role of HSV-1. It is also important to note that currently
there are no published meta-analyses devoted to this issue, and their appearance
may help to clarify the issue.

There are two hypotheses explaining the presence of a virus in an atherosclerotic
plaque. The first hypothesis suggests that one and only pathogen is involved in the
development of atherosclerosis, such as Helicobacter pylori promotes gastritis and
gastric ulcer. The second one states that several (more than one) bacterial or viral
agents may collectively result in atherogenesis. According to the Tables 2.1 and 2.2
it is hardly possible that HSV may be the sole causative agent of atherosclerosis;
therefore, the first hypothesis is not applicable for HSV. Hereby, the second hypoth-
esis seems more reliable, as the studies by Watt et al. [27], Mundkur et al. [59],
Georges et al. [50], Zhu et al. [61], and Prasad et al. [60] demonstrate that pathogen
burden (=5 pathogens, including HSV) is an independent risk factor for CVD risk.

Additionally, several important features of study organization can be proposed
for the credible determination of the possible association of HSV with atherosclero-
sis and related diseases. First, case-control and cohort studies should be conducted
in different populations and ethnicities. Second, the research devoted to the immune
or atherogenic mechanisms of the viral impact on atherosclerosis development
should be performed in order to clarify interactions between virus-related mecha-
nisms and other mechanisms of atherosclerosis. Third, studies should investigate
both HSV types 1 and 2, to see the potential differences in the effect of these patho-
gens on atherogenesis. Fourth, it is feasible to perform a meta-analysis of all of the
above-mentioned studies in order to clarify common patterns of the impact of HSV.
To conclude, we suggest there is no substantial basis to assume that HSV directly
promote atherosclerosis and related diseases; nevertheless, as a part of pathogen
burden, it’s role may be significant. Perhaps, further studies will determine the exact
mechanisms and associations between HSV and CVDs.
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2 The Role of Herpes Simplex Virus-1 and Herpes Simplex Virus-2 in Atherosclerosis
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Fig. 2.1 Mechanisms of HSV-driven atherosclerosis
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Chapter 3
The Role of Epstein-Barr Virus
in Atherosclerosis and Related Diseases

Abstract A hypothesis of the possible role of Epstein-Barr virus (EBV) in the
etiology of atherosclerosis has been proposed almost 30 years ago. The possible
mechanisms of this connection can include induction and/or promotion of the pro-
liferation of artery wall intimal smooth muscle cells by inflammatory injury or
induction of genomic alterations leading to clonal expansion of intimal smooth
muscle cell populations. In this review, we analyzed the feasible association between
EBYV and atherosclerosis. The results of certain investigators support the point of
view that EBV-infection may influence the development of atherosclerosis; how-
ever, the majority of studies disprove this hypothesis. Almost all the studies where
the positive association was found should not be established as entirely credible.
Moreover, contradicting results were observed even in the same populations that
refutes the hypothesis about the population dependence on the association between
EBYV and atherosclerosis. On the whole, the situation with the feasible association
between EBV and atherosclerosis seems to be following: albeit there is a number of
basic mechanisms supporting this hypothesis, current epidemiological data do not
evidence in favor of this association. At the moment, it is not possible to establish
EBYV as a probable causative agent of atherosclerosis until reliable epidemiological
studies devoted to the problem will confirm this hypothesis.

3.1 Epstein-Barr Virus and Atherosclerosis: Published Data
from Basic and Epidemiological Investigations

Epstein-Barr virus (EBV, human herpesvirus-4, HHV-4) is a member of the
y-herpesvirus family, identified by Epstein and Barr in 1964 [1]. Subsequent studies
showed that it is the causative agent of infectious mononucleosis, and over 90 % of
the worldwide population is asymptomatically infected by EBV [2, 3]. EBV infects
both B cells and epithelial cells, and intermittent reactivation and virus replication
in the oro- and nasopharyngeal epithelial cells provide the spreading of EBV

A. Kutikhin et al., Viruses and Atherosclerosis, SpringerBriefs in Immunology 4, 21
DOI 10.1007/978-1-4614-8863-7_3, © Springer Science+Business Media New York 2013



22 3 The Role of Epstein-Barr Virus in Atherosclerosis and Related Diseases

infection and latent infection in B lymphocytes [2, 3]. The infection is usually self-
limited and controlled by the strongly elevated T cell immune response [4]. If the
infection occurs in adolescence or adulthood, up to 50 % T cells in the host can be
specific to the virus, which may cause the clinical symptom of infectious mononu-
cleosis [4]. EBV then persists latently in the host within long-life memory B cells
[4]. EBV has also been demonstrated in T and NK cells proliferating monoclonally
or oligoclonally in a group of diseases including chronic active EBV infection and
EBV-associated hemophagocytic lymphohistiocytosis [5—7]. In addition, EBV may
infect endothelial cells [8], fibroblasts [9] and dendritic cells as well [10].

The underlying mechanism of the chronic inflammatory process in atherosclero-
sis is still unknown in a significant extent. As a possible trigger, several studies have
suggested that various viruses and bacteria are associated with atherosclerotic dis-
eases. Benditt et al. [11] were one of the very first who searched the possible role of
viruses in the etiology of human atherosclerosis. In their pioneer study, they inves-
tigated the presence of viral genomes in arterial tissues by the method of in situ
hybridization. Based on the fact that chickens infected with Marek disease virus, a
herpesvirus, suffered from atherosclerotic lesions after infection, they focused on
the possible presence of herpesviruses in human artery wall tissue, particularly, in
atherosclerotic samples. The authors used herpesvirus probes on aortic wall speci-
mens removed from patients undergoing coronary bypass surgery. They found her-
pes simplex viral mRNA in 13 specimens. Importantly, in certain cases the samples
represented early stages of atherogenesis. In addition, the authors have also demon-
strated that herpes simplex virus can infect human fetal smooth muscle cells in
culture. However, Epstein-Barr virus (EBV) genome has not been observed in any
of the specimens. In this paper, the authors proposed a hypothesis that herpesviruses
(and possibly EBV) can induce and/or promote proliferation of artery wall intimal
smooth muscle cells by inflammatory injury or cause genomic alterations leading to
clonal expansion of intimal smooth muscle cell populations. According to their
point of view, a hypothesis of the viral etiology of atherosclerosis may explain sev-
eral features in the occurrence of atherosclerosis and thrombosis: intimal cell prolif-
eration in the absence of certain common risk factors, the clonal nature of cell
populations observed in many human atherosclerotic lesions, a large genetic deter-
mination of the atherosclerosis risk, and the role of certain environmental factors in
atherosclerosis development. Likewise, Yamashiroya et al. [12] did not detect EBV
nucleic acids and capsid antigen in the arteries of 20 young trauma victims with
frequent atheromatous lesions using in situ DNA hybridization and ABC immuno-
peroxidase methods, respectively.

However, the hypothesis about the role of one of the most important herpesvi-
ruses, EBV, in the development of atherosclerosis was still alive, and some research
groups have made an effort to find the association between EBV and atherosclerosis.
In 1990, Musiani et al. [13] evaluated the immune response against EBV-induced
antigens in the sera of 36 Italian patients with atherosclerosis and 36 matched con-
trols, revealing significantly higher titres of EBV-specific antibodies and a significant
increase in EBV-reactivated infections in the case group. So, they were the first who
detected a positive connection between EBV and atherosclerosis. Nevertheless, the
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sample size was relatively small, and the prevalence of EB V-infection between cases
and controls did not vary significantly. Three years later, Straka et al. [14] assessed
coronary artery lesions in 43 Czech patients surviving for more than 3 months after
heart transplantation. The authors detected lesions in 40 % of subjects (17 out of 43)
and revealed an association with previous EB V-infection. Nonetheless, there was no
control group in this study, that limits its reliability. In the same year, Delneste et al.
[15] demonstrated the possibility of production of anti-endothelial cell antibodies by
co-culture of EBV-infected human B cells with endothelial cells. Nevertheless, the
subsequent study by Tanaka et al. [16] did not detect viral DNA and RNA in 37 ath-
erosclerotic aneurysms and 16 normal aortic samples.

