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Cil: Ateroskleréza je hlavnim etiologickym faktorem v rozvoji ischemické choroby srdecni, postizeni karotic-
kych tepen i ischemické choroby dolnich koncetin. V nasi studii jsme se pokusili prokazat pfitomnost a ucinek
viru Epsteina-Barrové (Epstein-Barr virus, EBV) na stendzu karotickych tepen vedouci k rozvoji chronického
zanétu s tvorbou prozanétlivych cytokinl a vyvolavajici aterosklerézu.
Material a metody: V obdobi mezi dubnem 2017 a dubnem 2018 bylo na klinice kardiochirurgie Iékarské fa-
kulty istanbulské univerzity po podepsani informovaného souhlasu do této studie zafazeno 36 pacientl po
endarterektomii karotid. U kazdého pacienta (dobrovolnika) byly zaznamenany vék, pohlavi, télesna vyska
a hmotnost. Ve skupiné téchto pacientt bylo 58,3 % (n = 21) muzl a 41,7 % (n = 15) Zen. Byly zaznamenany
i komorbidity jako hypertenze a diabetes mellitus.
Vysledky: Nebyl nalezen vyznamny rozdil v pozitivité na EBV (DNA) na zékladé pritomnosti hyperlipidemie, pohlavi
a véku. Pozitivita na EBV (DNA) viak byla nicméné vyssi (i kdyZ ne statisticky vyznamné) u pacientti s komorbiditami,
jako jsou hypertenze a diabetes mellitus. Pozitivita na EBV (DNA) byla zjisténa u 42,1 % pacient(i s oboustrannou
stenézou karotickych tepen a nulové u pacientli bez oboustranné stendzy karotickych tepen (p = 0,002). Pozitivita
na EBV (DNA) byla statisticky vyznamné vyssi u pacientt s oboustrannou stendzou karotickych tepen.
Zavér: Domnivdme se, Ze statisticky vyznamné vy$si hodnoty pozitivity na EBV (DNA) u pacientd s obou-
strannou stendzou karotickych tepen by mély podnitit dalsi vyzkum v oblasti vlivu virové etiologie na rozvoj
aterosklerdzy; to si vSak vyzada dalsi studie.

© 2021, CKS.

ABSTRACT

Objective: Atherosclerosis is the mainly etiologic factor of coronary artery disease, carotid artery disease
and peripheral artery disease. In our study, we aimed to show the presence and effect of Epstein-Barr virus
(EBV) on the carotid artery stenosis leading chronic inflammatory process by producing pro-inflammatory
cytokines and causing atherosclerosis.

Material and methods: Between April 2017 and April 2018, thirty-six patients, who underwent carotid en-
darterectomy at Department of Cardiovascular Surgery, Istanbul University Istanbul Medical Faculty, are
included in this study upon their consent. Each voluntary patient was initially recorded for age, sex, height
and weight. Among 36 patients included in the study, 58.3% (n = 21) were male and 41.7% (n = 15) were
female. The comorbidities such as hypertension, diabetes mellitus were considered.

Results: There was not significant difference in EBV (DNA) positivity according to hyperlipidemia presence, sex,
and age factors. However, the EBV (DNA) positivity was higher in the patients with co-morbidities such as hy-
pertension and diabetes mellitus; no significant difference was detected. EBV (DNA) positivity in patients with
bilateral carotid artery stenosis was 42.1% and it was 0% in patients without bilateral carotid artery stenosis
(p: 0,002). The EBV (DNA) positivity was significantly higher in patients with bilateral carotid artery stenosis
Conclusion: We believe that our significantly high EBV (DNA) rates in the patients with bilateral carotid
artery stenosis may encourage the studies that claim the role of viral etiology on atherosclerosis, however,
further studies are needed.
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Introduction

Atherosclerosis is the main cause of the cardiovascular
and cerebrovascular morbidity, and results from multi-
factorial etiology. Obesity, hyperlipidemia, diabetes mel-
litus, hypertension, and smoking are traditional risk fac-
tors." Worldwide the most common cause of death and
disability is atherosclerosis and its complications for the
cardiovascular system.?

There are many reports about supporting chronic in-
flammation role in atherosclerosis as a result of infectious
etiology. Involvement of bacterial and viral agents to the
pathways leading to the atherosclerosis has been shown
in many experimental animal studies.’

