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Background-—Although an association between human herpesvirus (HHV) infection and atherosclerosis has been suggested, the
data supporting such an association are controversial and, in most cases, are based on serological evidence or on the presence of
cell-associated HHV DNA, which do not report about actual viral replication. We quantified the DNA of all 8 types of HHVs in
plasma, in which their presence is evidence of viral replication.

Methods and Results-—Using quantitative real-time polymerase chain reaction, we evaluated the presence of HHV DNA in blood
samples obtained at the time of hospitalization from 71 patients with acute coronary syndrome, 26 patients with stable coronary
artery disease, and 53 healthy volunteers and in atherosclerotic plaques of 22 patients with peripheral artery disease who
underwent endarterectomy. HHV-5 (cytomegalovirus [CMV]) was the only HHV with a level that was higher in acute coronary
syndrome patients than in the control group and that correlated with the level of high-sensitivity C-reactive protein. The numbers of
effector memory T cells positively correlated with the numbers of CMV genome copies in carotid arteries plaques, whereas the
numbers of central memory T cells negatively correlated with CMV copy numbers.

Conclusions-—Of all HHV levels, only CMV was higher in patients with stable coronary artery disease and acute coronary syndrome
than in the healthy group, and its load correlated with the level of high-sensitivity C-reactive protein. The level of CMV in
atherosclerotic plaques correlated with the state of immunoactivation of lymphocytes in plaques, suggesting that the reactivation
of CMV may contribute to the immune activation associated with the progression of atherosclerosis. ( J Am Heart Assoc. 2016;5:
e003759 doi: 10.1161/JAHA.116.003759)
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A therosclerosis of coronary arteries, the major cause of
acute coronary syndrome (ACS), often may progress for

years and even decades and suddenly result in the rupture of

an atherosclerotic plaque, leading to myocardial infarction.1–4

Despite the long history of investigation,5,6 the triggers and
mechanisms of such sudden ruptures remain largely
unknown.

Since the 19th century, it has been suspected that the
development of atherosclerotic plaques and their rupture are
associated with inflammation caused by infection.7 The list of
different infectious agents that have been implicated in
atherosclerosis development and progression has kept grow-
ing and includes bacterial (oral, gut, dental, and bronchoalve-
olar)8 and different viral infections.9–11 Based on the slow
development of atherosclerosis, a candidate pathogen should
be not overly pathogenic and should commonly infect
humans, causing slow but persistent inflammation. Among
known human viruses, human herpesviruses (HHVs) fit these
criteria. Studies in animal models have demonstrated that
HHVs are capable of contributing to the development of
atherosclerosis-type pathologies.12 Data on the involvement
of HHVs in human atherosclerosis are far less conclusive13

and are predominantly based on epidemiological studies.
These data do not allow assessment of actual viral infection in
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patients because antibodies (and cell-associated DNA) may
provide evidence of past infections rather than infections that
are active at the time of analysis.14,15

In this study, we investigated the relation between HHV
infection and cardiovascular disease at two levels. At the
whole-body level, we investigated the association of the
amounts of DNA in blood plasma, a marker of productive viral
infection,16,17 and the clinical status of the patients. At the
single atherosclerotic plaque level, we investigated the asso-
ciation of the presence of HHVs and T lymphocyte activation.
We found that among all HHVs, only HHV-5 (cytomegalovirus
[CMV]) was associated with coronary artery disease (CAD), and
the levels of CMV DNA in plasma from patients with different
forms of CAD and from healthy volunteers correlated with the
levels of high-sensitivity C-reactive protein (hs-CRP). Moreover,
in atherosclerotic plaques from the carotid arteries of patients
undergoing carotid endarterectomy, the numbers of CMV DNA
copies correlated with the immunoactivation of T lymphocytes
in the same plaques.

Materials and Methods

Patients With CAD
A total of 53 healthy volunteers (27 men and 26 women,
mean age 61.3�12.3 years) and 97 patients with CAD were
enrolled consecutively in our study: 71 of the CAD patients
were diagnosed with ACS (45 men and 26 women, mean age
64.4�9.7 years), and the other 26 had stable CAD (SCAD; 17
men and 9 women, mean age 66.3�10.6 years), according to
the current guidelines.18–20 Among ACS patients, 47 had
myocardial infarction with or without ST-segment elevation;
unstable angina pectoris was diagnosed in 24 patients.
Healthy volunteers were recruited as 1 control for 2 cases in
our study. Detailed inclusion and exclusion criteria are
presented in Table 1.

In both patients and healthy volunteers, we analyzed
traditional CAD risk factors according to the existing criteria:
sex, age, dyslipidemia (fasting low-density lipoprotein choles-
terol level >160 mg/dL or total cholesterol level >200 mg/
dL and high-density lipoprotein cholesterol level <40 mg/dL),
obesity (body mass index ≥30), arterial hypertension (systolic
blood pressure ≥140 mm Hg or diastolic blood pressure
≥90 mm Hg).21

For negative control of HHV infection, we used cord blood
samples from 5 parturient women.

Patients With Peripheral Artery Disease Who
Underwent Carotid Endarterectomy
We analyzed 18 atherosclerotic plaques from 17 patients (12
men and 5 women, mean age 62.5�13.4 years) with

peripheral artery disease who underwent carotid endarterec-
tomy. The degree of carotid artery stenosis varied from 70% to
90% (median 80%, interquartile range [IQR] 75–90%). Four
patients (24%) suffered from transient ischemic attack or
stroke within 5 years before the surgery, and half of all plaque
specimens (50%) were ruptured according to macroscopic
evaluation. We divided each sample into 2 parts. One was
used for flow cytometry analysis of T cells, and the other was
used for real-time polymerase chain reaction (RT-PCR) for
evaluation of herpesviral DNA.

