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The Probable Role of Cytomegalovirus in Acute Myocardial Infarction
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Background: Coronary artery disease (CAD) is the most common cause of death worldwide and many studies have been performed on
reduction of its prevalence.

Objectives:This case control studywas designed to investigate the presence of Cytomegaloviruses, Chlamydia pneumoniae and Helicobacter
pyloriin atherosclerotic plaques of cadaveric coronary endothelium of patients with and without acute myocardial infarction.

Patients and Methods: Sixty cadavers in two equal groups were analyzed. Acute myocardial infarction group included cadavers with
acute myocardial infarction and atherosclerotic plaque. The non- acute myocardial infarction group included those with innocent
atherosclerotic plaques in autopsy, expired due to other causes. Specimens from coronary vessels’ atherosclerotic plaque were taken and
studied by polymerase chain reaction for Cytomegaloviruses, C. pneumoniae and H. pylori.

Results: Cadavers of 26 males and 34 females underwent autopsy procedures. Their mean age at the time of death was 48.17 £18.74 years.
Unknown causes (20%), hanging (20%), head trauma (16.7%) and multiple traumas (13.3%) were the most common causes of death in the
non- acute myocardial infarction group. PCR test results were negative for C. pneumoniae and H. pylori in all cadavers of both groups.
Nine cadavers from the acute myocardial infarction group and one from the non- acute myocardial infarction group showed positive
PCR results for Cytomegaloviruses (30% and 3.33%, respectively). There was a significant difference between the two groups regarding
Cytomegaloviruses positivity in coronary artery plaques (P < 0.01, odd ratio: 12.42, 95% CI:10.46 t0 15.73).

Conclusions: A significant proportion of coronary atherosclerotic plaques in cadavers with confirmed acute myocardial infarction were
detected to be infected with Cytomegaloviruses while no infections of C. pneumoniae and H. pylori were detected.Coronary artery disease
(CAD) is the most common cause of death worldwide and many studies have been performed on reduction of its prevalence.
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moniae and Cytomegalovirus on atherosclerosis process
(3-5) as well as acute myocardial infarction (6).
Suggested mechanisms are macrophage activation,

1. Background

Cardiac and cerebral vessel diseases are the main causes

of death in developing countries by pathogenesis of ath-
erosclerosis. The total direct and indirect costs of cardio-
vascular disease (CVD) and stroke in the United States is
estimated to be $503.2 billion in 2010; which is higher
than for any other diagnostic group (1). Coronary artery
disease (CAD), as the major category of CVD, is under eval-
uation for more novel preventable risk factors (2). Along
with the known risk factors of CAD such as hypertension
and diabetes mellitus, certain bacterial and viral infec-
tions, as present suspicious risk factors, are being consid-
ered as definite risk factors. Recent studies on myocardial
infarction, have shown direct and indirect biological or
biochemical effects of Helicobacter pylori, Chlamydia pneu-

endothelial cell injury and lipid retention in the athero-
sclerotic plaques (7, 8). In an experimental study in 1979,
typical atherosclerosis was developed with birds contam-
inated by Gallid herpesvirus (9). This study was a clue for
more detailed evaluations on the possible effects of Cy-
tomegaloviruses (a member of Herpesviridae family) on
atherosclerosis. The association between C. pneumoniae
and atherosclerosis in comparison with other agents has
been investigated in previous studies. Several evidences
have indicated the role of C. pneumoniae in atherosclero-
sis development by using seroepidemiological, histologi-
cal and experimental examinations (10, 11).