For the long 5 years there were no investigations in the discussing field, and pos-
sibly, it can be explained by the implausibility of the hypothesis. Only in 1999,
EBV-containing T cells have been unexpectedly demonstrated in atherosclerotic
abdominal aneurysms by Luo et al. [17]. Later, Horvath et al. [18] tested a possible
role of EBV in the development of atherosclerosis in 244 Czech patients with isch-
emic heart disease (IHD) and 87 non-ischemic controls. In this investigation, DNA
of EBV was detected in 59 % and 50 % of arterial walls of cases and controls,
respectively. In addition, viral DNA was absent in venous samples. However, the
differences between cases and controls were not statistically significant. In the pro-
spective study, conducted by Rupprecht et al. [19] in German population, the influ-
ence of prior infection to EBV on the course of atherosclerosis was found (measured
in IgA antibodies), showing the strongest association of all single pathogens with
future events [(27.8 % in 78 patients who dead from cardiovascular causes and only
13.8 % in 932 survivors, mean follow-up 3.1 years, HR=2.8 (1.5-5.0) adjusted
P=0.001)]. The authors suggested that infection-induced autoimmune responses
may contribute to the development of atherosclerosis, and EBV may be a candidate
trigger, since virus-induced antigens are part of B-cell membranes and thence may
stimulate activity of T-cells. The similar results have been obtained in another pro-
spective study by Espinola-Klein et al. [20], who studied 504 German patients with
carotid atherosclerosis (mean follow-up 2.5 years) measuring intima-media thick-
ness and prevalence of carotid artery stenosis. In this investigation, a positive cor-
relation between anti-EBV IgA seropositivity and progression of atherosclerosis
was observed [(12.6 % in 311 patients with no progression, 18.9 % in 116 individu-
als with progression of atherosclerosis, adjusted OR=1.40 (1.08-2.68), P=0.01].
However, in another prospective study by the same authors [21], based on 572
German patients with atherosclerosis (mean follow-up 3.2 years), they failed to
replicate their previous results [adjusted OR of advanced atherosclerosis =0.89
(0.73-1.30), P=0.21].

Studies demonstrating a positive association between EBV and atherosclerosis
stimulated an emergence of numerous investigations in the field by various research
groups in different countries. Shi and Tokunaga [22] investigated the presence of
viral DNA in aortic tissues from 10 atherosclerotic and 23 non-atherosclerotic aortic
tissues collected from Japanese patients. In the case group, 8 out of 10 tissue sam-
ples (80 %) were EBV-positive, compared to only 3 out of 23 (13 %) in the control
group. Authors detected viral DNA in cells of the upper part of the non-atherosclerotic
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aortic wall, and EBV nucleic acids were detected more extensively in atheroscle-
rotic lesions in comparison with non-atherosclerotic tissue. Although the results
were positive, the sample size was insufficient; therefore, this study could not be
established as a substantive evidence of the association between EBV and athero-
sclerosis. In contrast, De Backer et al. [23] found no difference in prevalence of
serum antibodies to EBV in 446 Belgian patients with coronary heart disease and in
892 age-, educational level- and industry-matched controls. In addition, Khairy
et al. [24] did not find an association between chronic EB V-infection (measured by
anti-EBV nuclear antigen) and endothelial dysfunction (measured by flow-mediated
brachial vasodilation) in 65 Canadian male subjects with no risk factors or known
coronary artery disease. Moreover, no dose-response trends between serum titers
and endothelial function were found. Similar to these investigations, Pitiriga et al.
[25] in Greece revealed no difference in EBV seropositivity and elevated blood
pressure in 146 sustained hypertensives defined by 24 h ambulatory blood pressure
monitoring and 54 normotensives. In their second study [26], they found no associa-
tion of EBV seropositivity and carotid intima-media thickness in 340 subjects
underwent 24-h ambulatory blood pressure (BP) monitoring, clinic BP measure-
ments, and ultrasound carotid measurements. Andrie et al. [27] evaluated the inti-
mal presence of EBV in human coronary atheroma, and they also assessed the effect
of EBV-infection on the expression of hHSP60, one of the key proteins in immune-
mediated pathogenesis of atherosclerosis. The authors collected 53 lesions in
German patients with acute coronary syndrome and stable angina, revealing the
presence of EBV proteins in 42 %. In addition, the presence of EBV was associated
with the expression of hHSP60. However, the control group was absent in this study.

In the following years, a number of research groups did not reveal an association
between EBV and atherosclerosis. For instance, Kwon et al. [28] did not find EBV
DNA in atherosclerotic plaques from 128 Korean patients with atherosclerosis and
from 20 arterial wall samples from the control group. Ibrahim et al. [29] in Syria
assessed the presence of EBV DNA in 48 atherosclerotic plaques and in non-
atherosclerotic vessels from the same patient (23 internal mammary arteries, 43
saphenous veins), founding EBV DNA only in 2 % of plaques. In the study by
Lobzin et al. [30], who recruited 64 Russian patients with coronary artery disease
and 38 healthy controls, diagnostically significant elevation of the serum levels of
EBV-specific IgG antibodies was not associated with coronary artery disease pro-
gression. Schlitt et al. [31] found EBV DNA only in 9 out of 184 German patients
with coronary artery disease and in 2 out of 52 healthy controls, and this difference
was not significant. According to the study carried out in Italy by Lenzi et al. [32],
there is no difference between EBV prevalence (measured by ELISA, IgG anti-EBV
antibodies) in patients suffering from coronary artery disease (80 subjects) and
healthy controls (160 subjects, in both cases the share of EBV-positive individuals
was 92.5 %). Altun et al. [33] did not detect EBV DNA in atherome plaque samples
from 28 Turkish patients with atherosclerotic heart disease but observed it in 2 out
of 22 vein samples from the controls who had other vascular diseases. Bayram et al.
[34] did not find EBV nucleic acids in 30 Turkish atherosclerotic and 30 non-ath-
erosclerotic vascular samples from patients with coronary artery disease. Tremolada
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et al. [35] detected EBV DNA only in 3 out of 17 atherosclerotic plaques from
carotid arteries of 17 patients, and Valmary et al. [36] in France were unsuccessful
to detect the presence of EBV nucleic acids and proteins in 34 lungs explanted from
19 patients with end-stage pulmonary arterial hypertension.

However, certain basic studies sustained the hypothesis about the possible role of
EBV in atherosclerosis. In the investigation by de Boer et al. [37], viral DNA was
found in 15 out of 19 tissue samples (79 %). In addition, they revealed that EBV-
specific cytotoxic T-cells can also be frequently observed in human atherosclerotic
plaques (11 out of 19 samples, 58 %) and suggested that a T-cell response against
EBV may play a role in the plaque inflammation. The authors demonstrated that
EBV-specific T-cells were generated at the site of the plaque, affirming that a local
EBV-specific T-cell response can contribute to the inflammatory process presumably
related to the EB V-infected macrophages. This study provided a probable basis for
the EBV-induced initiation of pro-atherogenic inflammatory response. It is also
known that EBV infection may lead to the induction of NF-kB signaling pathway
due to the activity of the membrane protein LMP-1 [38]. In addition, EBV can stimu-
late macrophages to produce the macrophage inflammatory protein-1, attracting B
and T lymphocytes to the site of inflammation [39]. The research group of Waldman
et al. [40] found that EBV-encoded dUTPase stimulated monocytes/macrophages to
upregulate the expression of TNF-a through a NF-kB mechanism, promoting the
upregulation of the surface expression of VCAM-1 and ICAM-1 (inflammation-
associated endothelial adhesion molecules) and an upregulation of IL-6. According
to these data, EBV may induce an inflammatory cascade. The significant association
of BDI depression scores with antibody titers to the EBV-encoded dUTPase together
with the significant relationship between plasma IL-6 levels and neutralizing anti-
body titers to the EBV-encoded dUTPase supports a connection of depressive symp-
toms, EBV reactivation, and the upregulation of proinflammatory cytokine synthesis
such as IL-6, a well-known atherosclerosis risk factor [41]. Kempe et al. [42] assessed
the expression of Epstein-Barr virus-induced gene 3 (Ebi3) in human atheromatous
lesions and evaluated its transcriptional regulation in vascular cells. Smooth muscle
cells of human endarterectomy specimens expressed Ebi3 as well as the IL-27alpha/
p28 and IL-12alpha/p35 subunits. Primary aortic smooth muscle cells overexpressed
EDbi3 in response to proinflammatory stimuli such as TNF-a and IFN-y. The authors
proposed a possible role of the Ebi3 in the atherogenesis either as homodimer or as
IL-27/IL-35 heterodimer, suggesting that it may be an interesting therapeutic target
for atherosclerosis treatment (IL-27 and IL-35 regulate T cells proliferation and dif-
ferentiation, so they can be important regulators of atherosclerotic plaque formation
as well). Apostolou et al. [43] evaluated the effects of EBV infection on lipid and
lipoprotein pattern in 29 patients with infectious mononucleosis and in 30 controls.
The level of total cholesterol, high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, apolipoproteins (apo) A-I, B, C-III, and lipoprotein (a) was lower
at baseline, whilst apoB/apoA-I ratio, triglyceride levels and cholesteryl-ester trans-
fer protein activity were elevated in comparison with 4 months later. At baseline,
higher levels of cytokines and the cholesterol concentration of small-dense low-den-
sity lipoprotein particles were observed, whereas low-density lipoprotein particle
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size was lower compared with follow-up. Activities of lipoprotein-associated phos-
pholipase A2 and PON1 were similar at baseline and 4 months later. Four months
after the resolution of myocardial infarction levels of triglycerides, apoE, apoC-III,
lipoprotein (a), cholesterol concentration of small-dense low-density lipoprotein par-
ticles and cytokines as well as low-density lipoprotein particle size, apoB/apoA-I
ratio, cholesteryl-ester transfer protein and Lp-PLA2 activities were similar to con-
trols. PON1 activities both at baseline and 4 months later were lower in patients
compared with controls. So, authors found that infectious mononucleosis is associ-
ated with atherogenic changes of lipids and lipoproteins that can be partially restored
4 months after its resolution.

