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A B S T R A C T

Background: The role of chronic Cytomegalovirus (CMV) infection and inflammation in 
the pathogenesis of atherosclerosis and Coronary Artery Disease (CAD) is still not clear.
Objectives: This study aimed to explore the seroprevalence of anti-CMV antibodies and 
inflammatory markers in patients with stable angina who had undergone diagnostic 
coronary angiography for clinical suspicion of CAD.
Patients and Methods: This cross-sectional, descriptive study was conducted on 
181 patients with stable angina selected randomly among the patients referred to 
Seyyedoshohada Heart Hospital of Urmia, Iran for diagnostic coronary angiography 
between August 2012 and December 2013. The patients were categorized into CAD 
and non-CAD groups based on their angiographic findings. Then, anti-CMV IgG and 
IgM antibodies were tested using the Enzyme-Linked Immunosorbent Assay (ELISA) 
method (Diapron, Rome, Italy). Serum C-Reactive Protein (CRP) was also measured by 
a qualitative method (Aniston Kit).
Results: Based on angiographic findings, 141 patients (77.9%) had atheromatous plaques 
in their coronary arteries, while coronary arteries were free of any plaques in 40 cases 
(22.1%). Besides, 99.3% of the patients in the CAD group and all the patients in the 
non-CAD group were anti-CMV IgG positive. The rate of anti-CMV IgM seropositivity 
was 11.7% in the CAD group and 13.2% in the non-CAD group (P = 0.78). However, no 
significant difference was observed between the groups with and without angiographically-
documented CAD in terms of CRP seropositivity (64.7% vs. 56.4%, P = 0.34).
Conclusions: Regardless of having angiographically-proven CAD, almost all the cases 
referred for coronary angiography in our study had a previous exposure to CMV infection 
as determined by the presence of anti-CMV IgG antibodies in their sera. In fact, the results 
indicated no significant associations between CMV infection and the presence of CAD.
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1. Background
Cytomegalovirus (CMV) is a β-herpesvirus, which infects 

40 - 100% of adults and is endemic in all regions of the 
world (1, 2). It could be associated with persistent, latent, 
and recurrent infections. Besides, it has been shown that 
the reactivations of the latent virus could happen in the 
vascular wall cells (3).

Despite a decade of experimental and clinical 

►Implication for health policy/practice/research/medical education:
The results of the current study showed that because of widespread exposure of Iranian general population to CMV infection, almost all the cases 

who referred for coronary angiography in our hospital were seropositive for CMV. However, no association was observed between CMV infection 
and the presence of CAD, which could be justified by the high rate of CMV-specific Ig G seropositivity. This finding rejects the need for and benefit 
of serological assessment of patients with suspected acute coronary syndrome for CMV in Iran.

Cytomegalovirus Infection and Coronary Artery Disease: A Single-
Center Serological Study in Northwestern Iran
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investigations, the role of inflammation and infections in 
the pathogenesis of atherosclerosis is still not clear. Among 
all other pathogens, CMV infection was studied more and 
was claimed to be a potential trigger for atherosclerosis 
and Coronary Artery Disease (CAD) (4). However, the 
available data are not entirely consistent. Some studies 
showed a significant association between CMV infection 
and atherosclerosis/CAD (3, 5-10), while some others did 
not (11-23). Ji et al. conducted an aggregate data meta-
analysis involving 9,000 patients with CAD and 8,608 
controls from a total of 55 studies, and concluded that CMV 
infection was associated with an increased risk of CAD 
(24). In this regard, some suggested potential mechanisms 
include vessel wall colonization, enhancement of body’s 
pre-existing inflammatory response to risk factors such as 
hyperlipidemia, destabilization of the pre-existing plaques 
by activating the immune response, endothelial dysfunction, 
or even cross-reaction of the anti-CMV antibodies with 
heat shock proteins during the CMV infection and the 
subsequent apoptosis of the non-stressed endothelial cells 
(16, 25-28). Yet, the most accepted mechanism through 
which CMV may contribute to atherogenesis is provocation 
of inflammatory response in the host (29). The previous 
studies indicated that CMV was detected in atherosclerotic 
plaques (30). Moreover, Liu et al. showed that the presence 
and severity of CMV infection in coronary plaques were 
associated with the incidence of Acute Coronary Syndrome 
(ACS) (31).

