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Abstract 

 

Introduction 

The first evidence as to existence of a potential 
correlation between infectious agents and 
atherosclerosis was found on the bacterial 
infections in the late 19th century when Huchard 
suggested an association between childhood 
infections and the development of 
atherosclerosis and shortly after him, three other 
authors namely Weisel (1906), Klotz (1906) and 
Osler (1908) reported relationships between 
atherosclerosis and some other infections mostly 
bacterial except for measles virus [1]. Then after 
in the 1940s, Paterson and Cottral [2], proposed 
that Marek disease virus (MDV), a herpes-type 
DNA virus, a well demonstrated cause of T-cell 
type lymphomas, has potential connections with 
the development of atherosclerosis, and 

subsequent experimental studies confirmed 
existence of such an association [3,4].  
The human cytomegalovirus (CMV), another 
member of the herpes virus family whose 
genome consisted of double-stranded DNA, has 
one of the largest infection rates among all 
infectious agents affecting human populations 
[5]. Besides during its acute phase, CMV can 
establish a latent infectious course in the hosts’ 
endothelial and peripheral blood mononuclear 
cells which persists for a lifetime [6]. Although 
in most cases, CMV induces the initial CMV 
infection with a self limiting and benign course, 
it can induce a life threatening disseminated 
disease [7,8]. CMV infection has also been 
accused of accelerating atherosclerosis course. 
Because of the inconsistencies in our knowledge 
on the CMV atherosclerosis inducing activities, 
several studies have been conducted to 

Cytomegalovirus (CMV) infection is one of the most common 
infections that affects humans’ cardiovascular system. Although the 
literature includes controversial evidence for any correlation 
between CMV infection and arterial atherosclerosis, the majority of 
studies, especially those with larger patient population and stronger 
data stand for such a relationship. However, the number of 
prospective studies was very limited. So, we believe that future 
studies should be directed towards prospective studies investigating 
either the impact of CMV infection or antiviral treatment on 
atherosclerosis formation and advancement in different patient 
populations including patients undergoing CABG and/or patients 
with moderate atherosclerosis.   
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investigate the potential latency and replication 
sites of CMV, to determine whether and how 
CMV infection can lead to atherosclerosis. In a 
previous study, we examined the prevalence of 
CMV institution within atherosclerotic plaques 
of coronary artery disease patients undergoing 
coronary artery bypass grafting (CABG) 
identified by PCR test, and found that it was 
significantly higher than normal artery 
specimens. In the current study, we aim to 
review the existing literature to reach to a 
comprehensive conclusion, based on the existing 
evidence in the current literature.  
 
Methods 
To conduct our systematic review, the primary 
search was done using the terms "CMV" and 
“atherosclerosis” as the keywords within the 
time-span of 1990-2013. The literature search 
was performed using the Pubmed database, 
which we believe provides relatively the largest 
published data of the most relevant studies in the 
fields of microbiology and angiology. The search 
was repeated in Google Scholar to find citations 
of the found articles to achieve potential major 
published reports which either have not been 
indexed in Pubmed or have not been retrieved 
through Pubmed search. 
In our search, overall, 242 studies were found 
upon a search of the literature by Pubmed using 
the mentioned keywords. Then abstracts of the 
found reports were screened to find appropriate 
studies associated with our systematic review. A 
majority of the studies, despite the keywords 
used to find them were not associated with our 
review. Finally, 49 studies have been remained, 
and reviewed according to the following 
categorization of the research: Serological 
evidence for associations between CMV 
infection and atherosclerosis, carotid artery, 
CMV antibody and atherosclerosis in Aorta and 
peripheral arteries, and atherosclerosis and 
histopathological evidence for CMV replication. 
 
Serological Evidence for Associations between 
CMV Infection and Atherosclerosis 
Despite strong evidence suggesting a significant 
role for CMV infection on the development of 
atherosclerosis, the nature of the relationship has 

not yet been well elucidated. Several 
epidemiological studies have shown significant 
correlation between CMV serology and 
cardiovascular diseases, and in addition to them 
there are controversial data defying such a 
relationship. Moreover, it seems that CMV has 
differential impact on various arteries. So, we 
believe that any investigation regarding effects 
of CMV infection on atherosclerosis formation 
should be specific to each artery.  
 
