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Introduction

The human herpesviridae family shows a
high percentage of seroprevalence the population
worldwide. It is estimated that 50 to as many as 100%
of healthy people have positive rates of antibodies to
cytomegalovirus (CMV) and up to 90% for Epstein-
Barr virus (EBV) [1], [2]. After primary infection by CMV
and/or EBV, a lifelong latency develops and under
certain conditions they may be reactivated. However,
latent viruses can often reactivate without conspicuous
symptoms of infection, particularly during or shortly
after periods of the high physical and/or psychological
stress as a consequence of immune depression in
athletes [3], [4]. Indeed, viral reactivation has been linked
with acute and chronic stress [5], [6] and these may be
exacerbated by frequent training and competition [7].
Their reactivation can lead to varying liver damage from
a mild and transient elevation of aminotransferases to
acute hepatitis and liver failure [8]. According to the
literature, fatigue and adynamia were the most common

clinical features [9].

Abstract

BACKGROUND: Heavy training schedules or endurance competitions in marathon are forms of extreme physical
stress and lead to immunodepression in runners which could be associated with increased susceptibility to viral
reactivation by ubiquitous viral infection such as cytomegalovirus (CMV) and Epstein-Barr virus (EBV). Lately, it was
confirmed presence of elevated CMV and EBYV loads and the lower antibody titers in competitive athletes. The most
common clinical features are fatigue and adynamia accompanied with liver damage, varying from mild and transient
elevation of aminotransferases to serious acute hepatitis and liver failure.

CASE REPORT: Bearing in mind that a professional practice of marathon running is hazardous for the liver,
therapeutic action is necessary as soon as possible to avoid serious complications and even cessation of professional
competition. In our case report of professional female marathon runner, we need to treat CMV and EBV reactivation
which caused liver damage, prevented regular trainings, and upcoming competitions. We opted for four sessions of
nanomembrane based apheresis performed every other day for removal pathological products resulting from virus
reactivation to break through the course of the disease and to prevent complications. After completing the whole
procedure control laboratory tests and abdominal ultrasound were in physiological ranges.

CONCLUSION: Hence, nanomembrane based apheresis can be effective and safe treatment of liver damages for
elite marathon runners as well as for athletes.

Marathon running has been intensively studied
to better understand the impact on elite athlete’s health
and well-being. However, it was pointed out that heavy
training schedules or endurance competitions, such
as marathons, are forms of extreme physical stress
and lead to immunodepression in athletes, which is
associated with increased susceptibility to infection [10].
The trend of recent years shows an increased duration,
intensity, and difficulty of training, a high-frequency
participation in sports event which negatively affects
the risk of infections including viral reactivations [11].
Recurrent infections, mild or severe, can cause frequent
interruptions, lack or stagnation of performance,
retirement from competitive sports, furthermore, and
influencing long-term everyday life [12].

In this regard, the problem of finding additional
therapeutic measures for faster recovery of liver
damage caused by reactivation of CMV and EBV
viruses in professional marathon runners remains a
challenge. More recently, special attention has been
drawn to therapeutic apheresis which is used for the
treatment more than 75 different diseases including viral
infections [13]. It is considered as a pathogenetically
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justified method for treating and preventing the
progression of liver damage [14]. Apheresis is a method
of efferent therapy in which patients’ blood is passed
through a medical device that separates the plasma
from other component of the blood. Plasma is removed
and replaced by a plasma replacement solution (for
example: Albumin, NaCl 0.9%, and donor plasma) [15].

Here, we wanted to show the effects of the
apheresis of a professional marathon runner who felt
tired and exhausted due to the reactivation of the CMV
and EBV viruses, which are why she had to stop regular
preparatory training for the season.