Several studies were performed to investigate the cor-

Implication for health policy makers/practice/research/medical education:

The total direct and indirect cost of cardiovascular disease (CVD) and stroke is more than any other diagnostic groups of diseases. Along with the known risk factors
of CAD such as hypertension and diabetes mellitus, certain bacterial and viral infections, as present suspicious risk factors, are coming to be considered as definite
risk factors. According to our study, Cytomegalovirus infection have a definite role in prognosis of atherosclerotic plaques but it does not have any effect in athero-
sclerotic plaques formation so attempts for eradication of CMV in CAD proven patients may decrease the prevalence of AMI and improve their prognosis.
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relation between H. pylori and atherosclerosis (12, 13) As
a new approach toward H. pylori, high levels of IgG, pro-
duced against H. pylori were documented in patients with
acute coronary syndrome, the results of which confirmed
thatin acute coronary syndrome, the level of H. pylori-IgG
augments significantly (14). Other studies have shown
no difference between IgG level or polymerase chain
reaction (PCR) of H. pylori in CAD patients compared to
healthy controls (15, 16). Some studies confirmed the cor-
relation between acute myocardial infarction and the
presence of Cytomegaloviruses and C. pneumoniae (serol-
ogy or PCR) (17,18) all performed on living patients. Con-
sequently performing a similar study on cadaveric ves-
sels with atherosclerotic plaques (with or without acute
myocardial infarction) for the purpose of evaluating the
presence of infective agents, may guide us to prove or
disprove the correlation of common bacterial and viral
infections with CAD. Cadavers’ autopsy is the best choice
for performing more detailed investigations to confirm
associations between acute myocardial infarction and
probable risk factors.

2. Objectives

The aim of this study was to assay the presence of Cy-
tomegaloviruses, C. pneumoniae and H. pylori in endothe-
lium of cadavers whose death was due to either acute
myocardial infarction or non- acute myocardial infarc-
tion causes.

3. Patients and Methods

3.1. Study Design

In this case control study, cadavers who were trans-
ferred to Kahrizak Forensic Center (the largest forensic
center of Tehran, Iran), were investigated from July to De-
cember 2010. Cadavers had undergone routine autopsies
because of sudden death in the previous 24 hours. Sixty
cadavers possessing atherosclerotic plaque in autopsies
(with the size more than 1 x 1 mm) were included in the
present study. All subjects’ parents/guardians signed a
written informed consent before the autopsy. Institu-
tional Review Board approval was granted by the local
Research Ethic Committee of Baqiyatallah University of
Medical Sciences. All atherosclerotic plaques were ana-
lyzed and confirmed by two pathologists.

Cadavers, who had medical evidences of positive Cyto-
megaloviruses, C. pneumoniae or H. pylori in their medi-
cal records, for their last year of life, or had any medical
evidences of immunodeficiency, were excluded from this
study. Thirty cadavers with confirmed history of acute
myocardial infarction were selected for the acute myo-
cardial infarction group and thirty cadavers not expiring
due to acute myocardial infarction, were categorized in
to the non- acute myocardial infarction group. History
of acute myocardial infarction was defined as finding
at least one of the following criteria (19) from cadavers’

medical records: I) Detection of rise and|or fall of the tro-
ponin I enzyme to the upper limit of the normal range
together with evidence of myocardial ischaemia accom-
panied with at least one of the symptoms of ischaemia
or electrocardiogram pattern changes indicative of new
ischaemia (new ST-T changes or new left bundle branch
block [LBBB]); development of pathological Q waves. II)
Sudden, unexpected cardiac death, involving cardiac
arrest, often with symptoms suggestive of myocardial
ischaemia and accompanied with presumably new ST el-
evation, or new LBBB, and/or evidence of fresh thrombus
at autopsy. I1I) Pathological findings of acute myocardial
infarction.

All cadavers were analyzed for the mentioned criteria
of acute myocardial infarction. Cadavers, not passing any
of the criteria mentioned above, were included in the
non- acute myocardial infarction group. If there was no
other defined death causes according to routine labora-
tory and pathological analysis of the forensic center, ‘un-
known’ death cause was recorded for that cadaver.