Coronary Artery Disease 
Coronary artery is the most frequently 
investigated artery for the examination of the 
relation between atherosclerosis and different 
infectious agents, especially CMV. This 
correlation has been demonstrated in different 
ways, including relation to clinical events 
(myocardial infarction, acute coronary 
syndrome, developing ischemic heart disease) or 
to the extent of atherosclerosis progression. The 
approaches used by the studies are also 
inconsistent. Some have investigated the 
seropositivity of CMV in patients with and 
without coronary artery disease, while in some 
others the end-point and the initial data was vice 
versa. In some studies recurrent coronary events 
have been investigated and in some mortality 
was the end-point. Some others also investigated 
that whether the titre of the anti-CMV IgG can 
predict clinical outcome. One study also 
investigated the relevance of active CMV 
infection defined by CMV IgM and clinical 
disease. The findings reported by different 
studies are also quite controversial.  Gredmark et 
al. [9] in a study on 140 patients including forty 
patients with acute coronary syndrome (ACS), 
50 patients with stable angina (SA) with 
angiographically verified CAD and 50 clinically 
healthy controls. The prevalence of active CMV 
infection defined by IgM positivity was 
significantly higher in patients with ACS (15%) 
and in patients with stable angina (10%) 
compared with controls (2%) [9]. In a 
prospective cohort study of 433 coronary artery 
disease patients and equal number of controls 
followed for 4 years, Mundkur et al. [10] found 
that among 4 infectious types, only anti-CMV 
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antibody levels were a significant risk factor for 
coronary artery disease occurrence (OR 2.23 
[95% CI 1.20 to 4.15]; P=0.011) and recurrent 
cardiac events (OR 1.94 [95% CI 0.85 to 4.45]; 
P=0.015) [10]. Rajasekhar et al. in a case-control 
study of 117 patients [unstable angina (UA) 
n=101 and chronic stable angina (CSA) n = 16] 
found no significant association between CMV 
seropositivity and coronary syndromes [11]. Al-
Ghamdi [12] in another case-control study on 75 
cardiovascular disease patients and 15 healthy 
controls reported that CMV IgG positive rate 
was significantly higher in the case group, and 
individuals with CMV-specific IgG were more 
liable to have vascular disease compared to those 
without (OR=4.10, CI= 1.07-15.75). They also 
found that the CMV-IgG titer was significantly 
correlated with having atherosclerotic vascular 
disease [12]. In another case-control study on 50 
patients with coronary artery disease and 15 
healthy controls, a slightly higher rate of CMV 
IgG was found among the patients, but no 
significance level was observed [13]. Safaie et 
al. [14] in a study on 157 patients undergoing 
coronary angiography, reported that the 
prevalence of CMV positivity was significantly 
higher in coronary artery diseases patients than 
in those without coronary artery diseases (83.2% 
versus 63.6%) [14]. In a very large Indian study 
on over 6 thousand people, Shanker et al. [15] 
reported that coronary artery disease patients 
were significantly more likely to be CMV 
seropositive. Jha et al. [16] in a case-control 
study of 192 CAD patients and 192 healthy 
controls reported that CMV IgG was 
significantly more prevalently positive among 
CAD cases than healthy controls (62/192 vs 
38/192) (P = 0.01). Another study involving 192 
CAD patients and 140 CAD-patients’ close 
relatives revealed no significant difference 
regarding CMV IgG positive rate (62 vs 44) 
[17]. Rothenbacher et al, in a prospective cohort 
of a median follow up time of 38.2 months of 
300 consecutive patients with angiographically 
defined CAD reported no significant association 
between seropositivity to CMV and an increased 
risk for cardiovascular events during follow-up 
[18]. Heltai et al. [19] in a case control study of 