Local ethics committees approved the study protocol. All
participants provided written informed consent.

Flow Cytometry
To isolate T cells from atherosclerotic plaques without stripping
off cell surfacemarkers, we digested plaques with an enzymatic
cocktail, according to the method we developed previously.22

Briefly, after surgery, atherosclerotic plaques were collected in
RPMI 1640 (Gibco, Life Technologies, MA, USA) and kept at
room temperature until processing within 2 hours of surgery.
Plaques were then washed extensively in RPMI medium to
remove the contaminating peripheral blood–derived mononu-
clear cells. Atherosclerotic plaques were dissected from the
healthy tissue, cut into cubes of 2 mmper side, and digested by
an enzymatic mixture: RPMI with collagenase IV (Sigma-Aldrich,
MO, USA) at 1 mg/mL in the presence DNase I (Sigma-Aldrich)
at 0.2 mg/mL. Plaque fragments were digested by placing 10
to 15 blocks of tissues in Eppendorf tubes (Eppendorf,
Germany) for 1 hour at 37°C in an incubator shaker; they were
filtered through a nylon 40-lm filter, washed twice in 1x PBS
(Gibco, Life Technologies), and stained for live/dead discrim-
ination and with mixtures of antibodies. We stained isolated

Table 1. Inclusion and Exclusion Criteria for Patients With
Coronary Artery Disease and Healthy Volunteers

Inclusion Criteria Exclusion Criteria

ACS
patients

STEMI and non–ST-segment
elevation ACS diagnosis
at the moment of admission
according to the guidelines

Age <40 years,
bleeding or
necessity
of blood/plasma
transfusion, acute
stroke, pregnancy,
acute infections,
neoplasms

SCAD
patients

Clinical signs of angina of effort
or positive treadmill test and/or
stenosis >50% on invasive
coronary angiography

Healthy
volunteers

No signs of possible
atherosclerosis according
to treadmill test,
echocardiography, and
ultrasound of peripheral
arteries

ACS indicates acute coronary syndrome; SCAD, stable coronary artery disease; STEMI,
ST-segment elevation myocardial infarction.
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leukocyteswith combinations ofmonoclonal antibodies against
markers characterizing na€ıve T cells (CD45+ CD3+ CD45RA+

CD197+ CD27+ CD28+); central memory T cells (Tcm cells;
CD45+CD3+CD45RA�CD197+CD27+CD28+); effector memory
T cells (Tem cells; CD45+CD3+CD45RA+/�CD197�), including
cells that were differentiated early (CD45+CD3+

CD45RA�CD197�CD27+CD28+), intermediate (CD45+CD3+

CD45RA�CD197�CD27+/�CD28+), and late (CD45+CD3+

CD45RA+/�CD197�CD27�CD28�); and activated T cells
(CD25+, CD38+, or HLA-DR+). Data were acquired with flow
cytometer BD FACSCanto II and BD FACSAria II (BD
Biosciences, NJ, USA) by means of BD FACSDiva software
version 6.1.3 and analyzed using FlowJo software versions
9.3.3 and 9.4 (FlowJo LLC, OR, USA).

DNA Extraction From Plaques
Plaques were washed in RPMI medium and dissected into
2-mm cubic blocks. We grouped 4 tissue blocks weighing
�25 mg each and extracted DNA from them using the
QIAamp tissue DNA extraction kit (Qiagen, Germany), to
which we added proteinase K to obtain higher amounts of
extracted DNA and eluted the DNA into 300-lL aliquots. The
DNA concentration and its quality were measured on a
NanoDrop spectrophotometer (NanoDrop Products; Thermo
Fisher Scientific, MA, USA).

DNA Extraction From Blood
Peripheral blood samples were obtained from patients during
the first 24 hours of hospitalization and from healthy controls
at the time of examination. Blood was centrifuged at 2500g
for 10 minutes; plasma samples were separated, aliquoted,
and kept at �80°C. Peripheral blood mononuclear cells were
collected according to the previously described method.22

After plasma was decanted, the red blood cells were lysed
with a lysis solution (BioLegend, CA, USA), centrifuged at
400g for 5 minutes, and resuspended in PBS. We extracted
viral DNA from plasma using the standard spin protocol
(QIAamp DNA Blood Mini Kit; Qiagen).

Measurement of hs-CRP
Plasma hs-CRP was measured with an automated analyzer
(Dimension Xpand Plus; Siemens, Germany) using C-Reactive
Protein Flex Reagent (no. DF37; Siemens, CA, USA).