Case Report

A 37-year-old female, a professional marathon
runner, applied for an immunological examination due
to faster fatigue during the usual training, which she
noticed a month ago without any other accompanying
symptoms. During that period, she did nothave febrility or
sore throat. Regularly, she takes following supplements
oligominerals calcium (Ca), magnesium (Mg) and zinc
(Zn), Vitamins B complex and D, Aspirin, § alanine, and
inosine. Possible severe acute respiratory syndrome
coronavirus 2 infection is excluded — Immunoglobulins
G (IgG) 0.02 (17 May 2021). Laboratory parameters
(May 18, 2021) pointed on liver damage (Aspartate and
Alanine Transaminase: AST 66.6, ALT 127.3) without
increase acute phase reactants (C-reactive protein:
1.19), leukocytes 6.64 (Granulocyte 54.6, Lymphocyte
34.4, and Monocyte 7.53%), erythrocytes 4.93,
hemoglobin 136, hematocrit 0.436, and platelets 386.
Serological tests (May 29, 2021) showed elevated 1gG
concentrations for EBV (39.9 U/ml)and CMV (39.4 U/ml),
while their concentrations in the IgM fraction were
negative/non-reactive. Abdominal ultrasound (April
01, 2021.) showed a slight enlargement of the liver,
a homogeneous somewhat coarser structure without
focal lesions; spleen of marginal size, homogeneous
structure of parenchyma with accessory structure in
hilus.

According to perform diagnostic procedures, it
was indicated treatment with membranous apheresis at
the institute “Dr Simo Milosevic” Igalo. After the patient
was acquainted with the technique of performing the
procedure, the expected results, and possible risks,
she signed the consent and the treatment began on
April 14, 2021. The procedure consisted of four cycles
of membranous apheresis on a Hemofenix device
(Trackpore Technology, Russia) (Figure 1a-1) with
PFM 500 filters (Plasmofilter, Russia) (Figure 1a-3)
performed every other day in the period from April 14,
2021 to April 20, 2021. Before each cycle, the patient
had premedication which consisted of 5000 IU Heparin
in a bolus with 5000 IU Heparin in 500 ml saline. In

Figure 1: (a) 1 — Hemofenix device, 2 — Rubin Laser, and 3 — PFM
500 filters; (b) Presentation of apheresis procedure

addition, extracorporeal photomodification of blood
was performed during each cycle using laser, red, and
infrared beams (Rubin Laser, Russia) (Figure 1a-2).
Apheresis procedure is shown in Figure 1b.

Before the procedure, it was measured: Body
weight 56,200 kg, body height 168 cm, body mass
index 19.84, blood pressure 120/75, and pulse rate
77/min. Further, it was calculated volume of circulated
blood (3934 ml) as well as plasma volume (2333 ml).
During individual cycles, a volume of 2900-3700 ml
(average 3250 ml) of circulating blood was processed,
and 600—700 ml of plasma (average 625 ml) or 26—-30%
of the plasma volume was removed. There were no
complications and side effects during procedures.

The protocol data of each individual procedure
cycle are shown in Table 1.

Table 1: Protocol of membranous apheresis
procedure — extracorporeal chemo correction

Measured values | cycle Il cycle Il cycle IV cycle
Blood stabilization-ACD-A (ml) 290 230 150 200
Processed blood volume (ml) 2900 3100 3300 3700
Removed plasma volume (ml) 600 600 700 600
Replaced volume of 0.9% NaCl (ml) 500 900 700 500

ACD-A: Anticoagulant Citrate Dextrose Solution.

The achieved effect of individual cycles is
seen through the appearance of the removed plasma
(Figure 2).

Complete blood count immediately before the
first cycle and immediately after the fourth cycle of the
procedure is shown in Table 2.

Table 2: Complete blood count immediately before the first and
immediately after the fourth cycle of apheresis

Measured
values

Before the first cycle Immediately after the fourth cycle

Erythrocytes 4.98 5.36
Hemoglobin 137 143
Hematocrit 40.7 43.9
MCV 81.7 81.9
MCH 275 26.7
MCHC 337 326
Leukocytes 6.7 7.4

Lymphocytes 26.2 341
Monocytes 3.2 2.4

Granulocytes 70.6 63.5
Platelets 346 322

MCV: Mean corpuscular volume, MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular
hemoglobin concentration.

Hepatogram before the first cycle, after the
fourth cycle and 7 days after apheresis are shown in
Table 3.