40 cases of acute myocardial infarction, 43 case 
of stable angina and 46 healthy controls reported 
no significant difference in CMV antibody titers 
among the three groups. In a prospective cohort 
study of 60 ACS patients and 31 CAD controls 
who were admitted for elective angiography, 
Timóteo et al. [20] studied the difference 
between serum CMV antibodies (IgG/IgM) at 
admission and at 30 days afterwards, and then 
compared their survival at the 30th day and 6th 
month after admission. On admission, ACS cases 
significantly had higher rate of CMV positivity 
than controls (95% vs. 81%). Patients whose 
CMV antibody titer doubled or more (<3 times) 
during the 30 days were significantly more likely 
to die (17% vs. 11%), and the same observation 
has been reported at the 6th month of follow up 
(50% vs. 15%). No one in the control group died. 
Grahame-Clarke et al. [21] in an interesting 
study on 400 subjects found that CMV positive 
patients had impaired vascular function defined 
by independent significant reductions in 
responses to bradykinin and glyceryl trinitrate; 
but the association between CMV seropositivity 
and coronary artery calcification did not reach 
the significance level (P=0.09) [21]. In a group 
of 140 patients with unstable angina pectoris 
(UA) and in a matched control group, 
Altannavch et al. [22] reported that patients with 
UA had a significantly increased titers of IgG 
antibodies against CMV [22]. Khairy et al. [23] 
in a cross sectional study on 65 male subjects 
without CAD reported 34.9% positivity rate for 
CMV serology, but no dose-response trends 
between serum titers and endothelial function 
was reported [23].  Witherell et al. [24] 
compared 121 cases of first MI with 204 controls 
without MIand found no association between 
cytomegalovirus and MI [24]. Gattone et al. [25] 
investigated 120 post-MI patients and compared 
them with 120 age-matched controls and found 
that anti-CMV IgG was more frequently 
observed in the MI cases than in the control 
subjects. After adjustment for coronary risk 
factors and socioeconomic status, the OR (95% 
CI) for premature MI was 2.9 (1.5-5.8) for CMV 
seropositivity [25]. Another case-control study 
investigated 152 CAD cases (61 unstable angina 
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patients, 43 acute myocardial infarction, 26 
stable angina, and 22 peripheral arteriopathy) 
and 30 healthy controls; and found that mean 
IgG titers were significantly higher in patients 
from all groups compared to healthy subjects 
[26]. In a group of 112 patients with or without 
type 2 diabetes mellitus (NIDDM) and/or 
coronary artery disease (CAD), CMV IgG titres, 
was not different among any of the 4 subgroups: 
29 (54%) in DM (-) MI (-) group, 9 (60%) in MI 
(+), DM (-) group, 12 (55%) in DM (+) MI (-) 
group, and 10 (48%) in MI (+) DM (+) group 
[27]. In a case control study of 233 patients 
undergoing coronary angiography and 68% of 
them representing evidence of CAD, multivariate 
analyses revealed no significant difference 
regarding CMV seropositivity for patients with 
and without CAD [28].  
In a population-based prospective cohort study 
of 726 individuals, after adjusting for 
demographic data, those with the highest CMV 
antibody levels (the upper 20%) showed an 
increased relative risk (RR) of 1.76 (95% CI, 
1.00-3.11) for the coronary heart disease. 81 
patients were categorized as having single-, 
double-, triple-, or no coronary vessel 
involvement. Anti-CMV antibodies could 
significantly predict the extent of atherosclerosis 
[29]. The association between CAD and CMV 
infection has also been reported to be dependent 
to other factors. A cross-sectional study by Zhu 
et al. [30] blood samples were taken from 238 
individuals being evaluated for CAD by 
coronary angiography and tested for CMV 
seropositivity and CRP levels. Multivariate 
analysis showed that CMV seropositivity was 
significantly associated with coronary artery 
disease only when it was simultaneous with 
elevated CRP. Neither CRP nor CMV 
seropositivity were alone not significant 
predictors of CAD [30]. In a prospective cohort 
study by Blum et al. [31] 65 patients (50 men 
and 15 women) with coronary artery disease 
were followed for 12 months with a thallium 
perfusion scan, after undergoing balloon 
coronary angioplasty. Patients with high 
antibody titer (> or = 1:800) had a higher 
restenosis rate than patients with a low antibody 
titer (< or = 1:400) [31]. However, another study 

bu Adler et al. [32] on non-transplant patients 
undergoing coronary angiography showed no 
significant relationship between CMV and 
development of CAD [32]. Finally a meta-
analysis involving 9,000 cases and 8,608 
controls reported that people with CMV 
infection had a significant risk for CAD [OR 
1.67 (95% CI 1.56-1.79)] relative to those not 
exposed. CMV infection was a risk factor for 
coronary disease in both prospective studies 
[OR, 1.31; 95% CI, 1.132-1.517] and 
retrospective studies [OR, 1.79; 95% CI, 1.659-
1.939], and in both Asian group [OR, 2.69; 95% 
CI, 2.304-3.144] and non-Asian group [OR, 
1.48; 95% CI, 1.371-1.600] [33]. Gabrylewicz et 
al. [34] investigated 158 subjects (70 patients 
with acute MI, 40 patients with stable angina, 
and 48 healthy controls) and found that anti-
CMV IgG positivity was significantly more 
likely to be found in the 110 CAD patients than 
that in the healthy controls, but the difference 
between the first two groups was not significant 
[34]. ]. Table 1. summarizes data of studies 
investigating serological evidence of associations 
between CMV infection and atherosclerosis 