3.2. Specimen Collection

Tissue specimens were dissected in the forensic center
under sterile conditions by a cardiologist. Coronary ar-
tery specimens (containing plaques) were divided into
two similar macroscopic parts. One part was transmitted
to the pathology center and the second part was trans-
ferred in micro centrifuge tubes and kept at -20° C with-
out any binding buffer until processing.

3.3. Sample Preparation and Primers’ Design for
PCR

DNA was extracted from endarterectomy specimens by
utilization of QIAamp tissue mini-kit (Qiagen Inc, Valen-
cia, USA). H. pylori gene primers used for PCR were C97
(forward): 5-GCTATGACGGGTATCC-3' and C98 (reverse):
5-GATTTTACCCCTACACCA-3', which amplify a 398 base-
pair (bp) fragment of the 16S rRNA gene. All PCR mixtures
were performed in a total volume of 25 pL, containing
10 mL PCR buffer, 500 nM of each primer, 2 mM MgCl;;
200 uM of each dNTP, 1.5 U Taq DNA polymerase and 200
ng DNA sample. Initial denaturation of mixture was per-
formed for 5 minutes at 94°C, followed by 30 cycles of de-
naturation at 93°C for 1 minute. After the final extension,
PCR products were visualized by electrophoresis in 1.2%
agarose gel, stained with ethidium bromide and exam-
ined under UV illumination (20).

For C. pneumoniae, primers which were used for PCR
were HL1 (5-GTTGTTCATGAAGGCCTACT-3') and HRi1
(5“TGCATAACCTACGGTGTGTT-3"), which amplified a 437
bp fragment of the Pstl cloned gene (21). PCR products
were visualized by electrophoresis on 1.5% agarose gel,
stained with ethidium bromide and examined under
UV illumination. Primers from the gB region of the Cy-
tomegaloviruses  genome  were utilized for
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Table 1. Death Causes of Cadavers in Non-acute Myocardial Infarctior}_ non- aw\t/ﬁﬂwcar

n)Gro

llgIeCtIOIl Detweendtnf,lggout]l)s.gdantel Hansel test (UGGS
ial jiTfarctio up
as used to eliminate confounder factors

Death Unknown Hanging Head Multiple Internal  Animal Burning  CerebralVessel Pneu-

Cause Trauma Traumas  Diseases Rites Disease monia
4. Resuits

Percentage 20 20 16.7 16.7 6.7 6.7 33 33

Table 2. The Polymerase Chain Reaction Results of Cytomegalo-
virus in Age Categories

Age Category,y No.(%) Cytomegaloviruses P Value
Negative Positive

16-35
Cases 2(333) 2(333) 0 0.04
Controls 17(2833) 16(26.66) 1(1.67)

36-60
Cases 13(21.66) 9(15) 4(6.67) 0.0002
Controls 11(1833) 11(1833) O

2 61

Cases 15 (25) 10(16.66) 5(8.33)  0.001°
Controls 2(333) 2(333) 0 0

4P <o.0L

PCR of Cytomegaloviruses. The forward and reverse
primers were 5-CGGTGGAGATACTGCTGAGGTC-3" and
5-CAAGGTGCTGCGTGATATGAAG-3", respectively. The reac-
tion mixture of the PCR contained a total volume of 50 pL,
containing 75 mM Tris-HCL (pH = 9),1.5 mM MgCl,, 50 mM
KCl, 20 mM (NH,),S0,, 50 uL of each one of the deoxynu-
cleoside and triphosphatase solutions, 20 pM of primers
(gB1and gB2) and 1 ug of DNA obtained from tissue.

The reaction mixture was first incubated at 94°C for 3
minutes, followed by 40 cycles of 94°C for 30 seconds,
55°C for 30 seconds, 72°C for 30 seconds and finally for
3 minutes at 72°C. The PCR products were subjected to
electrophoresis on a 2% agarose gel and 257 bp ampli-
cons were visualized by ultraviolet light after ethidium
bromide staining. Each Cytomegaloviruses PCR assay in-
cluded a positive control with human Cytomegalovirus
(HCMV) AD169 DNA and a negative control containing no
template (only distilled water).