2. Objectives
Considering the controversy that still exists in the field, 

the present study aims to investigate the seroprevalence of 
anti-CMV antibodies and inflammatory markers in patients 
with stable angina who had undergone diagnostic coronary 
angiography for clinical suspicion of CAD.

3. Patients and Methods
This descriptive, cross-sectional study was conducted with 

the approval of the Institutional and Ethics Review Boards 
of Urmia University of Medical Sciences, Iran. The patients 
with stable angina who were referred by a cardiologist 
for diagnostic coronary angiography to Seyyedoshohada 
Heart Hospital of Urmia, West-Azerbaijan province, Iran 
between August 2012 and December 2013 were selected 
using simple random sampling. However, the patients with 
myocardial infarction during the last 3 months, those with 
known malignant diseases or a febrile infection within the 
last month, the patients who refused to give consent, and 
those with an unstable condition were excluded from the 
study. A patient was defined to have CAD if there was an 
angiographic evidence of any plaques in any segment of the 
epicardial coronary arteries. On the other hand, a patient 
was defined as “non-CAD” if all the coronary arteries were 
judged based on the angiography to be free of plaques.

Prior to angiography, five mL of arterial blood was 
obtained from each patient and after being centrifuged, 
the serum was stored at -80°C. The blood samples were 
tested for anti-CMV IgG and IgM antibodies using the 
Enzyme-Linked Immunosorbent Assay (ELISA) method 
(Diapron, Rome, Italy). According to the manufacturer’s 

instructions, CMV IgG > 0.5 IU/mL was considered to be 
positive, IgM < 8 Arbitrary Units (AU)/mL was determined 
to be seronegative, IgM ≥ 8 but < 12 AU/mL was considered 
to be equivocal, and IgM ≥ 12 AU/mL was determined as 
seropositive. It should be noted that positive CMV IgG and 
IgM in a symptomatic individual implies that one most 
likely has either an active primary or a reactivated latent 
CMV infection. Besides, positive CMV IgM and negative 
IgG means that the individual may have been infected very 
recently. Positive CMV IgG but negative IgM also reflect 
past exposure or latent infection. Finally, patients with no 
current or prior infection are expected to be seronegative 
for both CMV IgM and IgG assays. In this study, serum 
C-Reactive Protein (CRP), as a marker of inflammation, was 
measured by a qualitative method using the commercially-
available Aniston Kit. Additionally, information regarding 
age, sex, fasting blood sugar levels, and lipid profile was 
gathered through a chart review.

This study was performed on 160 participants with stable 
angina who underwent diagnostic coronary angiography, 
with 112 subjects being allocated to the CAD group and 
48 ones being allocated to the control group. This sample 
size was selected based on the prevalence rates of 90% 
and 70% in the CAD and control groups, respectively (32), 
power of 80%, and two-tailed α of 0.05 (33). The continuous 
variables were presented as mean ± Standard Deviation 
(SD), while the categorical ones were presented as frequency 
and percentage. The groups with and without CAD were 
compared using independent t-test for continuous variables 
and Chi-square or Fisher’s exact test for categorical 
variables. Given the high seroprevalence of anti-CMV 
antibodies in both groups, no multivariate regression 
analysis was performed. All the statistical analyses were 
done using the IBM SPSS statistical software, version 21 
and P < 0.05 was considered to be statistically significant.

4. Results
This cross-sectional study was conducted on 181 patients 

who were referred by a cardiologist for diagnostic coronary 
angiography. The mean age of the patients was 57.6 ± 11.1 
years (age range: 29 - 95 years) and 87.1% were 45 years of 
age and above. Additionally, 91 cases (50.3%) were male, 
41.6% suffered from diabetes, and 70.6% had dyslipidemia.