Carotid Artery 
Carotid artery atherosclerosis and its correlation 
with CMV seropositivity has also been 
investigated in several articles. Espinola-Klein et 
al. [35] in a study on 504 patients (75% men) 
measured the intima-media thickness (IMT) of 
the common carotid artery and the prevalence of 
a internal or external carotid artery stenosis; and 
after adjustments for common risk factors, they 
reported that CMV independently increased the 
risk for the internal or external carotid artery 
stenosis (OR 1.7, 95% CI 1.1 to 2.8) for IgG 
titers and for IgA titers (OR 2.3, 95% CI 1.1 to 4. 
9)[35].  
In another study, authors studied the association 
between CMV antibody titers of 300 adult 
residents. The association between CMV 
antibodies and carotid atherosclerosis was   
restricted to those with high lipoprotein(a) and 
fibrinogen values [36]. In a Canadian study on 
76 patients with carotid artery stenosis, 
endarterectomy specimens were studied for 
atherosclerotic plaques and correlated with CMV 
seropositivity.
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Table 1. Associations between CMV seropositivity and coronary artery disease 

Study  Reff Population  CMV determinant End-point Relation Study methodology 

Gredmark et al. 9 140: 40 ACS; 50 SA; 50 HC CMV IgM ACS, SA Exists  Case-control 
Mundkur et al. 10 866: 433 CAD & 433 HC Seropositivity CAD; recurrent cardiac events Exists  Prospective cohort  
Rajasekhar et al. 11 117: 101 UA; 16 SA Seropositivity UA, SA Not exists Case-control 
Al-Ghamdi et al. 12 90: 20 ACS; 15 Cerebral Stroke; 15 PAD; 15 

HC 
CMV IgG ACS, SA, SS, PAD Exists Case-control 

Al-Ghamdi et al. 13 65: 20 ACS, 30 SA, 15 HC CMV IgG ACS, SA Not exists Case-control 
Safaie et al. 14 157; coronary angiography CMV IgG CAD confirmed by 

angiography 
Exists  Case-control 

Shanker et al. 15 6053: 2131 CAD; 3901 HC CMV IgG  Antibody titers in CAD Exists  Case-control 
Jha et al.  16 384: 192 CAD; 192 HC CMV IgG  CAD Exists  Case-control 
Jha et al. 17 332; 192 CAD; 140 first degree relatives CMV IgG  CAD Not exists Case-control 
Rothenbacher et 
al. 

18 300 CAD confirmed by angiography CMV-serology Cardiovascular  events  Not exists Prospective cohort 

Heltai et al. 19 129; 40AMI; 43 SA; 40 HC CMV-serology Antibody titers Not exists Case-control 
Timóteo et al. 20 91; 60 AMI; 31 CAD on elective 

angiography 
CMV serology  Death  Exists  Prospective cohort 

Grahame-Clarke 
et al. 

21 400: 157 underwent venous occlusion 
plethysmography 

CMV IgG  1. Response to bradykinin/ 
glyceryl trinitrate; 
2. Coronary artery calcification 

1. exists  
2. not exists 

Case-control 

Altannavch et al. 22 280: 140 UA; 140 HC CMV IgG  Antibody titer Exists   Case-control  
Khairy et al.  23 65 male without CAD CMV IgG/IgM 