Quantitative Multiplex RT PCR
Detection of the 8 types of HHV was performed by means of
multiplexed quantitative RT-PCR and expressed as copy
number of HHV DNA per microliter of plasma. HHVs that were

measured in peripheral blood mononuclear cells and carotid
artery plaques were counted as HHV copy numbers per 106

cells. To estimate amounts of genomic DNA, we used primers
and probes for endogenous human retrovirus (ERV-3).23

RT-PCR was performed on a Bio-Rad thermal cycler (CFX96
Touch C1000 thermal cycler; Bio-Rad Laboratories,) using
specific primer sets and probes (TaqMan; Thermo Fisher
Scientific). We performed PCR using 2 sets of 5 simultaneous
reactions with 4 HHV primer probe sets (HHV-1, HHV-3, HHV-5,
and HHV-7) and human genomic DNA sequence ERV-3 and
another set of HHVs (HHV-2, HHV-4, HHV-6, and HHV-8) with
the same human genomic DNA sequence (ERV-3). Calibrated
DNA standards for each HHV were obtained from Advanced
Biotechnologies, Inc (MD, USA); human genomic DNA obtained
from Novagen (Millipore, MA, USA) was used as the human
DNA standard. Amplification of DNA was carried out with
equimolar mixtures of primers and probes for each target (4
HHVs and 1 ERV3) using PCR multiplex ToughMix (Quanta
Bioscience, MA, USA). The primer and probe sequences are
shown in Table 2.

The specificity of the PCR reaction was confirmed with
purified HHVs as positive controls and human cord blood DNA
as the negative control: All primer/probe sets amplified their
cognate DNA, and there was no amplification of cord blood
DNA. Examples of standard curves for both combinations of
primers and probes are shown in Figures 1 and 2.

A flowchart of all experiments is provided in Figure 3.

Statistical Analyses
The data obtained in the present study were not normally
distributed, according to the Shapiro-Wilk test, and are
represented as medians and IQRs. Because distributions
were not normal, we used the Mann–Whitney rank test for
comparisons of 2 groups; for >2 groups, the nonparametric
Kruskal–Wallis 1-way ANOVA was used. For comparison of 2
dependent groups, we used the Wilcoxon matched-pair test.
To assess between-group effects, we used a multiple-
comparisons rank test and receiver operating characteristic
curve analysis. For the analysis of categorical parameters, we
used the chi-square test with 392 frequency tables. For the
analysis of relations between different HHVs and hs-CRP, the
Spearman correlation coefficient was estimated. For the age
distribution, we made the assumption of its normality and
analyzed this distribution using the t test for 2 groups and
ANOVA for multiple comparison. We also performed binomial
multiple logistic regression analysis for the assessment of
multiple predictors of CAD development. For this analysis, we
used dichotomized age ≥55 years for men and ≥65 years for
women (risk factor for CAD24) and hs-CRP level ≥2 mg/L
(marker of active inflammation25,26) and all other binominal
factors as predictors. Statistical analysis was performed using
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Statistica 10.0 (Statsoft, Dell, OK, USA) and SPSS Statistics
21.0 (IBM Corp, NY, USA). Values of P<0.05 were considered
statistically significant.

Results

Analysis of Plasma
Using RT-PCR, we evaluated DNA of all 8 types of HHV in
plasma samples from 71 patients with ACS, 26 patients with
SCAD, and 53 healthy volunteers. Statistical analyses showed
that the control group was not different from other groups in
terms of age and sex characteristics. Patients with CAD had
risk factors such as hypertension, obesity, and diabetes
mellitus significantly more frequently than healthy controls.

Baseline characteristics of all patient groups are presented in
Table 3.

We evaluated the frequencies of the presence and the
number of copies of HHV DNA in peripheral blood mononu-
clear cells and found that both frequencies of detection and
DNA copy numbers for all 8 types of HHV did not differ
significantly among the 3 groups of patients (Table 4).

To evaluate productive viral infection, we measured HHV
DNA in plasma.16,17 Although control cord blood samples
were negative for the presence of HHVs in our measurements,
we set an arbitrary level of 100 copies of viral DNA per
microliter of plasma as a threshold for positivity.

The frequencies of the presence of HHV DNA in the
plasmatic fractions are presented in Figure 2. The most
frequent HHV was CMV, which was found in the plasma of

Table 2. Sequences of HHV Primers and Probes

Sequence Name Sequence 50 Modification* 30 Modification

ERV-3 probe Aacatgggagaccaatggccatggg Quasar 705 BHQ-2

ERV-3 forward Gttgcttcatgttatgtctgtgg

ERV-3 reverse Ggcggttagtgtgaaattatcttg

HHV-1 probe Atgaccatgtcggtgaccttggc Cy5 BHQ-2

HHV-1 forward Ggaacacaaggccaagaaga

HHV-1 reverse Gttgggaacttgggtgtagtt

HHV-2 probe Tcccttcgaggaggtgatcgacaa FAM BHQ-1

HHV-2 forward Caccgctactcccagtttatg

HHV-2 reverse Cggtggtctccatgttgtt

HHV-3 probe Tgttatatgacgacaccgtctcgcg HEX BHQ-1

HHV-3 forward Gattatgcccgcaaacttgtag

HHV-3 reverse Atggcccgtctattccattc

HHV-4 probe Tccgtcatctccgtcatcaccctc Quasar 670 BHQ-2

HHV-4 forward Tagatttgcctccctggtttc

HHV-4 reverse Catctccatcacctccttcatc

HHV-5 probe Tacctggagtccttctgcgagga CAL Fluor Red 610 BHQ-2

HHV-5 forward Aaccaagatgcaggtgatagg

HHV-5 reverse Agcgtgacgtgcataaaga

HHV-6 probe Ttattccttcgggtgtgccgtctg CAL Fluor Red 610 BHQ-2

HHV-6 forward Atcgaaacgcctacacagaat

HHV-6 reverse Ccagagcggcatcgatattta

HHV-7 probe Gagaacatcgctctaactggatca FAM BHQ-1

HHV-7 forward Agcggtacctgtaaaatcatcca

HHV-7 reverse Aacagaaacgccacctcgat

HHV-8 probe Ttggtggtatatagatcaagttc HEX BHQ-1

HHV-8 forward Gtccagacgatatgtgcgc

HHV-8 reverse Actccaaaatatcggccgg

BHQ-1 indicates Black Hole Quencher 1; BHQ-2, Black Hole Quencher 2; HHV, human herpesvirus.
*FAM, HEX, Cy5, Quasar 705, Quasar 670, and CAL Fluor Red 610 are fluorescent dyes.
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�77% of the patients. Others were less frequent, with higher
percentages of HHV-8 and HHV-7 and the lowest percentage
for HHV-1, which was hardly detected in our samples.