Coronary plaques were observed in a single coronary 
artery in 77 (42.5%), in two coronary arteries in 29 (16.0%), 
and in all the three major coronary branches (including left 
anterior descending, left circumflex, and right coronary 
arteries) in 35 patients (19.3%). On the other hand, coronary 
angiography was free of any plaques in forty cases (22.1%) 
that were considered to be “non-CAD”.

Based on the results of ELISA, 171 (99.4%) and 21 (12.0%) 
cases were seropositive for anti-CMV IgG and IgM, 
respectively. Also, 112 cases (62.9%) were seropositive for 
CRP. The results of comparison of the two groups regarding 
the patients’ characteristics and laboratory test results have 
been presented in Tables 1 and 2. Accordingly, the patients’ 
mean age was higher in the CAD group compared to the 
non-CAD group (58.7 ± 10.9 vs. 53.6 ± 10.9; P = 0.01). 
However, this age difference did not remain significant after 
categorization of the patients to ages < 45 years and 45 years 
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or above (P = 0.27). Also, no significant sex difference was 
found between the groups with and without CAD (P = 0.06). 
Moreover, almost all the cases (99.3 in the CAD group and 
100% in the non-CAD group) were anti-CMV IgG positive. 
As expected, the rates were lower for anti-CMV IgM (11.7% 
in the CAD group versus 13.2% in the non-CAD group, P = 
0.78). Nonetheless, no significant difference was observed 
between the groups with and without angiographically-
documented CAD in terms of CRP seropositivity (P = 
0.34). Regardless of the CAD classification, the rate of 
CRP seropositivity was significantly higher in the CMV 
IgM positive group compared to the IgM negative patients 
(95.2% vs. 52.8%, P = 0.001).

5. Discussion
This study was conducted on 181 patients who underwent 

diagnostic coronary angiography for clinical suspicion of 
CAD. According to the study findings, the rate of anti-
CMV IgG seropositivity was very high and almost all the 
patients had previous exposure to CMV infection. Besides, 
no significant difference was found between the groups 
with and without CAD in terms of their previous exposure 
to CMV infection. Also, no significant association was 
observed between CRP (as the marker of inflammation) 
and CAD.

Another study by our group showed an anti-CMV IgG 
seropositivity rate of 77.4% among hemodialysis patients 
(2), which is lower than the rate observed among the 
CAD patients in the current study. This observation is 
actually intriguing considering the compromised immune 
function in patients with end-stage renal disease. On one 
hand, immunodeficiency predisposes patients to viral and 
bacterial infections and, on the other hand, the immune 
system is unable to produce an adequate amount of 
antibody in immunocompromised patients. The high rate 
of anti-CMV IgG seropositivity is not a rare phenomenon 

even in healthy individuals. A study in northwest of 
Iran revealed more than 98% seropositivity for CMV in 
a group of healthy blood donors (34). Also, the results 
of the research by Nikolopoulou et al. indicated the rate 
of anti-CMV IgG to be 95.5% among the patients with 
angiographically-documented stable CAD (35), which is 
similar to our findings in the CAD group. Alavi et al. also 
performed a study in southern Iran and reported a high 
rate of anti-CMV IgG seropositivity in patients with CAD 
as well as in controls (93% of the patients with unstable 
angina and 96.7% of the controls) (11).

In a similar study by Safaie et al. in Iran’s East Azerbaijan 
province (a neighboring province to ours), CMV infection 
was detected in 83% of the CAD cases and 63% of the 
non-CAD group. That specific study showed a significant 
association between CMV infection and CAD (32). 
However, because of the very high rate of CMV IgG 
seropositivity, we failed to evaluate any association 
between CMV infection and CAD in the current study.