In addition, Andrie et al. [44] found the presence of EBV by immunohistochem-
istry in 40 % of coronary atherectomy specimens from 60 primary lesions of 35
patients with acute coronary syndrome and 25 patients with stable angina and evalu-
ated the presence of EBV by immunohistochemistry. In addition, they revealed in
atherosclerotic lesions an increased expression of C-reactive protein, tissue factor,
and hHSP60, which was associated with the number of infectious pathogen.
However, this study was carried out without the group of control. Al-Ghamdi [45]
assessed the levels of anti-EBV IgG antibodies among 75 patients with atheroscle-
rotic vascular diseases and 15 healthy controls. He also evaluated the association of
the level of these antibodies with features of lipid profile and level of high-sensitive
C-reactive protein (hsCRP) in these patients. There were no significant differences
regarding the presence of EBV-specific IgG antibodies among cases and controls,
but the level of these antibodies was significantly elevated among patients with ath-
erosclerotic vascular diseases. However, there was no significant correlation
between the level of virus-specific IgG antibodies and lipid profile or hsCRP. All
studies devoted to the problem of the association between EBV and atherosclerosis
are summarized in Table 3.1.

3.2 Discussion

The question whether EBV is a possible cause of atherosclerosis remains obscure.
As it can be seen from Table 3.1, the results of certain investigators support the point
of view that EBV-infection may influence the development of atherosclerosis, but
the majority of studies disprove this hypothesis. In this section, we will try to solve
this discrepancy. First, it is important to note that the sample size in most of the
investigations was relatively small, generally not exceeding 200 participants, and
this limits the statistical power of these studies. Possibly, if the samples would be
larger, the results could be different, and at least a few large prospective or retro-
spective studies are necessary for the objective view on the problem. Second, the
methods used in different investigations vary significantly, from genomic (usually
PCR, real-time PCR, or in situ hybridization) to proteomic (usually ELISA or
microimmunofluorescence). Even within proteomic methods, various antibodies
can be determined, either IgG or IgA (and IgM in rare cases), and it also affects the
study results. For instance, the prevalence of EBV-infection according to the
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detection of anti-EBV IgG antibodies varied from 92.5 to 100 % in cases and from
92.5 to 97.7 % in controls, whilst according to the detection of anti-EBV IgA anti-
bodies it varied from 18.9 to 27.8 % in cases and from 12.6 to 13.8 % in controls.
According to the PCR detection of EBV nucleic acids, the prevalence of EBV-
infection varied from 0 to 80 % in cases and from O to 50 % in controls. The positive
association of EBV with atherosclerosis was demonstrated in six studies with
clearly defined case and control groups. However, in four of them only proteomic
methods (detection of IgG or IgA anti-EBV antibodies in serum by ELISA or
microimmunofluorescence) were used, and the only sample source was serum. In
two out of these four studies differences in prevalence of IgG anti-EBV antibodies
between cases and controls were not statistically significant (only the titres of IgG
antibodies were higher in the case group), and in other two studies the differences
between prevalence of anti-EBV IgG antibodies were also not significant (only dif-
ferences in prevalence of IgA antibodies were significant; nevertheless, it just shows
the insufficient sensitivity of the IgA antibodies). In one study, sample source and
methods were not defined (article in Czech), and only in one study the positive
association was revealed by application of genomic methods (PCR, in situ hybrid-
ization) using arterial specimens as a sample source. However, the sample size in
this study was very low (10 cases and 23 controls), and it limits its robustness in a
significant extent. So, all six studies with clearly defined case and control groups
where the positive association between EBV and atherosclerosis was found raise
questions in their reliability. Studies without control group can not be represented as
an evidentiary standard, even if a possible positive association was detected. So,
almost all the studies where the positive association was found should not be estab-
lished as entirely credible. Third, it is possible that differences in populations may
also affect an impact of EBV on the development of atherosclerosis. However, there
is no consistent pattern in the distribution of positive results between distinct conti-
nents (4 in Central Europe, 1 in Japan, and 1 in Saudi Arabia), and negative results
were also widely distributed among continents (3 in North America, 11 in Europe,
2 in Korea and Japan, and 1 in Syria). Even in the same country contrary results
have been obtained (Germany, Italy, Japan) that refutes the hypothesis about the
population dependence on the association between EBV and atherosclerosis.

On the whole, the situation with the feasible association between EBV and ath-
erosclerosis seems to be following: albeit there is a number of basic mechanisms
supporting this hypothesis, the data from numerous epidemiological studies do not
evidence in favor of this association. It is also obvious that it is not possible to estab-
lish EBV as a probable causative agent of atherosclerosis until reliable epidemio-
logical studies devoted to the problem will confirm this theory. Additional
fundamental investigations analyzing existing and novel mechanisms of EBV-
related atherosclerotic plaque formation are also desirable.

At the moment, it is unlikely that EBV may be an established cause of athero-
sclerosis, but the ground for speculations on this question still exists. Only future
fundamental and epidemiological investigations may give an eventual answer and
solve the problem. However, if EBV is a real cause of atherosclerosis, potential anti-
EBYV vaccines may reduce atherosclerosis incidence in the following decades.
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Chapter 4

The Role of Enteroviruses, Parvovirus B19,
Respiratory Syncytial Virus, and Measles
Virus in Atherosclerosis and Related Diseases

Abstract The current chapter is aimed to accumulate and discuss existing data on
possible association of enteroviruses, parvoviruses, respiratory syncytial virus, and
measles virus with atherosclerosis and related diseases. It seems to be that the
association of enterovirus infection with atherosclerosis and related diseases is
population-dependent. In addition, the evidence that enterovirus genome was
detected in the arterial atherosclerotic plaques and endomyocardial tissues by three
different research groups in Korea and France may also testify about the association
between this virus and atherosclerosis. With respect to other viruses, the results are
very scarce, and a number of further investigations is definitely required for the
detailed analysis of its role in the etiopathogenesis of cardiovascular diseases.
However, parvovirus B19 was detected in arterial specimens of the patients suffered
from myocardial infarction. In relation to measles virus, even the opposite (anti-
atherosclerotic) effect is admissible.

4.1 Enteroviruses

Enterovirus infections are a significant cause of morbidity and mortality all over the
world. The original classification of enteroviruses divided them into the four groups:
polioviruses, Coxsackie A viruses, Coxsackie B viruses, and ECHO (Enteric
Cytopathic Human Orphan) viruses. A large number of circulating strains in human
populations suggested a potential role for these viruses in the development of a
number of diseases [1].

The importance of enteroviruses, mainly those of the Coxsackie group, as possible
causes of various cardiovascular diseases has been studied from the mid-1970s [2-4].
Heart or vascular damage caused by viral infection might elevate risk of diseases
associated with vascular occlusion. In the investigation by Woods et al. [5] 20 (8.6 %)
out of 233 Australian patients with transmural myocardial infarction had antibodies
against Coxsackie virus B. In the similar study by Nicholls et al. [6] this percentage was

A. Kutikhin et al., Viruses and Atherosclerosis, SpringerBriefs in Immunology 4, 35
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threefold higher (10 out of 38 British individuals with acute myocardial infarction,
26.3 %). However, there was no control group in these studies, so their results should
be interpreted with caution. In the following study by Wood et al. [7] the control group
consisted of subjects with chest pain but without myocardial infarction who were
admitted to the same clinic as cases. Coxsackie B virus infection was detected sero-
logically in 7 (13.5 %) out of 52 Scottish cases and in 10 (19 %) out of 52 controls.
Authors have also noted that extended investigations over the whole calendar year are
unnecessary since their findings agreed with previous failure to reveal a higher
frequency of enterovirus infections over a 6-year period among patients with acute
myocardial infarction in comparison with those who had non-cardiac diseases [4]. An
investigation by El-Hagrassy et al. [8] revealed 4 (13.3 %) out of 30 patients with
acute ischaemic heart disease bearing Coxsackie-B-virus-specific IgM.

In 1980, Griffiths et al. [9] demonstrated the identical seropositivity rates and the
similar prevalence of raised anti-Coxsackie antibody titres on the sample of 93
patients with myocardial infarction and 99 age- and sex-matched controls from the
same geographical area. Two years ago, a study by Lau [10] showed 9.8 % percent-
age of Coxsackie virus B prevalence among 153 New Zealand individuals with
myocardial infarction. The standardized morbidity ratio of Coxsackie B infection
was 96 for these subjects in comparison with 104.5 for the control group of patients
with diseases other than cardiac (P>0.1). Nevertheless, the standardized morbidity
ratio of 91.3 for patients with myocardial infarction was significantly higher than in
the second control group (0.0) which consisted of healthy blood donors. In the study
carried out by Nikoskelainen et al. [11] 9 (15 %) of 59 Finnish subjects with acute
myocardial infarction and 1 (2.6 %) of 38 control patients showed a fourfold or
higher antibody increase in paired serum samples against Coxsackie B1-5 viruses,
and the difference was statistically significant.