(positivity & titer) 
Endothelial dysfunction 1. Exists 

2. Not exists 
Case-control 

Witherell et al. 24 325: 121 MI; 204 no MI CMV IgG  MI Not exists Case-control 
Gattone et al. 25 240: 120 MI; 120 no MI CMV IgG  MI Exists  Case-control 
Borgia et al. 26 182: 61 UA; 43 MI; 26 SA; 22 PAD; 30 HC Mean IgG titers CAD Exists  Case-control 
Weber et al. 27 112 IgG positivity CAD and/or T2DM Not exists Case-control 
Zhu et al. 28 233: 68% CAD  IgG seropositivity CAD confirmed by 

angiography 
Not exists Case-control 

George et al. 29 81 patients under coronary angiography CMV antibodies Extent of coronary disease Exists  Case-control 
Zhu et al. 30 238 patients under coronary angiography CMV antibodies CAD Exists (conditional]  Case-control 
Blum et al. 31 65 CAD undergoing balloon angioplasty CMV titer Restenosis Exists  Prospective cohort 
Adler et al. 32 900 patients under coronary angiography CMV antibody CAD Not exists Case-control 
Gabrylewicz et al. 34 158: 70 acute MI; 40 SA; 48 HC CMV IgG  CAD Exists  Case-control 
Sorlie 42 726: 221 CAD; 505 HC Highest CMV titer 

(upper 20%) 
CAD Exists  Prospective cohort 
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CMV antibody was detected in 27 (35.5%) 
subjects (CI, 24.9% to 47.3%; p<0.001); 
moreover, CMV (57.8%) was more prevalently 
found in the atherosclerotic plaques with 
thrombosis than those without (58% vs. 17%, 
respectively) [37]. In a cross-sectional study of 
163 patients receiving virologically suppressive 
cART, no difference in anti-CMV IgG was 
detected respecting IMT pathological status [38]. 
Anti-CMV antibody titers of 109 high-grade 
internal carotid artery stenosis patients 
(asymptomatic n = 40, symptomatic n = 69) 
undergoing surgery were found seropositive in 
72,5% of the cases, but there was no significant 
relationship between CMV serology and 
symptomatic atherosclerosis [39]. In a cross-
sectional survey including 237 adults, in 
univariate linear analysis, increased IMT was 
associated with CMV IgG titer but in 
multivariate analysis, there was no independent 
significant relationship [40]. In another case-
control study by Nieto et al. [41] 150 individuals 
with increased carotid IMT were controlled by 
150 age- and sex-matched individuals with low 
IMT. Case subjects had higher mean CMV 
antibody titers in their sera than control subjects, 
although after adjustments for other 
cardiovascular risk factors, the difference was 
not statistically significant. However, when the 
data have been graded, they found a significant 
relation between the odds of IMT and the levels 
of CMV antibodies that remained significant 
after adjustment for the main cardiovascular risk 
factors [41]. CMV antibody was measured in 
340 matched case-control pairs from the 
Atherosclerosis Risk in Communities (ARIC) 
Study, and there was a modest but not significant 
association between CMV and asymptomatic 
carotid wall thickening consistent with early 
atherosclerosis [42]. The levels of CMV 
antibody have been determined in 157 caucasian 
male patients undergoing vascular surgery for 
atherosclerosis and their data has been compared 
to a matched control group of patients with high 
cholesterol levels; and the prevalence of CMV 
positivity and high antibodies titers were both 

higher was higher in the surgical group than in 
the control group [43]. 
 
CMV Antibody and Atherosclerosis in Aorta 
and Peripheral Arteries 
The significance of positivity of CMV antibody 
in the arteries other than coronary and/or carotid 
has not been vastly investigated. However, we 
tried our best to find any study that have issued 
this topic. Grub et al. [44] in a case-control study 
of 149 subjects (including 119 patients and 30 
healthy controls), but found no significant 
associations between CMV antibody and the 
occurrence of aortic adventitial mononuclear cell 
infiltrates [44]. In another study of 155 
individuals (119 patients with abdominal aortic 
aneurysm and 36 matched controls) were 
investigated prospectively by CMV serology. 
The study findings suggests that patients with 
ruptured abdominal aortic aneurysm have similar 
levels of IgG antibodies against CMV as patients 
with nonruptured abdominal aortic aneurysm, 
small abdominal aortic aneurysm, and controls 
without abdominal aortic aneurysm [45]. In 
another case-control study, 31 patients suffering 
from lower limb ischemia and 11 healthy 
controls were investigated about their anti-CMV 
IgG titers, and the study showed that CMV-IgG 
titers were significantly more frequently positive 
for either patients with peripheral arterial disease 
or patients with diabetic macroangiopathy, 
compared to healthy controls [46]. In a large 
population-based study of 1931 individuals, 
increased CMV antibody titres were significantly 
associated systolic and diastolic blood pressure 
elevation, and associated inversely with brachial 
artery flow-mediated dilation in males, but in 
females, no significant association was found. 
Multivariate regression models confirmed 
independent association with all of the 3 
mentioned factors in men [47]. Another 
population-based study by Bloemenkamp et al. 
[48] using serum samples of 228 young women 
with PAD and 643 control women, CMV IgG 
antibody titres were determined. There was a 
significant relation between serological evidence 
for infection with CMV and PAD [OR 1.6 (95% 
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CI; 1.1-2.3] [48]. 96 angiographic evaluations on 
100 patients with of clinical signs or symptoms 
suggesting renovascular hypertension have been 
reported by van der Ven et al. [49] from which 
atherosclerotic lesions were documented in 67 
patients (70%), and in 49 patients (51%) such 
lesions were present at the level of the renal 
artery. However authors reported no significant 
relation between CMV seropositivity and 
atherosclerosis [49]. 
 