We compared viral frequencies in plasma from participants
in different groups and found a significant difference for only
CMV regarding viral presence in the ACS, SCAD, and control
groups (77.08%, 55.56%, and 46.15%, respectively; P=0.011).
This difference was mainly caused by the difference between
the ACS group and the control group (P=0.013). For all other
HHVs, the differences between different groups were not
significant (Figure 4).

We compared HHV loads in samples from the 3 groups
(Table 5) and again found significant differences between
groups only in the amounts of CMV DNA. According to a
multiple-comparison test, the amount of CMV DNA was
significantly higher in ACS patients than in healthy volunteers
(median CMV DNA copy number 213.15 [IQR 101.21–436.67]
versus 82.10 [IQR 18.58–188.67]; P=0.012); however, there
was no statistical difference in the amounts of CMV DNA
between samples from SCAD patients and healthy volunteers
(median CMV DNA copy number 109.32 [IQR 39.05–355.23]
versus 82.10 [IQR 18.58–188.67]; P>0.05). Consequently,
using multiple-comparison rank methods, we found a statis-
tically significant difference in CMV DNA copy numbers

between healthy volunteers and patients with ACS but not
with SCAD.

To determine the threshold level of viral load in plasma for
the patients with acute coronary events and with all CAD
types, we performed a receiver operating characteristic
analysis. The receiver operating characteristic curves were
statistically significant in both cases (Figures 5 and 6). We
defined a threshold level giving equal numbers of false-
negative and false-positive results: 142 CMV DNA copies for
ACS patients and 114 CMV DNA copies for ACS and SCAD
patients combined. The area under the curve, however, was
larger in the first case than in the second, and the sum of
false-negative and false-positive results was lower for the
threshold of 142. Based on this analysis, we determined that
patients with ACS with high probability will have a CMV load
of >142 DNA copies per microliter of plasma.

Except for CMV, the viral loads of all other HHVs did not
differ significantly in plasma of participants from different
groups (Table 5).

Because our patient groups differed regarding several risk
factors, we analyzed whether CMV load correlated with them
and found that CMV plasma loads were higher in hypertensive
participants (median CMV DNA copy number 168.09 [IQR
54.10–419.18] versus 100.34 [IQR 15.57–172.76]; P=0.016).

Figure 2. A, Standard’s amplification for HHV-2, HHV-4, HHV-6,
HHV-8, and ERV-3 multiplex combination. B, Standard’s curve for
the second multiplex combination. FAM, HEX, Cy5, Quasar 705,
and Cal Red 610 are fluorescent dyes.

Figure 1. A, Standard’s amplification for HHV-1, HHV-3, HHV-5,
HHV-7, and ERV-3 multiplex combination. B, Standard’s curve for
the first multiplex combination. FAM, HEX, Cy5, Quasar 705, and
Cal Red 610 are fluorescent dyes.

DOI: 10.1161/JAHA.116.003759 Journal of the American Heart Association 5

Human Herpesviruses in Coronary Artery Disease Nikitskaya et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



Although CMV-productive infection did not correlate with
other risk factors, it correlated with the hs-CRP level, which,
as expected, was significantly higher in patients with ACS
than in controls (median 4.79 mg/L [IQR 1.71–14.7 mg/L]
versus 1.10 mg/L [IQR 0.80–3.87 mg/L]; P=0.00002). CMV
load correlated with hs-CRP levels in both patient and control
groups (Table 6).

Due to the correlations of CMV load with risk factors found
in our study, it was crucial to establish whether CMV-
productive infection is an independent risk factor for ACS
development or it depends on other risk factors, such as
obesity, hypertension, and diabetes mellitus. Toward this goal,
we investigated whether HHV frequencies and loads corre-
lated with the CAD risk factors. Statistical analysis showed no

Figure 3. A flowchart of the experiment for HHV detection in plasma of healthy volunteers, in patients
with CAD, and in atherosclerotic plaques from carotid arteries of patients undergoing CEA. Analysis of HHV
DNA correlation with T-cell subsets in atherosclerotic plaques. ACS indicates acute coronary syndrome;
CAD, coronary artery disease; CEA, carotid endarterectomy; HHV, human herpesvirus; PCR, polymerase
chain reaction; SCAD, stable coronary artery disease.

Table 3. Clinical Characteristics of Patients With Coronary
Artery Disease and Healthy Volunteers

ACS
Patients

SCAD
Patients

Healthy
Volunteers P Value

n 71 26 53

Age, y, mean 64.4 66.3 61.3 0.116

Age, y, SD 9.7 10.6 12.3

Men, % 63.4 65.4 50.9 0.298

Smoking, % 28.2 11.5 20.8 0.205

Dyslipidemia, % 42.3 19.2 32.1 0.096

Obesity, % 45.1 23.1 15.1 0.001*

Hypertension, % 90.1 92.3 47.2 0.000*

Diabetes mellitus, % 31.0 19.2 1.9 0.000*

ACS indicates acute coronary syndrome; SCAD, stable coronary artery disease.
*Differences are statistically significant at P<0.05.