O’Neill et al. [12] assessed the serum samples from 250 subjects suffering from
coronary heart disease and 100 control individuals to reveal the presence of anti-
Coxsackie B antibodies. The incidence of infection among 130 Scottish patients
with acute myocardial infarction was 5 % compared to 4 % in the control group, but
in a subgroup of patients with non-transmural myocardial infarction, it reached
14 %. So, an association between Coxsackie infection and myocardial infarction
was not found in this investigation. Hannington et al. [13] obtained serum speci-
mens from 105 British patients with myocardial infarction and from 99 age- and
sex-matched controls (the patients were the same as in the article of Griffiths et al.
[9]). According to their data, ELISA-detected anti-Coxsackie IgM antibodies were
revealed in 13 (12.3 %) of the 105 patients with myocardial infarction and in 15
(15.1 %) of the 99 matched controls; therefore, this difference was not statistically
significant, and these results confirmed the previous ones obtained by the standard
neutralization test. On the contrary, Lau [14] demonstrated that 30 of 153 (19.6 %)
New Zealand subjects with acute myocardial infarction and 11 of 178 (6.2 %)
matched control blood donors were positive for Coxsackie B virus-specific IgM,
and this difference, once again, was statistically significant in New Zealand.

In 1990, Ilbdck et al. [15] conducted a first fundamental study devoted to the role
of Coxsackie virus in atherosclerosis. The authors revealed that accumulation of
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14C-cholesterol by Balb/c mice increased by 75 % (P<0.001) in the heart and by
92 % (P<0.001) in the aorta 7 days after CB3 infection. The virus has also caused
extensive inflammatory lesions (4.5 % of tissue section area) and lipid accumulation
in the myocardium 7 days after inoculation, therefore playing a role in both arterial
and myocardial lipid accumulation and acting as initiating factors of atherosclerosis.
Seven years later, Conaldi et al. [16] investigated the interactions of Coxsackie B virus
with human vascular endothelial cells in vitro, founding that the persistence of CVB-3
and -5 correlated with the chronic release of TNF-a, a cytotoxic cytokine which also
has a negative inotropic effect on myocardial cells. The authors proposed that both
direct viral pathogenicity and indirect cytokine-mediated effects potentially may con-
tribute to vascular damage in the course of systemic Coxsackie B virus infections.

Next year, Roivainen et al. [17] evaluated the presence of IgG antibodies to an
enterovirus-common (EVC) antigen and to heat-denatured coxsackievirus B5 in
183 Finnish men and 81 women with myocardial infarction and 379 matched con-
trols. In univariate analysis, EVC antibodies were significantly associated with the
risk of myocardial infarction in men (P=0.009). Notably, the patients with myocar-
dial infarction had a significantly higher mean level of EVC antibodies than matched
controls (P=0.014). High antibody levels to EVC were associated with an elevated
risk of myocardial infarction in men aged 2549 years (relative risk=4.34, P<0.001)
but not in older men (>50 years of age). Next year, Roivainen [18] assessed the
association of enterovirus-specific antibodies and cardiovascular events in three
large, prospective population nested case-control studies. The study sample con-
sisted of 276 Finnish men with myocardial infarction and their matched control
patients. High enterovirus-antibody level was established as an independent risk
factor for future cardiovascular events in men aged 25-49 years and in subjects with
low level of serum cholesterol. Then, Roivainen et al. [19] measured baseline levels
of C-reactive protein (CRP) and antibodies to enterovirus in 241 Finnish individuals
with either myocardial infarction or coronary death and in 241 controls without
coronary events during the 8.5-year trial in the Helsinki Heart Study. Unexpectedly,
the level of antibodies to enterovirus did not differ in cases compared to controls.
The next investigation of this research group (Reunanen et al. [20]) included 441
Finnish men with nonfatal myocardial infarction or coronary death within a mean
follow-up time of 10 years (276 men without and 165 with major coronary heart
disease at baseline), and 840 age-, heart disease status-, and residence-matched con-
trols (305 and 535 controls with and without heart disease, respectively). Subjects
without reported baseline heart disease, but not those with heart disease, showing
the highest quartile of anti-enterovirus antibodies had a significantly higher risk of
coronary events in comparison with men with lower level of antibodies [adjusted
OR = 1.71 (95 % CI = 1.09-2.68)]. However, an association was not detected in
men with increased serum cholesterol concentration. Possibly, this lack of associa-
tion may explain the absence of an association in the previous investigation
(Roivanen et al. [19]) where only hyperlipidemic subjects were included in the
study sample. The authors have also noticed that all the previous studies tested the
associations of myocardial infarction with specific enterovirus infections but not
with common enterovirus antigen.
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Two years later, Kwon et al. [21] investigated the presence of infectious agents
in human atherosclerotic arterial plaques. They extracted atherosclerotic plaques
from 128 Korean patients with occlusive disease and from 20 normal arterial wall
samples, obtained from transplant donors with no history of diabetes, hypertension,
smoking, or hyperlipidemia. Enteroviral RNA was found by PCR in 22 (17.2 %) of
128 atherosclerotic vascular lesions but was not detected in any of the control speci-
mens, suggesting a connection of enteroviral infection with atherosclerosis. In the
same year, Choy et al. [22] found that post-infection constriction of septal arteries
to pressures equal to or less than 60 mm Hg was enhanced in Coxsackie virus
B-infected mice compared with sham controls, and at day 42 there was a significant
decrease in acetylcholine-induced vasodilation in Coxsackie virus B3-infected
mice. Based on their results, the authors proposed that Coxsackie virus infection
may be related to cardiovascular disease and essential hypertension. Kis et al. [23]
collected blood samples from 59 Hungarian subjects with ischemic stroke and 52
control patients and investigated them on the presence of enterovirus by PCR. Viral
RNA was observed neither in cases nor in controls, and the authors revealed no
association of stroke with this infectious agent. In the study by Liu et al. [24] on the
sample of 488 hypertensive and 942 normotensive subjects Chinese Mongolians,
the presence of IgG antibodies against Coxsackie virus was significantly associated
with an essential hypertension [76.2 % among hypertensives, 50.3 % among normo-
tensives, OR= 3.17 (95 % CI = 2.31-4.35), P<0.001 after adjustment for risk
factors]. Andreoletti et al. [25] detected enterovirus infection markers in 20 (40 %)
of 50 French patients who died of myocardial infarction but only in 2 (4 %) of 50
matched subjects without cardiac disease (P<0.001) and only in 4 (8 %) of 50
matched patients with noncoronary chronic cardiopathy (P<0.001). All of the EV
RNA-positive patients were positive for capsid viral protein 1 (VP1) indicating viral
protein synthesis activity. The VPI gene sequences demonstrated a strong homol-
ogy with sequences of coxsackievirus B2 and B3 serotypes. Immunohistochemical
analyses revealed that there was disruption of the sarcolemmal localization of
dystrophin in the coxsackievirus-infected tissue areas.

In the investigation by Schanen et al. [26] 4 (22.2 %) of 18 French patients who
underwent artery resection were positive for enterovirus genome, suggesting that
small amounts of enterovirus genome can be found in lesions of patients with
advanced arteriosclerosis. Pesonen et al. [27] revealed that anti-enterovirus IgA
titers were significantly higher in 110 Sweden patients suffering from myocardial
infarction in comparison with 323 matched controls (OR = 2.72, P<0.001) but do
not correlate with the degree of coronary obstruction (Pesonen et al. [28]). Plotkin
et al. [29] showed that the relative level of enterovirus antigen (RLEVA) in the
blood of patients with myocardial infarction complicated and uncomplicated by
cardiogenic shock and/or cardiac rupture was significantly higher than in patients
with unstable angina. In addition, concentration of RLEVA in necrotized myocar-
dial areas after death from cardiogenic shock and/or cardiac rupture was higher
than in outside myocardial infarction zones, and RLEVA in coronary vessels feed-
ing the necrotic zones of patients with myocardial infarction complicated by car-
diogenic shock was higher than in the vessels feeding tissues outside the myocardial
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infarction zone. The authors suggested that enterovirus is directly involved in the
pathogenesis of myocardial infarction and promotes the development of cardio-
genic shock and/or cardiac rupture.