Carotid artery stenosis is one of the most common dis-
eases in elderly patients and is the leading cause of stroke
and stroke is the third leading cause of death worldwide.?
Approximately 87% of the strokes are ischemic, 10% due
to intracerebral hemorrhage, and 3% due to subarach-
noid hemorrhage.*>

EBV role in the etiopathogenesis of atherosclerosis is as
unclear as CMV. It is thought that EBV triggers producing
pro-inflammatory cytokines such as interleukin-6 (IL-6)
and endothelial cell expression of intercellular adhesion
molecule-1 (ICAM-1). Increased levels of these cytokines,
TNF-a and IL-6, predict mortality and morbidity. Also,
they are observed in atherosclerotic lesions and serum in
cardiovascular disease patients.®

In our study, we aimed to show the presence and ef-
fect of Epstein—-Barr virus (EBV) on the carotid artery ste-
nosis leading chronic inflammatory process by producing
pro-inflammatory cytokines and causing atherosclerosis.

Patients and methods

We included 36 patients who underwent carotid endarte-
rectomy (CEA) operation at Department of Cardiovascu-
lar Surgery, Istanbul University Istanbul Medical Faculty
between April 2017 and April 2018 in this study. The same
surgeon (M.U.) operated on 35 patients and the surge-
ry of a remaining one was performed by a different sur-
geon.

Each voluntary patient was initially recorded for age,
sex, height and weight. Among 36 patients included in
the study, 58.3% (n = 21) were male and 41.7% (n = 15)
were female. 66.7% of the patients were 65 years old and
older with a mean age of 67.5+9.6 years and a median
age of 68 years (minimum 42 — maximum 85).

Body mass index (BMI) was calculated. The comorbidi-
ties such as hypertension, diabetes mellitus, and chronic
renal failure (CRF) were considered. Patients were ques-
tioned for presence of neurological symptoms before op-
eration, bilateral CEA operation necessity, smoking and
alcohol use, previous cardiovascular interventions and
family history.

Patients with additional immunosuppressive condi-
tions (malignancy, chronic autoimmune disease, AIDS
etc.) were excluded from the study. For patients who
needed bilateral CEA operation; unilateral atheromatous
plaque was preferred.

Carotid artery stenosis rates were revealed by radio-
logical imaging results such as carotid duplex ultrasonog-
raphy, computerized tomography angiography, magnet-
ic resonance angiography, and subtraction angiography.

Conventional carotid endarterectomy operation tech-
nique was preferred for all of the patients. Operations
were performed with continuous neurological evaluation
during carotid arterial clamping under cervical regional
block. Dacron patch was used in all patients.

Following conventional carotid endarterectomy proce-
dure, samples were taken from the patients into the ster-
ile petri dishes and pre-mechanically disintegrated with
scalpel. Subsequently, 400 pl of tissue lysis solution and
40 pl of proteinase K were added to 2 ml of sterile Eppen-
dorf Tubes to perform 56 °C overnigt tissue disruption —
Buffer ATL (Cat no: 939011), Proteinase K (Cat no: 19133;
giagen). Quantitation of EBV samples in Green channel
was performed by PCR analysis. In the yellow channel, the
internal control used during the isolation phase was as-
sessed, which allows us to check the Isolation and PCR
stage correctly.

Surgical technique

Under regional block and local anesthesia, common ca-
rotid artery, internal and external carotid arteries were
prepared by incision parallel to the sternocleidomastoid
muscle. Following systemic heparinization (5000 IU), the
arteries were clamped. Prior to arteriotomy, the patien-
t's consciousness and neurological status was evaluated
with oral stimulation and contralateral half of the body
in response to commands. If neurological disorder was
detected, endarterectomy was going to be performed
with shunt. Neurological deterioration was not detected
in any patients. Internal carotid arteries were reconstruc-
ted using Dacron patch material in all patients. In pati-
ents with bilateral carotid artery stenosis, the presence of
symptoms was considered in decision. Primarily, the sym-
ptomatic side was treated; otherwise the more stenotic
side was operated. The plaque material was sent to the
microbiology laboratory under appropriate conditions
for microbiological examination.

EBV DNA analysis

Clinical specimens obtained from the patients after con-
ventional carotid endarterectomy were first subjected to
physical disintegration with the help of a scalpel in ste-
rile petri dishes. After the procedure, the shredded cli-
nical specimens were placed in 20 mg sterile Eppendorf
tubes with 400 pl of tissue lysis solution (Qiagen, Cat
no: 939011), and 40 pl of proteinase K (Qiagen, Cat no:
19133) was added, in accordance with the kit procedure,
to perform overnight incubation at 56 °C. Then, 600 pl of
AVE solution was added into the Eppendorf Tubes con-
taining the clinical specimens, and EBV DNA extraction
was performed. Extraction of the samples was performed
using the EZ1 Virus Mini Kit v2.0 (Qiagen cat no:955134).
PCR was performed using the Artus EBV QS-RGQ kit (24)
(Cat n0:4501363) on a Rotorgene Q instrument. Assess-
ment of the results was based on the Rotorgene Q device
in the green channel showing the presence of EBV DNA
in clinical specimens and in the yellow channel displaying
the internal control for any inhibition in the study.
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Fig. 1 - EBV (DNA) distribution according to the presence of bilate-
ral carotid artery stenosis.