Atherosclerosis and Histopathological 
Evidence for CMV Replication 
Although the first and largest evidence regarding 
potential associations between CMV and 
atherosclerosis came from seroepidemiological 
studies, more recent histopathological studies 
confirming replication of the virus within the 
atherosclerotic artery walls have strongly 
confirmed such a relationship. On the other 
hand, there are controversial reports that either 
have detected no CMV DNA within 
atherosclerotic plaques or the difference to the 
healthy arterial walls was not significant. We 
start reviewing this section with our own study, 
which we believe that it provides one of the best 
evidence on such a relationship to the literature, 
due to its large sample size and strong 
methodology. This study included 105 patients 
undergoing coronary artery bypass grafting 
(CABG) at our institution, and atherosclerotic 
plaques as well as 53 specimens from the 
mamillary artery of these same patients were 
analyzed by PCR. The CMV PCR test result was 
positive for 28 (26.7%) of patients with coronary 
artery atherosclerosis. After adjusting for other 
risk factors, patients with a history of acute 
coronary syndrome were more likely to be 
positive for CMV PCR test (P=0.027; odds ratio: 
4.2; 95% CI: 1.18-15.0) and they were also more 
likely to have a positive family history for 
cardiovascular diseases [50]. In another cross 
sectional study, percent positivity scores for 
CMV in different vascular locations were as 
follows: aorta (11.7%); carotid (9%); coronary 
artery (16.6%). Aorta and coronary artery were 