4.2 Parvovirus B19

Although the role of human parvovirus B19 in a number of diseases such as
erythema infectiosum (fifth disease), aplastic anemia, and certain autoimmune dis-
orders is widely established, its role in atherosclerosis and related diseases was still
unexplored until 2009, when Liu et al. [30] recruited 90 Taiwanese patients with
coronary artery disease and 475 controls for the assessment of the possible parvovi-
rus B19 role in the atherosclerosis development. They evaluated the titer of the
specific IgM and IgG antibodies in all the investigated subjects, revealing that anti-
B19 IgG antibodies were observed 1.5- to 2.7-fold more frequently in the individu-
als with coronary artery disease compared to healthy controls. Anti-B19 IgM
antibodies were not detected neither in patients with coronary artery disease nor in
healthy controls. According to the nonradioactive in situ PCR, the majority of
B19-specific DNA was located in the endothelial cells of the thickened intima. The
authors concluded that B19 infection may play a role in the etiopathogenesis of
atherosclerosis. Grub et al. [31] compared the frequency of parvovirus B19 infec-
tion in 67 Norwegian subjects with both coronary artery disease and inflammatory
rheumatic diseases, 52 patients with coronary artery disease alone, and in 30 healthy
controls, but detected neither statistically significant difference in the distribution
of anti-B19 antibodies nor association between the examined antibodies and the
frequency of aortic adventitial mononuclear cell infiltrates. Motor et al. [32] inves-
tigated the association of Coxsackie B virus with essential hypertension. In their
study, anti-Coxsackie IgM antibodies were found by ELISA in 27 (30 %) out of 90
Turkish subjects with essential hypertension and in 7 (15.6 %) out of 45 controls,
whereas IgG antibodies were detected in 27 (30 %) patients and in 14 (31.1 %)
control subjects; these differences were not statistically significant. Cases and con-
trols also had the similar levels of serum endotheline-1 and nitric oxide (NO), which
represent the antagonistic pair in terms of blood pressure control. In the study by
Padmavati et al. [33] parvovirus B was detected by PCR in 8 (8.3 %) out of 98 of
tissue specimens. In addition, 3 (6.8 %) of 44 Indian patients with myocardial
infarction were also positive for parvovirus B-19 IgG antibodies. However, there
was no assessment for the presence of parvovirus B-19 in the control group.

4.3 Respiratory Syncytial Virus (RSV)

Since its first discovery in the 1950s, human respiratory syncytial virus (HRSV) has
been recognized as the leading viral pathogen of severe respiratory tract diseases in
infants and young children. Certain research groups have also investigated its possible
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role in the development of atherosclerosis and related diseases. Chang et al. [34]
demonstrated that vascular endothelial cells exposed to culture supernatants from
RSV-infected pulmonary epithelial A549 cells began to express cell surface mole-
cules, such as ICAM-1, VCAM-1, and E-selectin. Moreover, the authors identified
IL-1a as the predominant endothelial cell-activating factor by the pretreatment of
epithelial cell supernatants with anti-IL-1o antibody. Guan et al. [35] evaluated the
association of previous RSV infection and acute myocardial infarction. In their study,
patients with myocardial infarction had anti-RSV IgG antibodies significantly more
frequently than controls (adjusted OR = 11.1, 95 % CI = 3.3-29.5). So, the study
supported the hypothesis that the previous RSV infection can be associated with
myocardial infarction.

4.4 Measles Virus

A potential impact of measles virus on the development of atherosclerosis was first
investigated by Csonka et al. [36] The authors investigated in vitro effect of the
measles virus on the aortic endothelial and smooth muscle cells. The virus-infected
aortic cells occasionally formed syncytii and contained nuclear inclusions, whereas
virus-infected endothelial cells lysosome contained viral nucleocapsids. The early
phase of measles virus replication inhibited the proliferation of endothelial cells,
simultaneously stimulating the replication of the smooth muscle cells. The authors
concluded that measles virus infection can be a cause of atherosclerosis, damaging
endothelial cells by altering the cell membrane permeability and inducing prolifera-
tion of aortic smooth muscle cells. As opposed to this investigation, Ait-Oufella
et al. [37] hypothesized that the anti-inflammatory properties of measles virus
nucleoprotein may hinder the development of atherosclerosis. In their research, per-
manent administration of measles virus nucleoprotein to apolipoprotein E-deficient
mice initiated an anti-inflammatory T-regulatory-cell type 1-like response and
impeded macrophage and T-cell accumulation within the lesions. Moreover, treat-
ment by measles virus nucleoprotein significantly reduced the development of new
atherosclerotic plaques and inhibited the progression of established lesions. The
anti-atherosclerotic potential of nucleoprotein was retained in its short N-terminal
segment, and the protective effects were lost in mice with lymphocyte deficiency.

4.5 Discussion

In this chapter, the whole body of the available data on the association of enterovirus
(mainly Coxsackie B virus) with atherosclerosis and related diseases was analyzed. All
the epidemiological articles discussing the potential association of viruses considered
in this review with atherosclerosis and related diseases are summarized in Table 4.1.
First of all, it seems to be that the association is somehow population-dependent.
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Two studies in New Zealand [10, 14] and four investigations in Finland [17-20] proved
that there is a significantly positive association in these countries, and the similar
results were obtained in Sweden [27] as well. Two investigations carried out in China
[24] and Korea [21] also found the same positive association, pointing out the depen-
dence of the positivity of the association on geographical location. The analogical stud-
ies in Denmark and Norway (and/or in other Asian countries), possibly, might shed
light on this issue. In contrast, all four studies in Great Britain [6, 7, 12, 13] (two of
them in Scotland) [7, 12] did not reveal any association between enterovirus and
myocardial infarction, feasibly due to the population features in this geographical
region. It is also possible that the sample size was insufficient in the studies where the
negative result was obtained (the largest one did not exceed 130 cases and 100 controls),
or enterovirus does not play a role in stroke development. In addition, the evidence that
enterovirus genome was detected in the arterial atherosclerotic plaques and endomyo-
cardial tissues by three different research groups in Korea [21] and France [25, 26] may
also testify about the association between this virus and atherosclerosis.

It is important to note that the determination of the whole spectrum of anti-
Coxsackie antibodies (IgA, IgM and IgG) can be recommended for the forthcoming
studies, since all of them were used in previous ones. The method of PCR is rather
widespread, but it is usually used for the detection of the viral genome in arterial
atherosclerotic plaques or endomyocardial tissues but not in the serum. The enlarge-
ment of the sample size and a conduction of multicenter studies are worthwhile as
well. In the relation to the distinct pathologies, only the association with myocardial
infarction was evaluated in detail. Concerning other ones, there was one investiga-
tion revealing a positive association between enterovirus infection and arterial
hypertension, and one study failed to find a connection of enterovirus with stroke.
So, the assessment of enterovirus influence on the frequency of other occlusive
pathologies is the issue for further studies.

With respect to other viruses, the results are very scarce. Although in one
Taiwanese [30] investigation the positive association of parvovirus B19 with coro-
nary artery disease was detected, the Norwegian [31] study did not confirm these
results. In addition, the Turkish [32] study devoted to the role of parvovirus B19 in
the essential hypertension development did not find an association between them;
however, these Norwegian and Turkish studies had rather small sample size (not
more than 90 cases and 45 controls), and their results should be interpreted with
caution. It is also worth a note that parvovirus B19 was detected in arterial specimens
of the patients suffered from myocardial infarction. However, at the moment a lack
of relevant investigations does not allow to establish this virus as a causative agent
of atherosclerosis or vascular occlusion-related diseases.

Although the results of the only epidemiological study indicating the impact of
respiratory syncytial virus on the risk of atherosclerosis are rather promising and the
odds ratio is certainly high (more than 11), a number of further investigations are
definitely required for the detailed analysis of its role in the etiopathogenesis of
cardiovascular diseases.

At the moment, it is feasible to suggest that enterovirus may be one of the possible
causes of atherosclerosis and related diseases such as myocardial infarction,
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although this hypothesis has certain shortcomings and contradictions, and additional
basic and epidemiological studies are required to prove it. Regarding the parvovirus
B19 and respiratory syncytial virus, the data are insufficient for making any clear
conclusions. In relation to measles virus, even the opposite (anti-atherosclerotic)
effect is admissible.
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Chapter 5
Hepatitis Viruses, Atherosclerosis,
and Related Diseases

Abstract In this chapter, a role of various hepatitis viruses in the development of
atherosclerosis will be discussed. At the moment, it is hard to conclude definitely
whether HAV is associated with atherosclerosis and related diseases but it seems to
be that this correlation is population-dependent, and may be based on the causation
of endothelial dysfunction. Regarding HBV, the reliable association of the chronic
infection caused by this virus with atherosclerosis and related diseases was not
revealed. Finally, it was demonstrated that chronic HCV infection is associated
with subclinical atherosclerosis, CAD, and stroke, most probably through the direct
inflammatory mechanism.

5.1 Hepatitis A Virus (HAV), Atherosclerosis,
and Related Diseases

There are only a few studies investigating the possible association of HAV with
atherosclerosis and related diseases. Zhu et al. [1] were the first who studied the
possible association between hepatitis A virus (HAV) infection and coronary artery
disease (CAD). In their investigation, of the 391 US patients, CAD prevalence was
74 % in HAV-seropositive (IgG antibodies) and 52 % in HAV-seronegative patients.
In addition, C-reactive protein (CRP) levels were significantly higher in HAV-
seropositive than in HAV-seronegative patients. Logistic regression analysis demon-
strated that HAV seropositivity is an independent predictor of risk for CAD and
elevated CRP levels. Therefore, authors concluded that HAV infection is associated
with CAD, and suggested that this virus may play a causal role in atherogenesis.
The same research group reported a 1.6-fold increased risk (95 % CI = 1.1-2.3) for
myocardial infarction or death among individuals positive for IgG antibodies against
HAV [2]. These results were further confirmed by Prasad et al. [3] who also estab-
lished HAV as a possible causative agent of CAD (odds ratio [OR] = 2.6, 95 %
confidence interval [CI] = 1.4-5). In addition, HAV infection was an independent
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predictor of endothelial dysfunction, determined as the percent change in coronary
vascular resistance in response to acetylcholine but not the responses to sodium
nitroprusside or adenosine [3]. Moreover, HAV infection was also an independent
determinant of endothelial function in the subgroup with angiographically normal
coronary arteries [3].