Statistical analysis

Statistical Product and Service Solutions (SPSS) software
package (version 21.0, SPSS-IBM, Armonk, NY, USA) was
used for all analysis at the 95% confidence level and p<
0.05 significance level. Quantitative variables were repor-
ted as the mean and standard deviation (SD); qualitative
variables were described as number and percentages.
Quantitative variables were analyzed by Friedman Analy-
sis for dependent groups. Subgroup analysis was perfor-
med by Wilcoxon Analysis and interpreted by Bonferroni
correction. The independent groups were compared with
chi-square analysis.

Ethical approvement

The study was approved by ethical commitee of Istanbul
University Istanbul Medical Faculty with 2019/830 num-
ber. The microbiological examination was performed in
Istanbul University Istanbul Medical Faculty.

Results

Thirty-six patients were included into the study. 58.3% (n
= 21) of the patients were male and 41.7% (n = 15) were
female. 66.7% of the patients had DM, 61.1% had HT and
55.6% had hyperlipidemia. 66.7% of the patients were
65 years and over, with a mean age of 67.5+9.6 years and
a median age of 68 years (minimum 42 - maximum 85
(Table 1)). Smoking was one of the questioned factors
and twenty-four patients were active smokers and eight
patients were ex-smokers.

The EBV (DNA) presence in the samples taken from the
patients’ plaques were examined considering sex, age
and comorbidities. EBV (DNA) positivity (25%) was high-
er in DM patients than in non-DM patients (16.7%) (p:
0.201). Similarly, EBV (DNA) positivity (25%) was higher
in HT patients than in non-HT patients (18.8%) (p: 0.654).
However, the EBV (DNA) positivity was higher in the pa-
tients with co-morbidities; no significant difference was
detected. Also there was not significant difference in EBV
(DNA) positivity according to hyperlipidemia presence,
sex, and age factors (Table 2).

Fig. 2 - Bilateral carotid artery stenosis according to the presence
of hyperlipidemia.

Table 1 - Demographic characteristics of the patients

n %
Gender Male 21 (58.3)
Female 15 (41.7)
Age* < 65 years 12 (33.3)
>65 years 24 (66.7)
Diabetes mellitus 24 (66.7)
Hypertension 22 (61.1)
Hyperlipidemia 20 (55.6)
Smoking 32 (88.8)

* Mean age 67.5+9.6 and median age 68 (min.: 42 max.: 85)

Table 2 - Relationship between EBV (DNA) positivity and

gender, age and comorbidities

EBV (DNA)
Negative Positive p
n % n %
Gender Male 16 (76.2) 5 (23.8)
0.786
Female 12 (80.0) 3 (20.0)
Age <65years 10 (83.3) 2 (16.7) T
>65years 18 (75.0) 6 (25.0)
Diabetes Negative 10 (83.3) 2 (16.7)
mellitus " 0.201
Positive 18 (75.0) 6 (25.0)
Hypertension Negative 13 (81.3) 3 (18.8)
- 0.654
Positive 15 (75.0) 5 (25.0)
Hyperlipidemia ~ Negative 12 (85.7) 2 (14.3)
0.361
Positive 16 (72.7) 6 (27.3)
Bilateral carotid Negative 17 (100.0) 0 (0.0)
artery stenosis " 0.002
Positive 11 (57.9) 8 (42.1)
Total 28 (77.8) 8 (22.2)
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Table 3 - Relationship between bilateral carotid artery stenosis

and gender, age and comorbidities

Bilateral carotid artery stenosis

Negative Positive p
n % n %
Gender Male 10 (476) 11 (52.4) 0.955
Female 7 (46.7) 8 (53.3)
Age < 65 years (58.3) (41.7) 0.345
>65years 10 (41.7) 14 (58.3)
Diabetes mel- Negative 8 (66.7) 4  (33.3) 0.098
I Positive (37.5) 15 (62.5)
Hypertension Negative 10 (62.5) 6 (37.5) 0.101
Positive 7 (35.0) 13 (65.0)
Hyperlipidemia Negative 10 (71.4) 4 (28.6) 0.020
Positive 7 (318 15 (68.2)

When EBV (DNA) positivity was examined depending
on the presence of bilateral carotid artery stenosis; the
EBV (DNA) positivity in patients with bilateral carotid ar-
tery stenosis was 42.1% and it was 0% in patients without
bilateral carotid artery stenosis (p: 0.002). The EBV (DNA)
positivity was significantly higher in patients with bilat-
eral carotid artery stenosis (Table 2, Fig. 1).