Although many previous studies showed a significantly 
higher rate of CRP seropositivity in individuals with CAD 
compared to those without (5, 10, 17), we failed to find any 
significant associations between CRP seropositivity and 
the presence of CAD. One limitation could be the use of 
contemporary CRP assays instead of high-sensitive CRP 
test in this study. It could also result from the possible 
difference between the non-CAD groups in different 
studies. In our study, the non-CAD group included the 
patients who were referred by a cardiologist for diagnostic 
coronary angiography and their coronary trees were free 
of plaques. Naturally, there was some suspicion of CAD in 
these patients, which made them a candidate for coronary 
angiography. Hence, these patients might have some 
spectrums of atherosclerosis, but have not yet established 
a disease. Especially in Urmia, West-Azerbaijan province, 
because of the small number of interventionists and 

Table 1. Patients’ Characteristics and Biochemical Results
Total (N = 181) CAD Group (N = 141) Non-CAD Group (N = 40) P value

Characteristics
Age 57.6 ± 11.1 5.8 ± 10.9 53.6 ± 10.9 0.011
Age ≥ 45 years; n (%) 155 (87.1%) 124 (88.6%) 31 (81.6%) 0.278
Male Sex; n (%) 91 (50.3%) 76 (53.9%) 15 (37.5%) 0.067
Dyslipidemia; n (%) 60.85 (70.6%) 49.65 (75.4%) 11.20 (55.0%) 0.080
Test results
Total Cholesterol (mg/dL) 179.1 ± 50.5 183.5 ± 52.9 164.5 ± 39.2 0.152
HDL (mg/dL) 42.6 ± 11.1 42.3 ± 10.1 43.8 ± 14.0 0.602
LDL (mg/dL) 93.1 ± 31.1 96.2 ± 32.8 83.5 ± 23.0 0.110
Triglyceride (mg/dL) 166.8 ± 89.6 167.7 ± 90.3 164.0 ± 89.5 0.871
FBS 131.2 ± 56.8 137.6 ± 61.1 105.2 ± 20.2 < 0.001
FBS ≥ 126 mg/dL; n (%) 47 (38.8%) 40 (41.2%) 7 (29.2%) 0.277
Abbreviations: CAD, coronary artery disease; FBS, fasting blood sugar; HDL, high-density lipoprotein; LDL: low-density lipoprotein

Table 2. The Main Study Findings 
CAD Group (N = 141) Non-CAD Group (N = 40) P value

Anti-CMV lgG Seropositivity; n (%) 134.135 (99.3%) 37.37 (100%) 1.000
Anti-CMV lgM Seropositivity; n (%) 16.137 (11.7%) 5.38 (13.2%) 0.782
Postitive CRP; n (%) 90.139 (64.7%) 22.39 (56.4%) 0.341
Abbreviations: CAD, Coronary artery disease; CMV, Cytomegalovirus; CRP, C-reactive protein
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limited resources, cardiologists have to be very selective 
on referring patients for diagnostic coronary angiography.

In the present study, ELISA method was used to detect 
the CMV-specific IgG antibodies in the serum. One 
of the suggested mechanisms for the role of CMV in 
atherogenesis is CMV colonization at the vessel wall cells. 
It should be noted that infection in the vessel wall may not 
be detected by antibodies in the serum (36). Based on the 
meta- analysis performed by Ji et al., only seven studies 
so far have used the Polymerase Chain Reaction (PCR) 
assay, as a more sensitive test, for detecting CMV infection. 
According to the results of this meta-analysis, these PCR 
studies revealed a much stronger association between CMV 
infection and CAD compared to ELISA studies (OR = 8.12 
for PCR studies vs. 1.56 for ELISA studies) (24).

It should be mentioned that acute, sub-acute, and 
chronic infections may play differential roles in inducing 
atherosclerosis and the subsequent cardiovascular diseases. 
To date, chronic infection has been proposed to be the main 
culprit for the role of CMV in atherogenesis. Yet, further 
studies are required to be conducted in this area. Although 
we had data about IgM seropositivity in the current study, 
the criterion for chronic infection was defined as detection 
of anti-CMV IgG antibodies in the serum. Thus, the CMV-
specific IgG data were of more use here compared to the 
anti-CMV IgM data.

In conclusion, regardless of having angiographically-
proven CAD, almost all the cases who referred for 
diagnostic coronary angiography in our study had a 
previous exposure to CMV infection as determined by 
the presence of anti-CMV IgG antibodies in their sera. 
In fact, no significant association was observed between 
CMV infection and the presence of CAD.
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