In contrast, Cainelli et al. [4] considered that the epidemiological evidence argues
against a significant role for HAV infection in atherogenesis. According to their opin-
ion, HAV infection is highly prevalent in Saudi Arabia, Yemen [5], Egypt [6], and
sub-Saharan Africa, and its prevalence has been reduced only recently in southern
Italy [7]. In contrast, HAV infection is far less frequent in northern European coun-
tries and in Australia [8]. However, if HAV infection has a significant role in athero-
genesis, the pattern of the incidence of atherosclerosis manifestations would be
similar to that for HAV infection, but this is not the case. Since the 1970s, a very low
incidence of atherosclerotic diseases has been noted in southern Italy [9], and devel-
oping regions have a relatively low burden of ischemic heart disease and stroke; in
contrast, the incidence of cardiovascular diseases is remarkably higher in Europe,
North America, and Australia [10]. Nevertheless, these arguments can be refuted due
to the multifactorial nature of atherosclerosis, and HAV may be only one out of
a number of its causes. However, in the further study of Smieja et al. [11] on 107
Canadian subjects either with myocardial infarction or unstable angina and 107
controls, no association of HAV infection with cardiovascular events was revealed.

In the next year, Burnett et al. [12] demonstrated the effect of HAV vaccination
on atherosclerosis development in a cholesterol-fed mouse model; nevertheless,
after 15 weeks, no significant differences were found in lesion area between the
vaccinated and non-vaccinated animals. Furthermore, Auer et al. [13] tested the
blood from 218 Austrian patients with CAD for serum IgG antibodies to HAV.
In this study, CAD prevalence was 66.3 % in HAV-seropositive and 57.5 % in HAV-
seronegative patients, so HAV seropositivity did not influence CAD risk. Similar
results were obtained by Ongey et al. in Germany [14] who found that HAV serop-
revalence is associated neither with the prevalence of cardiovascular diseases nor
with mean levels of blood lipids among patients suffering from diabetes mellitus.
Finally, Smieja et al. [15] did not find any association of anti-HAV IgG antibodies
with risk of cardiovascular events in Heart Outcomes Prevention Evaluation (HOPE)
which included over 3,000 Canadian patients.

So, the data about the role of HAV in the development of atherosclerosis and
related diseases are rather scarce. Chronologically, the first three studies found an
association of HAV with CAD and myocardial infarction; however, four investiga-
tions carried out later did not reveal such correlation. It is interesting that the positive
result was obtained only among US population but not among Canadian, Austrian,
and German populations, possibly reflecting the population dependence for the
association of HAV with CAD and cardiovascular events. Feasibly, certain genetic,
environmental, or socioeconomical factors may play a role in this difference;
features of viral strains in distinct populations are also plausible. There were no
study providing a molecular basis for this association; nevertheless, it was shown
that HAV infection statistically significantly correlated with endothelial dysfunction
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since microvascular and epicardial dilation with acetylcholine tended to be lower in
HAV-seropositive subjects compared to HAV-seronegative individuals. It seems to
be that inflammation caused by persistent HAV infection, autoimmune reaction
to host antigens similar with HAV antigens (so-called phenomenon of molecular
mimicry), or persistent infection caused by any pathogen bearing antigens similar to
HAYV antigens might be three probable mechanisms providing the changes leading
to the endothelial dysfunction. However, the exact mechanisms are unclear, and
further basic investigations in this field are needed.

5.2 Hepatitis B Virus (HBV), Atherosclerosis,
and Related Diseases

A possible role of chronic hepatitis B infection in the pathogenesis of carotid arte-
riosclerosis was first revealed in cross-sectional cohort study of Ishizaka et al. [16].
Of the 4,686 Japanese subjects, 1,294 (28 %) had carotid artery plaques, 40 (0.9 %)
were positive for HBsAg, and HBsAg positivity was positively associated with
carotid atherosclerosis with an OR of 1.57 (95 % CI=1.1-2.24). In contrast, Bilora
et al. [17] showed that chronic viral hepatitis may help to prevent atherosclerosis.
They compared 48 Italian patients with a histological diagnosis of chronic viral
hepatitis (42 hepatitis C virus-related, 6 hepatitis B virus-related) with a low degree
of activity and preserved hepatic function, and 50 matched controls, observing
clearly lower prevalence of carotid atherosclerosis among patients. According to
their data, percentage of patients with carotid atherosclerosis was 27 % in patients
with liver disease and 56 % in controls. Moreover, patients with liver disease had
fewer atheromatous lesions (16 plaques versus 59) than controls, and they were
characterized by a lower degree of vessel stenosis. In addition, negative result was
found in a cross-sectional study of Volzke et al. [18] in Germany who revealed that
there was no independent association between anti-HBs and anti-HCV antibody
seropositivity and atherosclerotic end-points such as prevalent myocardial infarc-
tion, stroke, carotid intima-media thickness (IMT), carotid plaques and stenosis.
Su et al. [19] were the first who evaluated the effects of chronic HBV infection on
serum lipid profile. They detected that among patients with asymptomatic chronic
HBYV infection, levels of total cholesterol (TC) and high-density lipoprotein choles-
terol (HDL-C) were decreased by 5.8 and 2.7 mg/dL, respectively, indicating the
possible HBV role in development of dyslipidemia; nevertheless, no association of
HBYV infection with atherosclerosis was detected in this study [19]. In the investiga-
tion of Tong et al. [20], 77 % (224 of 291) of Chinese patients with CAD and 73.4 %
(105 of 143) of controls without angiographic evidence of atherosclerosis were
seropositive for HBV, so HBV infection did not correlate with CAD risk; however,
CRP level was significantly lower in HBV seropositive population. Similar results
were revealed by Ghotaslou et al. [21] in their study on over 5,000 Egyptian sub-
jects; the prevalence of HBsAg positivity tended to be higher in CAD patients than
in those without CAD (3.28 % vs 2.17 %), but the difference was not statistically
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significant. In addition, Yang et al. [22] failed to detect any association of HBV
infection with carotid atherosclerosis in Taiwanese population. In the same year,
Sung et al. [23] investigated an association between HBsAg seropositivity and
cardiovascular diseases in a cohort of Koreans included 521,421 individuals, and in
this study HBsAg seropositivity was associated with a decreased risk of ischemic
stroke and myocardial infarction (OR = 0.79, 95 % CI = 0.68-0.90 and OR = 0.74,
95 % CI = 0.62-0.87, respectively); however, an increased risk of hemorrhagic
stroke was detected (OR =1.33, 95 % CI = 1.15-1.52).

In 2010, Turhan et al. [24] tested 260 inactive HBsAg Turkish carriers and 80
healthy control subjects for the possible association between HBsAg positivity and
mean platelet volume (MPV), a newly emerging risk factor for atherothrombosis.
The MPV level was significantly higher in the inactive HBsAg carrier group than in
the control group (8.8+ 1.2 fl vs. 8.1+ 0.9 fl), suggesting that chronic hepatitis B
patients with inactive disease tend to have relatively increased platelet activation,
and an atherothrombotic risk [24]. However, this study investigated the association
of HBsAg carriage with just a risk factor of atherosclerosis, but not with atheroscle-
rosis itself. Wang et al. [25] followed-up 22,472 Taiwanese subjects, consisting of
18,541 HBsAg seronegatives and 3,931 seropositives, for 17 years, and HBsAg
seropositivity was not associated with increased mortality risks of atherosclerosis-
related diseases. So, these results confirmed the previous ones from Taiwan where
the negative result was obtained [19, 22]. The study of Grab et al. [26] in Norway
revealed an absence of association of HBV with CAD in patients with rheumatic
diseases, however, it may be explained by the small sample size in this study
(67 patients with inflammatory rheumatic diseases, 52 patients without IRD and 30
healthy controls). Finally, D:A:D Cohort Study did not find any association between
HBYV coinfection and the development of myocardial infarction among HIV-infected
individuals. Event rates per 1,000 person-years in those who were HBV-seronegative,
had inactive infection or had active infection were 3.2 (95 % CI = 2.8-3.5), 4.2
(95 % CI = 3.1-5.2) and 2.8 (95 % CI = 1.8-3.9), respectively. After adjustment,
there was no association between inactive HBV infection (rate ratio 1.07, 95 %
CI =0.79-1.43) or active HBV infection (rate ratio 0.78, 95 % CI = 0.52-1.15] and
the development of myocardial infarction [27].