Table 4. Frequencies of Detection of HHV DNA in Peripheral
Blood Mononuclear Cells in Patients With Coronary Artery
Disease and Healthy Volunteers

ACS Patients SCAD Patients Healthy Volunteers

HHV-1 0 (0/71) 0 (0/26) 0 (1/53)

HHV-2 4.23 (3/71) 0 (0/26) 3.77 (2/53)

HHV-3 0 (0/71) 0 (0/26) 1.89 (1/53)

HHV-4 29.58 (21/71) 30.77 (8/26) 39.62 (21/53)

HHV-5 0 (0/71) 3.85 (1/26) 3.77 (2/53)

HHV-6 0 (0/71) 15.38 (4/26) 7.55 (4/53)

HHV-7 36.62 (26/71) 42.31 (11/26) 32.08 (17/53)

HHV-8 4.23 (3/71) 0 (0/26) 1.89 (1/53)

Data are presented as percentage (number of positive patients/total number of
patients). For all HHVs, the differences between groups were not significant (P>0.05).
ACS indicates acute coronary syndrome; HHV, human herpesvirus; SCAD, stable
coronary artery disease.
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such correlation. Moreover, we performed a multiple binomial
logistic regression analysis of CAD development with such
predictors as CAD risk factors, hs-CRP level, and CMV
presence in plasma. We found that age, arterial hypertension,
diabetes mellitus, and CMV independently predicted the
development of ACS in the multiple regression model
(Figure 7). As for SCAD, the only risks factors persisting in
the multiple regression model were arterial hypertension and
hs-CRP level (Table 7).

Analysis of Plaques
Using an original protocol for isolation of lymphocytes from
atherosclerotic plaques, we previously found that plaques are
enriched with activated CD4 and especially with CD8 T

lymphocytes.22 In the current study, we investigated whether
T lymphocyte activation and differentiation correlated with the
presence of HHVs in individual atherosclerotic plaques from
22 patients who underwent endarterectomy.

As reported earlier22 and confirmed in this study, both
CD4+ and CD8+ T lymphocytes in plaques were highly
activated compared with these cells in blood, as shown by
the expression of the CD25, CD38, and HLA-DR activation
markers. Furthermore, there were significantly more Tem cells
and fewer na€ıve T cells and Tcm cells in plaques than in blood
from the same patients (Table 8).

We evaluated HHV DNA in the same plaques in which we
measured T lymphocyte status and found that the most
frequent HHVs were HHV-3 and CMV (at least 100 copies of
HHV DNA were found in 88% and 82% of plaques, respec-
tively). Other HHVs were detected less often (Figure 8). For
CMV, the viral load varied within an IQR of 446.92 to
18 508.48, with a median of 4973.53 DNA copies per 106

cells.
Comparison of HHV load and T lymphocyte status revealed

a strong positive correlation between the level of CMV DNA in
carotid artery plaques and the fraction of intermediately
differentiated CD4+ and CD8+ Tem cells (Spearman R=0.642,
P=0.004, and R=0.591, P=0.010, respectively) (Figures 9 and
10) as well as the fraction of all CD4+ Tem lymphocytes
(Spearman R=0.516, P=0.028). In addition, there was a
negative correlation between CMV load and the fraction of
CD4+ and CD8+ Tcm lymphocytes (Spearman R=�0.673,
P=0.002, and R=0.520, P=0.027, respectively) (Figures 11
and 12).

In summary, we found that (1) HHV DNA was present in
plasma of both ACS and SCAD patients and in that of healthy
controls; (2) HHV DNA copy numbers of all HHVs did not
differ significantly between the SCAD and control groups;
(3) the presence and load of HHV-5 (CMV), but not other
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Figure 4. Frequencies (as percentages) of HHVs detected in
blood plasma samples in groups of healthy volunteers (green),
SCAD patients (blue), and ACS patients (red). Positivity was
defined as HHV DNA at amounts >100 copies per microliter of
plasma. *Differences are statistically significant at P<0.05. ACS
indicates acute coronary syndrome; HHV, human herpesvirus;
SCAD, stable coronary artery disease.

Table 5. HHV DNA Copy Numbers in Plasma of Patients of Different Groups

Type of HHV ACS Patients SCAD Patients Healthy Volunteers P Value

HHV-1*

HHV-2 29.39 (6.19–160.48) 24.85 (6.17–153.45) 50.37 (0.74–203.31) 0.857

HHV-3 2.01 (0.94–4.48) 1.22 (0.68–3.46) 1.36 (0.51–2.53) 0.075

HHV-4 0.125 (0.03–1.57) 0.25 (0.03–0.82) 0.07 (0.02–0.70) 0.621

HHV-5 213.15 (101.21–436.67) 109.32 (39.05–355.23) 82.10 (18.58–188.67) 0.014†

HHV-6 2.50 (1.24–9.56) 2.17 (0.88–8.45) 6.93 (2.59–22.51) 0.053

HHV-7 71.30 (33.79–256.36) 75.93 (18.62–544.87) 29.29 (6.00–122.05) 0.123

HHV-8 95.12 (32.64–374.75) 116.73 (2.21–289.24) 74.91 (0.00–344.06) 0.407

HHV DNA copy numbers are presented as median (interquartile range) in microliters of plasma. ACS indicates acute coronary syndrome; HHV, human herpesvirus; SCAD, stable coronary
artery disease.
*Not enough data for statistical comparison.
†Differences are statistically significant at P<0.05.
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HHVs, were higher in plasma of patients with ACS than in
healthy volunteers; (4) CMV load in patients and controls
correlated with the levels of hs-CRP in these participants; and
(5) the copy numbers of CMV DNA in carotid artery plaques
correlated with the lymphocyte differentiation levels in the
same plaques.