more susceptible to these pathogens as compared 
with carotid artery. [34]. In a cross sectional 
study on large cerebral vessels, autopsy 
specimens from ten men and nine women were 
included in the study but authors failed to detect 
CMV in any of the investigated specimens [52]. 
In a Japanese study, overall 50 carotid 
atherosclerotic plaques resected during carotid 
endarterectomy and analyzed by PCR, but no 
positive case for CMV DNA has been deteced 
[53].Samples from 3 different vascular wall 
specimens (coronary, carotid and abdominal 
aortas) of 30 patients (23 male, 7 female) were 
obtained for pathologic and microbiologic 
investigations during autopsy. CMV DNA was 
found in 37.9% atherosclerotic and 32.7% non-
atherosclerotic vascular wall specimens (3(50%) 
atherosclerotic vs. 4(16.7%) non atherosclerotic 
coronary; 5(41.7%) atherosclerotic vs. 7 (38.9%) 
non-atherosclerotic carotid; 3(27.3%) 
atherosclerotic vs. 9 (47.4%) non-atherosclerotic 
abdominal aortic arteries.). No statistically 
significant differences were found between the 
atherosclerotic and non-atherosclerotic groups in 
any of the 3 investigated arteries [54]. Fifteen 
atherosclerotic coronary artery specimens and 15 
samples from internal mammary arteries without 
atherosclerotic degeneration were investigated. 
CMV was detected in 67% samples from cases 
and in 47%) samples of the internal mamillary 
artery; no comparison has been performed, 
although there seems not to be a significant 
difference between the two groups [55]. In a 
population based study, individuals with 
echolucent (n=29) or echogenic (n=28) carotid 
artery plaques, and controls without carotid 
plaques (n=38) were investigated for CMV DNA 
in thier peripheral blood mononuclear cells 
sample; but no positive case has been detected 
[56]. In a case-control study, authors divided 38 
coronary plaque specimens obtained from 38 
patients who underwent coronary atherectomy or 
thrombectomy into an ACS group (n = 21) and a 
non-ACS group (n = 17). The detection rate for 
CMV-positive cells in ACS patients was slightly 
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higher than non-ACS controls [57]. In a cross-
sectional study by Westphal et al. [58], aortic 
biopsy as well as blood samples of 68 CABG 
patients was investigated for CMV-DNA 
detection and CMV-DNA was detected in the 
aortic tissue of 76% of patients [58]. Müller et al. 
[39], investigated 53 carotid plaques 
(asymptomatic n = 17, symptomatic n = 36) for 
CMV DNA by PCR test, but found no CMV in 
any of the plaques [39]. Latsios et al. [59] 
investigated 83 carotid atherosclerotic specimens 
but found no individual positive case of CMV 
DNA in any of the examined samples (0%) [59]. 
In a Syrian study, Ibrahim et al. [60] investigated 
48 biopsies from atherosclerotic plaques 
extracted by endarterectomy (46 coronary 
arteries, 2 carotid arteries), and in tissue from 
non-atherosclerosis vessels from the same 
patient as controls (23 internal mammary 
arteries, 43 saphenous veins). CMV DNA was 
exclusively detected in the atherosclerotic 
plaques (10%) but in no controls [60]. 
Gabrylewicz et al. [34] in a case control study, 
investigated 158 subjects (divided into 3 groups: 
70 with acute MI, 40 with stable angina, and 48 
healthy controls), and found that patients with 
acute MI had a significantly higher prevalence of 
serum DNA CMV than in the remaining groups 
[34]. Shi et al. [61] studied aortic tissues from 33 
autopsies, atherosclerotic tissues were positive 
for CMV in 40%. CMV DNA was detected more 
extensively in atherosclerotic lesions than in 
non-atherosclerotic samples [61]. We collected 
coronary arterial walls from thirty patients as 
research material at autopsy. Leukocytes were 
obt ained from 210 patients with atherosclerostic 
cerebral infarction and were used to detect 
CMV. 86.7% and 83.3% of the samples obtained 
from atherosclerotic carotid and coronary arterial 
walls, respectively, were positive for contain 
viral nucleic acids (CMV), CMV could be found 
among 6.7% of patients' arterial wall without 
atherosclerosis, significant difference can be 
found between them (P < 0.01). In blood CMV 

could be found in 42.4% of patients with 
atherosclerosis, in the control group, only 3% of 
samples had CMV, P < 0.01 [62]. Rassu et al. 
[63] cross-sectionally investigated 18 patients 
with atherosclerosis of 5 major arteries, and 
CMV found only in 17% of them [63]. Saetta et 
al. [64] investigated carotid endarterectomy 
specimens from 40 patients suffering from 
atherosclerosis and showed the absence of CMV 
particles or CMV DNA sequences analyzed 
using immunohistochemistry and PCR in all the 
specimens [64]. Horváth et al. studied 244 
ischemic heart disease patients and compared 
their data with 87 coronarographically negative 
controls. The CMV DNA was found 
significantly more frequently in the ischemic 
group than in controls (76% and 59%, 
respectively) [65]. Bartels et al. [66] studied 
38occluded coronary artery vein grafts and 20 
native saphenous veins, but found no positive 
case of CMV DNA test in any of the specimens 
[66]. Melnick et al. [67] obtained arterial 
specimens from 135 patients with symptomatic 
atherosclerotic disease and analyzed the samples 
by PCR for the presence of CMV DNA. CMV 
DNA was detected in over 3/4th of 
atherosclerotic plaque tissues as well as in 
uninvolved aortic tissue of surgical patients [67]. 
Tissue samples were obtained from 44 patients 
undergoing reconstructive vascular surgery for 
obstructive atherosclerotic disease in (femoral 
artery (22 cases), abdominal aorta (22cases); and 
their data was compared to the autopsy-control 
series containing 34 patients whose samples 
were taken from the abdominal aorta. By PCR 
90% of the samples obtained from 
atherosclerotic patients were positive for CMV 
DNA compared to 53% of patients with 
maximally grade I atherosclerosis, which showed 
statistically significant difference [68]. 
Gredmark-Russ et al. [69] surveyed the 
prevalence of CMV in abdominal aortic 
aneurism specimens from 22 patients undergoing 
surgery and found that 21(95%) of the specimens  
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Table 2. Associations between CMV Histopathological evidence and atherosclerotic disease 
Study  Reff Population  End-point Relation Study 

methodology 
Gabrylewicz et 
al. 