3.4. Statistical Analysis

Data are expressed as mean + SD, odds ratio and 95%
confidence interval (95% CI). The Statistical Package of So-
cial Science version 16.0 (SPSS, Chicago, Illinois, USA) was
used for data analysis. P < 0.01 was considered statisti-
cally significant. For the age comparison between the two
groups, independent samples t-test was used while the
Chi-Square test was used for comparison of positivity of
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Autopsy was done on 26 males and 34 female cadav-
ers. Similar number of females and males were placed in
both groups, 17 females vs. 13 males. Therefore there was
no significant gender difference between the groups. Age
range was 18 to 83 years. The mean age of subjects at the
time of death was 48.17 + 18.74 years for all of them and;
59.50 +15.06 and 36.83 £14.90 years in acute myocardial
infarction and non- acute myocardial infarction group,
respectively. There was a significant difference between
the mean ages of the two groups (P < 0.01). Most com-
mon death causes in the non- acute myocardial infarc-
tion group were unknown (20%), hanging (20%), head
trauma (16.7%) and multiple traumas (13.3%). Death causes
of non- acute myocardial infarction group are presented
in Table 1.

Nine cadavers from the acute myocardial infarction
group were Cytomegaloviruses positive (30.0%), while
non- acute myocardial infarction group had only one
Cytomegaloviruses positive (3.33%) cadaver. There was a
significant difference between the two groups regarding
Cytomegaloviruses positivity in coronary artery plaques
(P<0.01, odd ratio: 12.42, 95% CI: 10.46 to 15.73). Table 2 vi-
sualizes the Cytomegaloviruses PCR results in age catego-
ries for deconfounding age effects. ORMH PCR results for
H. pylori and C. pneumoniae were negative in all cadavers
of both acute myocardial infarction and non- acute myo-
cardial infarction groups.

5. Discussion

Chronic infections and atherosclerosis had uncertain
associations for years (22). H. pylori was approved as a pos-
sible risk factor for ischemic vascular disease in 1998, (3),
and C. pneumoniae was known as a suspicious agent in
atherosclerosis process (4, 23). In a study executed in the
United States during 1996, Cytomegaloviruses preventive
therapy with ganciclovir showed effectiveness in preven-
tion of restenosis and atherosclerosis in transplanted or-
gans (24). In a few studies, presence of Cytomegalovirus-
es IE (immediate early) antigen and Cytomegaloviruses
DNA in the vessel wall was associated with the pathologi-
cal process of atherosclerosis formation (25).

Furthermore, Cytomegaloviruses positivity was intro-
duced as aresult of atherosclerosis plaque formation; be-
cause active Cytomegaloviruses infection was present in
a greater proportion of CAD patients rather than healthy
controls indicating that CAD patients are more suscep-
tible of Cytomegaloviruses (26). The most ideal study is
the measurement of Cytomegaloviruses DNA and serol-
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ogy criteria before and after acute myocardial infarction
with regular intervals, yet as it cannot predict the acute
myocardial infarction incidence, this study can strongly
confirm the need for further evaluations with periodic
laboratory studies of CVD patients until their probable
acute myocardial infarction incidence is determined.
Our study was designed to determine whether chronic
infections make a poor prognosis for atherosclerosis
plaques or immunological changes after acute myocardi-
al infarction due to atherosclerosis plaques make a good
environment for common bacterial and viral agents.