Discussion
It is well established that immunoactivation is associated with
the destabilization of atherosclerotic plaques.4 We previously
found that both the spectrum of lymphocytes and their
activation status in plaques are different from those in
blood.22 In particular, plaques are enriched in CD8 and CD4 T

lymphocytes, which express activation markers CD25 and
HLA-DR and are effector memory rather than na€ıve. These
lymphocyte phenotypes may indicate the presence of a
specific antigen toward which these lymphocytes are reactive.

Table 6. Spearman Rank Order Correlation Between hs-CRP
Level and CMV in Patients and Controls

Variables Patients, n Spearman Rank, R t (N�2)* P Value

hs-CRP (mg/L)
and CMV DNA
copy numbers

103 0.249 2.586 0.011†

CMV indicates cytomegalovirus; hs-CRP, high-sensitivity C-reactive protein.
*Denotes correlation level.
†Correlations are statistically significant at P<0.05.

Factor OR 
(95% CI)

POR
(95% CI)

Age

Sex

Smoking

Dyslipidemia

Obesity

Hypertension

Diabetes mellitus

CRP level

CMV presence

5.04 [1.08–23.52]

1.66 [0.38–7.26]

0.31 [0.05–1.72]

3.74 [0.88–15.98] 

0.94 [0.18–5.00]

9.22 [1.84–46.15] 

33.76 [2.63–432.7]

1.12 [0.27–4.60]

7.37 [1.69–32.16]

Healthy volunteers ACS patients
0                0.2              1                5               25            

0.040

0.496

0.176

0.074

0.942

0.008

0.008

0.875

0.009

*

*

*

*

Figure 7. Odds ratios for binomial coronary artery disease risk
factors (with age ≥55 years for men and ≥65 years for women),
high-sensitivity CRP level (≥2 mg/L), and CMV presence in the
multiple logistic regression model for ACS patients and healthy
volunteers. *Differences are statistically significant at P<0.05. ACS
indicates acute coronary syndrome; CMV, cytomegalovirus; CRP,
C-reactive protein; OR, odds ratio.

Figure 5. Receiver operating characteristic (ROC) curve for the
cytomegalovirus (CMV) DNA load in patients with acute coronary
syndrome compared with patients with stable coronary artery
disease and healthy controls. The area under the ROC curve was
0.662 (95% CI 0.56–0.77, P=0.004). With the threshold of 142
copies of CMV DNA per microliter of plasma, specificity was 64.9%
and sensitivity was 64.6%.

Figure 6. Receiver operating characteristic (ROC) curve for the
cytomegalovirus (CMV) DNA load in all patients with coronary
artery disease compared with healthy controls. The area under the
ROC curve was 0.646 (95% CI 0.53–0.76, P=0.013). With the
threshold of 114 copies of CMV DNA per microliter of plasma,
specificity was 64.1% and sensitivity was 65.2%.
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Herpesviruses, which are among the most ancient and
abundant viruses in humans, have been considered to be
associated with atherosclerosis. Although some continue to
be highly pathogenic,27 others are moderately pathogenic,
and some (HHV-6, HHV-7) have generally lost their
pathogenicity for immunocompetent persons. Although it
was initially thought that HHVs could go into latency, it was
found later that some are frequently reactivated and resup-
pressed by the immune system.28 The ubiquity and the ability
to cycle between dormancy and replication make HHVs
candidates for the role of constant triggers of immunoacti-
vation that is closely related to the development of
atherosclerosis. Early in 1980s, it was shown in chickens
infected with Marek disease herpesvirus12 that diet-induced
experimental atherosclerosis developed at a higher rate than

in control animals. Evidence of the involvement of HHVs in the
development of atherosclerosis and restenosis after coronary
angioplasty and in the acceleration of atherosclerosis devel-
opment in heart transplant recipients has also been
reported.29 Furthermore, CMV antibody levels have been
linked to CAD-related mortality in the general population.14

Data on the involvement of HHVs in general and of CMV in
particular in human atherosclerosis are based predominantly
on serological evidence. Seropositivity for CMV (or the level of
CMV immunoglobulin G antibodies) has been reported to be
associated with cardiovascular disease.30,31 Furthermore,
positive serology for HHV-1 has been found to be associated
with a higher risk of myocardial infarction or cardiovascular
death.32,33 In autopsies of aortic tissues that were identified
histologically as atherosclerotic, DNA of HHV-1, HHV-4, and

Table 7. Multiple Logistic Regression Analysis of CAD Risk Factors, hs-CRP Level, and Impact of CMV Frequency Comparing SCAD
Patients and Healthy Volunteers

Factor Age Sex Smoking Dyslipidemia Obesity Hypertension DM hs-CRP CMV

OR 0.85 3.78 0.09 0.56 1.12 43.70 51.37 24.97 0.43

Lowest 95% CL 0.12 0.56 0.01 0.06 0.08 1.73 0.98 1.69 0.05

Highest 95% CL 5.75 25.35 1.09 5.19 15.78 1101.83 2697.63 368.74 3.45

P value 0.861 0.167 0.058 0.599 0.930 0.023* 0.051 0.020* 0.421

ORs are given for binomial CAD risk factors (with age ≥55 years for men and ≥65 years for women), hs-CRP level (≥2 mg/L), and CMV presence in the multiple regression model
comparing stable CAD patients and healthy volunteers. CAD indicates coronary artery disease; CL, confidence level; CMV, cytomegalovirus; DM, diabetes mellitus; hs-CRP, high-sensitivity
C-reactive protein; OR, odds ratio.
*Differences are statistically significant at P<0.05.