34 158; 70 MI; 40 SA; 48 HC CMV DNA in serum Exists Case-control 

Müller et al. 39 53 carotid specimen; 17 asympt; 36 sympt. CMV DNA prevalence 0% Cross-sectional 
Izadi et al. 50 105 CABG ACS; family history Exists  Cross-sectional 
Voorend et al. 52 19 autopsy specimen CMV DNA within large 

cerebral vessels 
Not exists Cross-sectional 

Hagiwara et al. 53 50 carotid endarterectomy CMV DNA  Not exists Cross-sectional 
Kilic et al. 54 30 autopsy specimens CMV DNA  No significance Cross-sectional  
Pucar et al. 55 15 CABG CMV DNA  No significance Cross-sectional 
Halvorsen et 
al. 

56 95; 29 echolucent; 28 echogenic carotid A.; 38 
HC 

CMV DNA in peripheral 
blood 

Not exists Cross-sectional 

Liu et al. 57 38; 21 ACS; 17 no ACS CMV antigen  Exists  Case-control 
Westphal et al. 58 68 CABG CMV DNA prevalence 76% Cross-sectional 
Latsios et al. 59 83 carotid specimens CMV DNA prevalence 0% Cross-sectional 
Ibrahim et al. 60 48 endarterectomy CMV DNA Exists  Cross-sectional 
Shi et al. 61 33 autopsies; 10 atherosclerotic aortic sample; 

23 non atherotic 
CMV DNA  Exists  Case-control 

Hu et al. 62 90; 60 atherosclerotic (30coronary/30carotid) 
and 30 no atherotic 

CMV DNA  Exists  Case-control 

Rassu et al. 63 18 patients with atherosclerosis CMV DNA prevalence 17% Cross-sectional 
Saetta et al. 64 40 carotid endarterectomy  CMV DNA & particles; 

prevalence 
0% Cross-sectional 

Horváth et al. 65 244 ischemic heart disease; 87 non-ischemic 
samples 

CMV DNA  Exists  Case-control 

Bartels et al. 66 58; 38 coronary artery vein grafts; 20 naives  CMV DNA  Not exists  Case-control 
Melnick et al. 67 135 patients with symptomatic atherosclerosis CMV DNA prevalence 3/4th of the 

tested specimens 
Case-control 

Hendrix et al. 68 78; 44 atherosclerotic; 34 controls CMV DNA  Exists  Case-control 
Gredmark-
Russ et al. 

69 22 cases of abdominal aortic aneurism CMV DNA prevalence 95% Cross-sectional 

Reszka et al. 70 60; 40 atherosclerotic patients; 20 controls CMV DNA  Not exists Case-control 
Radke et al. 71 53 coronary endarterectomy Restenosis   Exists  Case-control 

 
were CMV positive [69]. Reszka et al. [70] 
evaluated he specimens obtained from 40 
patients with atherosclerotic three-vessel stable 
coronary artery disease and compared them with 
specimens obtained from 20 healthy controls 
undergoing aortic valve replacement. CMV 
DNA was found in 22 (55%) cases, and authors 
concluded that there was no significant 
difference in the frequency of finding CMV 
DNA between cases and controls [70]. Radke et 
al. [71] investigated 53 cases of coronary 
endatherectomy and found CMV DNA in 30% 
and restenosis were more likely to be found in 
specimens in which CMV was detected (five of 
16 versus two of 37) [71]. Table 2 summarizes 
data of studies investigating histopathological 

evidence of associations between CMV infection 
and atherosclerosis. 
Conclusion 
Although the literature includes controversial 
evidence for any association between CMV 
infection and arterial atherosclerosis, the 
majority of studies, especially those with larger 
patient population and stronger data are in favor 
of existence of such a relationship. However, 
there was no study investigating the impact of 
antiviral therapy on this risk evaluation. 
Moreover, the number of prospective studies was 
very limited. So, we believe that future studies 
should be directed towards prospective studies 
investigating either the impact of CMV infection 
or antiviral treatment on atherosclerosis 
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formation and advancement in different patient 
populations including patients undergoing 
CABG and/or patients with moderate 
atherosclerosis.   
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