It is worth to note that only 2 studies out of 12 revealed a statistically significant
association of HBV infection with altered risk of cardiovascular diseases, and the
results contained in them are disparate: one study investigated the association of
HBYV with carotid atherosclerosis, whereas another one aimed to reveal a correlation
with myocardial infarction and stroke. Possibly, a population-dependent effect may
exist, since there were no studies showing an absence of association in Japan or
Korea, however, the exact explanation of the discrepancies between distinct investi-
gations is unclear. In addition, Sung et al. [23] who carried out one of two studies
with positive result suggested that HBV infection does not play an important role in
the etiology of cardiovascular events through a proinflammatory effect. According to
their conclusions, reduced ability to coagulation due to HB V-associated chronic liver
dysfunction elevates the risk of hemorrhagic stroke while decreasing the risk of isch-
emic stroke and myocardial infarction. Significantly lower CRP level among HBV
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infected patients found in the study of Tong et al. [20] also contradicts the hypothesis
of HBV inflammatory role in the development of cardiovascular pathologies. The
decreased level of serum total cholesterol also refutes the role of the changes in
atherotic profile in possible HBV-related mechanisms of causing cardiovascular
diseases. So, at the moment, it is not possible to establish HBV as a causative agent
of atherosclerosis and related diseases, despite certain premises, since 10 of 12 stud-
ies found no such association, but it is worth to be noted that chronic HBV infection
may possibly increase risk of hemorrhagic stroke simultaneously decreasing the risk
of ischemic stroke and myocardial infarction, at least in certain populations.

5.3 Hepatitis C Virus (HCV), Atherosclerosis,
and Related Diseases

5.3.1 HCYV and Changes in Immunological
and Atherotic Profile

Community-based study conducted in Egypt has shown that in a single population,
chronic HCV infection is associated with glucose intolerance and, despite that, with
a favourable lipid pattern, consisting of an elevation in HDL cholesterol and a
reduction in total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C)
and triglycerides (TGs). An intriguing finding was the high TG level observed
among subjects with past infection, suggesting that elevated TGs at the time of
acute infection may facilitate viral clearance [28]. In the study of Boddi et al. [29],
positive-strand HCV RNA was detected in seven carotid plaque tissues from HCV-
positive patients and was not detected in the nine carotid plaque tissues obtained
from HCV-negative patients. In three patients, HCV RNA was found in carotid
plaque and not in serum. HCV replicative intermediates were detected in three
plaque samples. Direct sequencing of HCV RNA from the plaques and serum
showed HCV genotypes 2 (five cases) and 1 (two cases).The finding of HCV RNA
sequences in plaque tissue strongly suggests an active local infection, and, in turn,
confirms the role of this virus in carotid atherosclerosis [29]. Masia et al. investi-
gated the influence of HCV therapy with pegylated interferon-a plus ribavirin on
cardiovascular disease risk [30]. A total of 56 patients were included; 32 (57.1 %)
were HCV/HIV coinfected and 24 (42.9 %) were HCV monoinfected [30].
Compared with baseline, during HCV therapy there was a significant decrease in
the concentrations of matrix metalloproteinase-9 (MMP-9), intercellular cell adhe-
sion molecule-1 (ICAM-1) and oxidized low-density lipoproteins [30]. In contrast,
levels of vascular cell adhesion molecule-1 (VCAM-1), monocyte chemotactic
protein-1 and fibrinogen increased during treatment [30]. After treatment discon-
tinuation, levels of ICAM-1, VCAM-1 and TNF-a were significantly lower com-
pared with baseline, a change restricted to patients with sustained virological
response [30]. Changes in biomarkers were similar in HIV-infected and -uninfected
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patients [30]. Authors concluded that treatment for HCV induces different changes
in several cardiovascular risk biomarkers, most being anti-atherogenic effects,
although only the anti-atherogenic effects remained after treatment discontinuation
in patients with sustained virological response [30]. In their second study, this
research group found that median soluble vascular CAM-1 (sVCAM-1) and inter-
cellular CAM-1 (sICAM-1) levels were significantly higher in HIV/HCV-coinfected
patients; however, carotid IMT did not differ between HCV/HIV-coinfected and
HIV-monoinfected patients [31]. The study of Oliveira et al. [32] revealed that HCV
patients are characterized by higher levels of proinflammatory cytokines (IL-6 and
TNF-a) compared to controls, and the relation of proinflammatory/anti-inflammatory
TNF-o/IL10 and IL-6/IL10 were higher in HCV patients. The Framingham score
directly correlated to IL-6 and TNF-a, but differences were not statistically signifi-
cant [32]. According to the opinion of Perrin-Cocon et al. [33], in patients chronically
infected, HCV interferes with lipoprotein metabolism resulting in the production of
infectious modified lipoproteins, which are modified low-density lipoproteins con-
taining viral material that can alter maturation of dendritic cells and affect specific
Toll-like receptor signaling.

5.3.2 HCYV and Subclinical Atherosclerosis

The association of HCV infection with atherosclerosis and related diseases was first
investigated in 2003 by Ishizaka et al. [34], who found HCV core protein being posi-
tively associated with carotid atherosclerosis (OR = 5.61, 95 % CI = 2.06-15.26) in
the study including almost 2,000 individuals. Four years later, the similar positive
results were obtained by Targher et al. [35] who compared carotid intima-media thick-
ness among 60 patients with non-alcoholic steatohepatitis (NASH), 35 and 60 patients
with chronic hepatitis B or C, respectively, and 60 control subjects. Sawayama et al.
[36] revealed that both chronic HCV infection can reduce the effectiveness of lipid-
lowering therapy for carotid atherosclerosis in terms of change of maximum common
carotid artery intima-media thickness (Max-IMT). In their study, patients without
HCYV infection showed a significant reduction of Max-IMT, whilst only a small
decrease of Max-IMT was noted in the patients with HCV infection. An opposite
result was noted in the study of Caliskan et al. [37] in hemodialysis patients but the
study sample was very small (only 72 patients), and since hemodialysis patients had a
large number of uremia-related cardiovascular risk factors, the effect of HCV infec-
tion could disappear in this group of patients. The investigation of Tien et al. [38] did
not find an association of HCV infection with carotid atherosclerosis, but their study
sample included only HIV-infected patients that may distort the results creating a bias.
In the study of Miyajima et al. [39] IMT, LDL-C and TG levels were significantly
lower in the group with chronic infection than the levels in the other groups. In addition,
an association with severe insulin resistance and with mild atherosclerosis, suggesting
a unique characteristic of HCV-related metabolic abnormality, was revealed [39].
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These results were further confirmed in the study of Sosner et al. [40], in which preva-
lence of subclinical carotid atherosclerosis was significantly higher in HCV-HIV co-
infected patients compared to HIV-monoinfected patients (for HCV infection
OR =10, 95 % CI = 1.5-72), despite of the fact that LDL-C and blood pressure (BP)
were lower in this group.

5.3.3 HCV and CAD

Vassalle et al. [41] evaluated whether seropositivity for HCV is associated with
the CAD occurrence. They recruited 491 patients and 195 controls, founding
HCYV seropositivity to be associated with the presence of CAD (OR =3.2, 95 %
CI = 1.1-9.2) [41]. These results were affirmed by Tsui et al. [42], who found
HCV-seropositive patients having higher rates of death, cardiovascular events,
and heart failure hospitalizations during follow-up. In addition, these subjects had
also significantly lower mean levels of CRP and fibrinogen but higher levels of
TNF-a [42]. In the large study of Butt et al. [43], which included 82,083 HCV-
infected and 89,582 HCV-uninfected subjects, HCV infected subjects were less
likely to have hypertension, hyperlipidemia, and had lower total plasma choles-
terol, LDL-C, and TG levels compared to HCV-uninfected subjects. However,
despite a favorable risk profile, HCV infection was also associated with a 1.25-fold
higher risk of CAD (95 % CI = 1.2—1.3) [43]. The study of Grab et al. [26] revealed
an absence of association of HCV with CAD in patients with rheumatic diseases,
however, it may be explained by the small sample size in this study (67
patients with inflammatory rheumatic diseases, 52 patients without IRD and 30
healthy controls).

5.3.4 HCYV and Myocardial Infarction

Arcari et al. [44] investigated the association between HCV seropositivity and acute
myocardial infarction using a well-established cohort of young men in the US mili-
tary and found no evidence (adjusted RR, 0.94; 95 % CI, 0.52—1.68) to support this
association (292 case patients and 290 control subjects). In the study of Bedimo et al.
[45] including a total of 19,424 HIV-infected patients, 31.6 % of whom were HCV-
coinfected, HCV coinfection was associated with lower cholesterol levels but with
higher rates of hypertension, acute myocardial infarction, and cardiovascular dis-
eases in total (OR = 1.25 with 95 % CI = 0.98-1.61 for acute myocardial infarction
and 1.20 with 95 % CI = 1.04-1.38 for cardiovascular diseases). However, D:A:D
Cohort Study did not find any association between HCV coinfection and the devel-
opment of myocardial infarction among HIV-infected individuals [27]. Event rates
per 1,000 person-years in those who were HCV-seronegative and HCV-seropositive
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were 3.3 (95 % CI =3.0-3.7) and 2.7 (95 % CI = 2.2-3.3), respectively [27]. After
adjustment, there was no association between HCV seropositivity and the develop-
ment of myocardial infarction (rate ratio 0.86, 95 % CI = 0.62—1.19) [27].