Table 8. T-Cell Activation and Differentiation in Atherosclerotic Plaques and in Blood

Type of T Cells Plaques Blood P Value

HLA-DR+ % CD4+ 37.00 (23.70–46.10) 9.13 (5.55–16.60) 0.006*

CD38+ % CD4+ 24.40 (19.00–45.80) 39.40 (30.35–58.00) 0.004*

CD25+ % CD8+ 9.23 (3.02–37.40) 1.75 (1.27–7.71) 0.001*

HLA-DR+ % CD8+ 48.90 (32.10–54.35) 22.90 (13.05–33.55) 0.008*

Na€ıve % CD4+ (CD45+CD3+CD4+CD45RA+CD197+CD27+CD28+) 2.09 (1.26–3.66) 18.85 (5.75–25.50) 0.003*

Tcm % CD4+ (CD45+CD3+CD4+CD45RA�CD197+CD27+CD28+) 24.60 (19.35–33.70) 50.55 (38.65–62.40) 0.001*

Tem % CD4+ (CD45+CD3+CD4+CD45RA+/�CD197�) 41.30 (31.50–50.50) 21.20 (17.60–30.35) 0.001*

Tem ID % CD4+ (CD45+CD3+CD4+CD45RA�CD197�CD27+/�CD28+) 62.04 (49.01–66.11) 38.69 (23.20–44.00) 0.002*

Tem LD % CD4+ (CD45+CD3+CD4+CD45RA+/�CD197�CD27�CD28�) 5.11 (1.99–8.98) 29.30 (11.25–45.65) 0.013*

Na€ıve % CD8+ (CD45+CD3+CD4�CD45RA+CD197+CD27+CD28+) 1.70 (0.93–3.35) 4.05 (2.24–8.36) 0.030*

Tem % CD8+ (CD45+CD3+CD4�CD45RA+/�CD197�) 69.10 (56.70–77.40) 80.20 (71.00–87.20) 0.015*

Tem ID % CD8+ (CD45+CD3+CD4�CD45RA�CD197�CD27+/�CD28+) 39.61 (28.00–45.20) 19.76 (14.00–32.15) 0.023*

Tem LD % CD8+ (CD45+CD3+CD4�CD45RA+/�CD197�CD27�CD28�) 23.30 (11.40–37.70) 61.45 (27.15–69.10) 0.006*

Presented are percentages (%) of CD4 and CD8 T cells expressing particular markers. Median (interquartile range) is shown for fractions of different subtypes of T lymphocytes in blood and
carotid atherosclerotic plaques from the same patients. ID indicates intermediately differentiated; LD, late-differentiated; na€ıve indicates na€ıve T cells; Tcm, central memory T cells; Tem,
effector memory T cells.
*Differences are statistically significant at P<0.05.
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CMV were present more frequently than in nonatherosclerotic
tissues.34,35 In other studies, however, no differences were
found between healthy persons and patients with early signs
of atherosclerosis regarding the presence of anti–HHV-1,
anti–HHV-2, and anti-CMV antibodies36 and HHV-1, HHV-4,
and HHV-5 DNA in blood monocytes of patients with CAD.13

These contradictions may stem from the fact that neither
serology nor DNA in cells give information about whether
HHVs continue to replicate at the time of analysis. To study
productive CMV infection, Gredmark et al studied HHV-5 RNA
expression in monocytes isolated from peripheral blood and
found that productive CMV infection occurs in 15% of ACS
patients and 10% of SCAD patients but in only 2% of healthy
persons.37

In this study, we undertook another approach to evaluate
productive HHV infection. Rather than focusing on HHV
replication in particular cells, we evaluated DNA of all HHV
types in plasma, into which the productively infected cells
may release viruses.17 This analysis revealed all HHVs in
plasma of healthy controls and patients with SCAD and ACS.
Unexpectedly, this included HHV-8, which was found at a
higher frequency than what is usually reported for white

Figure 8. Frequencies (as percentages) of HHVs detected in
carotid artery plaque samples. Positivity was defined as HHV DNA
at amounts >100 copies per 106 cells. HHV indicates human
herpesvirus.

Figure 9. Correlation coefficient with 95% CI according to
Spearman rank test between CMV DNA loads and fractions of
intermediately differentiated CD4+ Tem cells in atherosclerotic
plaques. Correlation is statistically significant at P<0.05. CMV
indicates cytomegalovirus; ID, intermediately differentiated; Tem,
effector memory T cells.

Figure 10. Correlation coefficient with 95% CI according to
Spearman rank test between CMV DNA loads and fractions of
intermediately differentiated CD8+ Tem cells in atherosclerotic
plaques. Correlation is statistically significant at P<0.05. CMV
indicates cytomegalovirus; ID, intermediately differentiated; Tem,
effector memory T cells.