Investigation of H. pylori, C. pneumoniae and Cytomega-
loviruses in coronary artery specimens of cadavers with
atherosclerotic plaque, ding in 24 hours with and with-
out acute myocardial infarction, could answer this ques-
tion to some extent. Our study on cadavers has shown
significant Cytomegaloviruses positivity in cadavers ex-
piring due to acute myocardial infarction (P < 0.01) while
H. pylori and C. pneumoniae positivity were not detected.
Although cadavers do not have immunological blood
changes (the absence of increased cytokines serum con-
centration), yet in our study cadavers showed higher
rates of Cytomegaloviruses positivity in coronary arter-
ies with atherosclerotic plaques. These results suggest
that Cytomegaloviruses infection can affect atherosclero-
sis prognosis proposing that chronic infections such as
Cytomegaloviruses can worsen atherosclerotic plaques
resulting in CAD.

Yi et al. investigated the presence of Cytomegaloviruses and
its antigens in internal carotid arteries of patients with cere-
bral vascular attacks in a Chinese population during 2008,
showing the significantly higher presence of Cytomegalo-
viruses DNA, in the case group compared to those without
cerebral vascular attacks (25). During 2009 Xenaki et al. re-
ported no significant difference between specimens of coro-
nary arteries with atherosclerotic plaques and specimens of
normal vessels regarding Cytomegaloviruses positivity (27).
However, the atherosclerotic and normal samples were ex-
tracted from the same subjects. On the other hand, Xenaki’s
study confirmed that Cytomegaloviruses infection may not
result in atherosclerosis and that atherosclerotic plaque for-
mation did not increase the incidence of Cytomegaloviruses
infection,; the latter was similar to that found in the present
study. Additionally this study did not confirm the presence
of C. pneumoniae and H. pylori in neither acute myocardial in-
farction nor non- acute myocardial infarction group.

This could suggest that there is no association between
these two bacteria and progression of atherosclerotic
plaque mortality due to acute myocardial infarction,
while in a study by same authors in 2009 (28), C. pneu-
moniae was detected in high proportions in atheroscle-
rotic plaques compared to the control group supporting
the role of C. pneumoniae in atherosclerotic plaque for-
mation. Ozdogru et al. (16) published a study on H. pylori
-IgG in three groups of angiographic proven CAD patients
including 163 myocardial infarctions, 106 unstable angi-

nas and 84 stable anginas, compared to 163 controls with
normal coronary arteries. Ozdogru proposed similar se-
ropositivity rates for H. pylori in the control and patient
groups and the results were approved in the present
study stating no differences were detected in H. pylori
DNA between the two groups of cadavers. However this
study is limited to dead cases, the result may be different
in alive cases.

One potential criticism may arise over this study and
that is the significant age difference between our groups.
About Cytomegaloviruses epidemiology in a study from
Finland, the seroprevalence rates were 47% in 10 to 12
year-olds, 68% in 15 to 35 year-olds and 81% among 36 to 60
year-olds (29). According to this age distribution, we did
not have any significant difference among age categories
mentioned above in our two groups (Table 2). In a US pop-
ulation based study, Cytomegaloviruses seroprevalence
increased from 36% in 6 to 11 year-olds to 91% in those aged
> 80 years (30). We had one cadaver from the acute myo-
cardial infarction group, older than 80 years old, with
negative Cytomegaloviruses PCR test result (H. pylori and
C. pneumoniae were also negative).

In the mentioned US study, other factors associated
with Cytomegaloviruses seropositivity were female sex,
foreign birthplace, low household income, household
crowding, and low household education (31); but in this
study, the gender difference between acute myocardial
infarction and non- acute myocardial infarction group
was not significant. Dowd et al. in 2009 reported that
socioeconomic inequality affected early and middle age
seroprevalence of Cytomegaloviruses infection in a US
population. It is substantial to evaluate these variables in
future similar studies on cadavers.

It was conclude that Cytomegaloviruses chronic infec-
tion may have a definite role in prognosis of atheroscle-
rotic plaques but it does not have any effects in athero-
sclerotic plaques formation, so attempts for eradication
of Cytomegaloviruses in CAD proven patients may de-
crease the prevalence of acute myocardial infarction and
improve their prognosis.
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