When bilateral carotid artery stenosis presence was ex-
amined according to age, sex, hyperlipidemia, diabetes
mellitus and hypertension; bilateral carotid artery ste-
nosis was significantly higher in patients with hyperlip-
idemia (68.2) than the patients without hyperlipidemia
(28.6) (p: 0,020) (Table 3, Fig. 2).

Discussion

Atherosclerosis is the most common cause of corona-
ry artery disease, carotid artery disease, and peripheral
artery disease.? Infectious etiology is thought as one of
the etiologic factors that lead to atherosclerosis by tri-
ggering chronic inflammation.! In literature, there are
some studies that have found the prevalence of CMV and
EBV 63.3% and 56.7%, respectively, in the atheromatous
plaque samples. Also there are earlier reports that re-
veal 10-90% CMV prevalence in atheromatous plaque.
On the contrary to this, some authors declared that they
were not able to identify CMV in atherosclerotic tissues.’
In a study by Shi et al.” the prevalence of EBV was found
in a range of 60-80% in atheromatous plaque samples
which agrees with Horvarth et al.® and Priyanka et al.’s'
results.

Despite the role of viral infections in the pathogenesis
of atherosclerosis is controversial; the role of viral etiolo-
gy in atherosclerosis has stronger evidences day after day.
The studies that have shown influenza vaccination may
serve as secondary prevention for coronary events and the
relationship between chronic infection of human papillo-
ma virus and the incidence of coronary artery disease are
one of the most demonstrating examples of the role of

viral mediated atherosclerosis.' The mechanisms that viral
infections trigger the pathway of atherosclerosis include
cytokins. The viral infection promotes pro-inflammatory
cytokine reproduction and these pro-inflammatory cy-
tokines may cause endothelial damage and predispose
multiple phases of atherosclerosis.® There are some stud-
ies that the level of CMV- and EBV-specific antibodies are
found increased in vascular disease patients.® Following
reactivation of latent virus, EBV encodes an enzyme, de-
oxyuridine triphosphate nucleotidohydrolase (dUTPase).
It is shown that dUTPase induces peripheral blood mono-
cytes to produce pro-inflammatory cytokines.! The reason
of while some studies could show the EBV presentation in
atherosclerotic lesions; the others of them could not de-
tect any viral pathology is maybe the technical difficulties
to detect low viral load.

When the role of viral etiology on atherosclerotic dis-
eases hass gained importance; the association between
infectious agents and calcified aortic valve stenosis has
been evaluated in a limited number of studies. Because,
although the degenerative aortic stenosis was thought to
have occurred as a result of the passive accumulation of
calcium, the recent studies have shown that the etiology
of the aortic valve diseases has similar pathophysiology
with vascular atherosclerosis. However there has been no
evidence for the presence of EBV in stenotic aortic valves.™

In our study when EBV (DNA) positivity was examined
according to the presence of bilateral carotid artery ste-
nosis; the EBV (DNA) positivity in patients with bilateral
carotid artery stenosis was 42.1% and it was 0% in pa-
tients without bilateral carotid artery stenosis (p: 0.002).
The EBV (DNA) positivity was significantly higher in pa-
tients with bilateral carotid artery stenosis. Bilateral ca-
rotid artery stenosis was significantly higher in patients
with hyperlipidemia (68.2) than the patients without
hyperlipidemia (28.6) (p: 0.020). But there was not sig-
nificant difference in EBV (DNA) positivity according to
hyperlipidemia presence, sex, and age factors.

The limitations of our study include a limited number
of patients and single center experiences. Although we
have found higher EBV (DNA) positivity in the patients
with bilateral carotid artery stenosis and higher bilateral
carotid artery diseases in patients with hyperlipidemia;
we could not detect significant difference in EBV (DNA)
positivity according to hyperlipidemia presence. Besides
we could not clarify the role of EBV (DNA) in the pathway
leading to atherosclerosis.

In conclusion, we believe that our significantly high
EBV (DNA) rates in the patients with bilateral carotid ar-
tery stenosis may encourage the studies that claims the
role of viral etiology on atherosclerosis, however further
studies are needed.
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