Figure 11. Correlation coefficient with 95% CI according to
Spearman rank test between CMV DNA load and fraction of CD4+

Tcm cells in atherosclerotic plaques. Correlation is statistically
significant at P<0.05. CMV indicates cytomegalovirus; Tcm, central
memory T cells.
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populations (12.9%) but was well within the reported
frequency in elderly populations in endemic regions (46.4%)
and in Russian populations affected by several conditions.38

We next investigated the frequencies of the HHV genomes for
different groups: except for CMV, we did not find differences
among the 3 groups regarding the frequency of HHV
presence.

We analyzed CMV in plasma not only qualitatively (present
or not present) but also quantitatively by measuring HHV load
with RT-PCR for HHV DNA. We found that for CMV, the DNA
copy numbers in plasma positively correlated with ACS. There
were no such correlations for other HHVs. Moreover, there
was no difference in viral load, including that for CMV,
between SCAD patients and healthy volunteers. Conse-
quently, the increased viral load for CMV was restricted to
the acute stage of the disease.

Important marker of inflammation during CAD progression
is CRP, which is an established risk factor of CAD.39,40 In this
study, we found a positive correlation between CMV and hs-
CRP across all groups, including SCAD patients and healthy
controls. This indirect but strong evidence showed that CMV
infection is an important cause of the inflammatory process.
Whatever the actual trigger of the inflammatory process in
atherosclerosis, it is associated with perturbation of the T cell
repertoire in blood and in plaques.41 In particular, the
expansion of unusual T lymphocytes in peripheral blood
(CD4+CD28� T cells) is strongly associated with the recur-
rence of acute coronary events42 and appears in other
diseases,43 such as acute ischemic stroke.44 In contrast,
accumulation of intermediately and late-differentiated CD8
Tem cells in blood is associated with CMV infection.45–47

With the development of the protocol of flow analysis of
individual T cells in plaques, we can now link the status of
these T cells to CMV load. We confirmed our earlier report
that the fractions of activated T cells in carotid artery plaques
of patients undergoing carotid endarterectomy were higher
than in blood and demonstrated the enrichment of interme-
diately differentiated (CD27+/�CD28+) but not late-
differentiated (CD27�CD28�) Tem cells. Furthermore, there
were fewer na€ıve CD4 and CD8 T cells and fewer CD4 Tcm
cells in plaques than in blood. The increase of the fraction of
Tem cells and the decrease of the fraction of Tcm and na€ıve
cells suggest a more activated T cell phenotype, probably due
to an antigen-driven process48; therefore, plaques seem to
represent the sites of a particular high immune activation.
Remarkably, the fraction of intermediately differentiated Tem
cells positively correlated and the fraction of Tcm cells
negatively correlated with the presence of CMV DNA in the
same plaque. We also found some other HHVs in plaques;
however, their DNA levels did not correlate with T-cell
activation and differentiation profiles. Consequently, our
results indicated that plaques with high amounts of CMV
(which we found to be associated with ACS) are characterized
by high levels of T-cell activation. Because these plaques
were obtained from the carotid arteries, their structure is
slightly different from that of the coronary arteries. Although
there are apparent limitations in combining plaques at remote
sites and differing arterial beds into a single pool, we checked
that half of plaques were macroscopically complicated,
although all of these patients were without signs of an acute
event in the studied vascular area. It is conceivable that CMV
contributes to T-cell activation and may trigger the rupture of
these plaques. Although we previously found and confirmed in
this study that activated T cells accumulate in plaques, which
are infected with CMV, these cells may not be the only ones
that play a role in HHV infection. Macrophages and endothe-
lial cells may serve as targets and/or transporters of various
HHVs and also may contribute to local and systemic
immunoactivation. Further studies are needed to establish
the role of these and other cells.

In summary, we found that CMV is strongly associated with
the atherosclerotic process and, in particular, with ACS.

Our work has significant limitations. Although the corre-
lations with CMV load seem to be proven, the size of the
cohort may have contributed to the fact that we did not find
any correlations with HHV-7 and HHV-8, which are present at
lower frequency in this population. Furthermore, the disper-
sion in several risk factor frequencies, such as hypertension
and diabetes mellitus, between groups was so wide that
perhaps there were too few events in some groups to support
these variables in the multiple regression model. Although the
release of CMV into the blood is accepted as evidence of
productive infection, we do not know which specific cells

Figure 12. Correlation coefficient with 95% CI according to
Spearman rank test between CMV DNA load and fraction of CD8+

Tcm cells in atherosclerotic plaques. Correlation is statistically
significant at P<0.05. CMV indicates cytomegalovirus; Tcm, central
memory T cells.
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produce CMV and whether these cells are localized in plaques
or at other sites.

Although we found an association between CMV in plasma
and ACS, it is possible that other pathogens not studied in the
present work also may be associated with this syndrome.49 In
general, our results support a hypothesis that acute coronary
events are synchronized with acute viral replication, possibly
because of CMV reactivation, and this reactivation, which may
occur both at the systemic level and in plaques, may contribute
to plaque destabilization. It is conceivable that preventing the
reactivation of CMV may affect the outcome of CAD.

Future studies should shed more light on the relation of
ACS in particular and cardiovascular diseases in general to
CMV and possibly to other HHVs,50 which may lead to new
treatment strategies.
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