5.3.5 HCYV and Stroke

Liao et al. [46] evaluated the risk of stroke in association with chronic HCV
infection in a longitudinal population-based cohort study including 4,094 adults
newly diagnosed with HCV infection and 16,376 adults without HCV infection.
The cumulative risk of stroke for people with HCV and without HCV infection
was 2.5 % and 1.9 %, respectively, and compared to people without HCV infec-
tion, the adjusted hazard ratio of stroke was 1.27 (95 % CI = 1.14-1.41) for
people with HCV infection [46]. In community-based prospective cohort study of
Lee et al. [47], the cumulative risk of cerebrovascular deaths was 1.0 % and 2.7 %
for seronegatives and seropositives of anti-HCV, respectively. The hazard ratio of
cerebrovascular death was 2.18 (95 % CI = 1.50-3.16) for anti-HCV seroposi-
tives after adjustment for several conventional risk factors of cerebrovascular
disease. Compared to participants seronegative for anti-HCV, the multivariate-
adjusted hazard ratio was 1.4 (95 % CI = 0.62-3.16), 2.36 (95 % CI = 1.42-3.93),
and 2.82 (95 % CI = 1.25-6.37), respectively, for anti-HCV-seropositive partici-
pants with undetectable, low, and high serum levels of HCV RNA. However, no
significant association was observed between HCV genotype and cerebrovascular
death [47].

5.3.6 Discussion

It seems to be that chronic HCV infection is associated with subclinical
atherosclerosis, CAD, and stroke, but its correlation with myocardial infarction is
arguable. For subclinical atherosclerosis, the association may be population-depen-
dent (positive for Japanese, Italian, and French populations but non-significant in
US population), whereas all studies investigating the role of HCV in the develop-
ment of CAD or stroke obtained only positive results. A number of studies sug-
gested that chronic HCV infection is associated with favorable lipid profile [28,
39, 40, 43], namely, with elevated HDL-C and reduced TC, LDL-C and TGs, so
the metabolic mechanism of atherosclerosis development does not play a signifi-
cant role in the case with chronic HCV infection. In contrast, significant proin-
flammatory alterations were noted during chronic HCV infection including high
levels of TNF-a, IL-6, sVCAM-1, sICAM-1 [31, 32, 42]. However, the results of
these findings may also be contradicted since there were found that HCV
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chronically infected patients are characterized by a lower level of CRP and
fibrinogen. Nevertheless, the fact that HCV RNA sequences were detected in
plaque tissue supports the hypothesis about HCV-caused active local infection
in blood vessels [29]. In light of this discovery, the inflammatory mechanisms of
causing atherosclerosis seem to be at least probable. In addition, HCV seropositiv-
ity was found to be associated with an increased risk of carotid-artery plaque (OR
=1.92,95 % CI 1.56-2.38) and carotid intima-media thickening (OR =2.85, 95 %
CI =2.28-3.57) that may reflect HCV participation in the pathogenesis of carotid
arterial remodeling [48]. It is also worth a note that HCV may affect the gene
expression in the endothelial cells or fibroblasts promoting the plaque formation.
So, it seems to be that HCV is the only virus possibly affecting atherosclerosis
development directly. A significant number of studies carried out with positive
result also suggests that chronic HCV infection is associated with various cardio-
vascular pathologies including subclinical atherosclerosis, CAD, and stroke,
although its influence on the development of distinct types of stroke (ischaemic
and hemorrhagic) remains obscure.

5.4 Conclusions

All epidemiological studies devoted to the association of hepatitis viruses with
atherosclerosis and related diseases are summarized in Table 5.1. To sum up, it is
hard to conclude definitely whether HAV is associated with atherosclerosis and
related diseases but it seems to be that this correlation is population-dependent, and
may be based on the causation of endothelial dysfunction in terms of decrease of
acetylcholine-mediated microvascular and epicardial dilation by this virus.
Regarding HBYV, the reliable association of the chronic infection caused by this
virus with atherosclerosis and related diseases was not revealed, although it is pos-
sible that it decreases the risk of myocardial infarction and ischaemic stroke whilst
increasing the risk of hemorrhagic stroke via the reduction of synthesis of coagula-
tion factors in liver affected by infection. Finally, it was demonstrated that chronic
HCYV infection is associated with subclinical atherosclerosis, CAD, and stroke,
most probably through the direct inflammatory mechanism. According to this
hypothesis, HCV may affect blood vessels, feasibly initiating and promoting the
plaque formation. In addition, indirect inflammatory mechanism taking a place in
the affected liver is also plausible. However, it does not seem to be that hepatitis
viruses are promoting atherosclerosis through atherotic mechanisms since chronic
HBYV and HCV infection are associated with favorable lipid pattern (decrease of
TCs, TGs, LDL-C, and increase of HDL-C) which probably occurs due to chronic
hepatitis and, in some cases, liver cirrhosis. Further basic investigations devoted to
the basic mechanisms of development of hepatitis viruses-related atherosclerosis
are needed, and they should shed light on this problem.
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Chapter 6
Summary: Are We There Yet?

Abstract In this chapter, we will summarize the data obtained from the analysis in
previous chapters. We will define the criteria for the credibility of the connection of
the viruses considered in this review with atherosclerosis and related diseases and
will consider the principles of organization of studies in this field.

In general, the criteria for the credibility of the connection of the viruses considered
in this review with atherosclerosis and related diseases may be postulated as
follows:

Viruses should be detected in the significant share of plaques from atherosclerosis
cases (enterovirus, parvovirus B19, EBV, HCV);

Viruses must be localized in atherosclerotic tissues significantly more frequently
and/or in higher concentration compared to corresponding tissues collected from
healthy controls (enterovirus, EBV);

Viruses must colonize the tissue before atherosclerosis development, at every
stage of plaque atherogenesis or even when tissues are absolutely normal
(unknown for any of the indicated viruses);

Viruses must have eminent plaque formation activity on the molecular and
cellular level (it must have an ability to cause immune response and promote
atherogenesis). They may cause mutations leading to the accumulation of lym-
phocytes in the plaque, inhibit their apoptosis, enhance their growth, accelerate
their proliferation, support their survival, and promote plaque stroma restructur-
ing. This statement may be true for enterovirus and EBYV, according to the
published data;

If viruses do not possess the direct plaque-forming effect they should possess
indirect effects (e.g. causing chronic systemic inflammation, promoting a devel-
opment of unfavorable lipid profile or affecting coagulation ability leading to
atherothrombosis or hemorrhage). It may be true for HBYV, since chronic HBV
infection may be associated with elevated risk of hemorrhagic stroke via decrease
of coagulation ability due to liver affection, and also for EBV, which may cause

A. Kutikhin et al., Viruses and Atherosclerosis, SpringerBriefs in Immunology 4, 65
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alterations in lipid profile making it unfavorable; indirect systemic inflammation
may be also caused by HBV and HCV causing chronic hepatitis;

* An association between viruses and atherosclerosis must be demonstrated in
animal models by different research groups (unknown for any of the indicated
viruses);

» Etiotropic therapy should lead to the regression of atherosclerotic plaque associ-
ated with viral infection (unknown for any of the indicated viruses, possibly
excepting HCV);

* The association between viruses and atherosclerosis risk must be confirmed
in large prospective and retrospective well-designed epidemiological studies in
various countries and desirably by different research groups (enterovirus, with
some limitations, and HCV);

For the credible determination of the possible association of viruses with athero-
sclerosis and related diseases, the following principles of study organization can be
postulated:

» Investigation of the immune, atherogenic, or coagulative mechanisms of the viral
impact on the development of atherosclerosis and related diseases;

* The interactions between virus-related mechanisms and other mechanisms of
atherosclerosis etiopathogenesis can be investigated;

e It is important to use the most sensitive and specific markers of viral infection
(for instance, PCR or serological tests; in the latter case the diagnostic titer of
relevant antibodies should be the most sensitive and specific one);

* Incaseif it is possible, the investigations should be conducted in various popula-
tions to reveal a feasible population dependency of the association (to reach this
aim, international consortia may be created)

It is also worth of note that there are a lot of projects devoted to a development of
vaccines against viruses that are described in this book. In the case if these vaccines will
be implemented, it would be possible to investigate their role in decreasing incidence
of atherosclerosis and related diseases. It may be an additional way to reveal an associa-
tion of these viruses with cardiovascular disorders. A vaccine against influenza which
is actively used worldwide might be a good example. In certain investigations, it was
shown that vaccinated subjects are less prone to have acute cardiovascular events com-
pared to non-vaccinated (Rogers et al. [1], Grau et al. [2], Warren-Gash et al. [3], Lang
et al. [4]); however, it is difficult to differentiate whether influenza virus is a true cause
of atherosclerosis, or it just causes an acute infection and intoxication that may signifi-
cantly disrupt heart functioning, particularly in elderly. Undoubtedly, future studies will
shed light on the problem of the role of viruses in atherosclerosis and related diseases.
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