Control ultrasound of the abdomen (April
26, 2021) — liver of appropriate size, homogeneous
structure without signs of focal changes. Spleen of
appropriate size and neat echo structure.
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Table 3: Hepatogram before the first cycle, after the fourth cycle and 7 days after apheresis

Measured parameters Before the first cycle (April 14, 2021)

After the fourth cycle (April 20, 2021)

Seven days after Apheresis (April 27, 2021)

AST (UIL) 6 32 31
ALT (UL) 115 68 46
LDH (UIL) 274 238 222
GGT (UIL) 55 22 21
CRP (mg/dL) 76 6.5 1.6

AST: Aspartate transaminase, ALT: Alanine transaminase; LDH: Lactate dehydrogenase, GGT: Gamma-glutamyl transferase, CRP: C-reactive protein.

After completing the apheresis procedure, the
patient stated that the feeling of fatigue was significantly
reduced, physical abilities and quality of sleep were
improved, while the subjective feeling of energy was
increased.

Figure 2: Appearance of removed blood plasma after the first
(a), second (b), third (c), and fourth (d) cycles of the apheresis
procedure

Discussion

In recent years, the practice of marathons
has become extremely popular to prevent diseases
associated with progress of civilization. However,
professional marathon runners are exposed to
prolonged physical stress accompanied with liver and
skeletal muscles damages, metabolic depletions as
well as dysregulation of immune system. Moreover,
high-intensity or extensive training loads transiently

diminish the immune competence [16]. Hence, it was
suggested a weaker immune function in competitive
athletes [17].

Diminish performance and fatigue are often
associated with EBV and CMV infections in elite
athletes [18]. The viruses persist lifelong in the
organism, and they controlled by the adaptive immune
system, which is measured by detection of specific
antibodies in the sera [19].

If the viruses are reactivated, the adaptive
immune system responds by both cellular and
humoral components with the consequent formation
of circulating immune complexes and production of
inflammatory mediators. It is necessary to detoxicate
organism with removal pathological products resulting
from virus reactivation to break through the course
of the disease and to prevent complications. For this
purpose, apheresis is the most effective therapy in
removal pathological products and all components
incompetent humoral immunity [20].

The reasons that make nanomembrane
based Apheresis the most effective approach for
viral infections are (1) rapid control of quantitative
and qualitative abnormalities of plasma and/or blood
components, (2) semi-permeable nanomembrane
can localized immunologically active compounds
(pathological antigens or antigen-antibody complexes)
on its surfaces, (3) addition of extracorporeal laser blood
irradiation reactivate antioxidant protection as well as
increase immunomodulatory and anti-inflammatory
effects by lymphocytes and macrophages activation
[13],[21]. Comparing to standard protocols in treatment
of viral infections advantages are decrease treatment
period through faster elimination viral antigens, prevent
further liver cells damages and restoration of immune
system, adaptive and innate. However, disadvantage
of nanomembrane based Apheresis is expensiveness
compared to the usual treatment.

Even more, American Society for Apheresis
in 2013 approved this kind of procedure as minimally
invasive and safe because it is performed on a single
needle and removed plasma is replaced by saline
solution [22]. According to the literature, apheresis
procedure in combination with extracorporeal laser
blood irradiation could be a highly effective therapeutic
tool in the prevention of brain damage caused by HSV1
encephalitis [23].

Liver damage in professional marathon
runners caused by reactivation of hepatotropic CMV
and EBV includes combination of more pathogenetic
mechanisms with the consequent accumulation
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toxic products and increased levels of AST and ALT
as parameters of hepatocyte cell damage. Basic
physiological mechanisms imply that pathogenetic
agents and produced toxic mediators are first present
intravascular. Later, as the process progresses, they can
leaky into the interstitial and intracellular department.
Since the apheresis procedure removes pathological
substrates from the blood or intravascularly, their
effective removal from the body requires repeating the
procedure at defined time intervals.

Hence, we apply procedure consisted of four
sessions of nanomembrane based apheresis with
additional extracorporeal laser beam irradiation of blood
for the detoxication body of the pathological substrates
create by CMV and EBV reactivation. The sessions held
every other day and in each of them safely removed
approximately 600 ml of plasma or 25%. Immediately,
after finished the whole procedure, concentration of
AST and ALT significantly decreased. According to the
performed control abdominal ultrasound and laboratory
tests 1 week later, the progression of liver damages was
effectively interrupt. Our professional female marathon
runner started with regular training process 1 week
after finishing apheresis treatment, and 2 months later
takes part on European league competition.

Conclusion

Professional marathon runners are exposed
to ubiquitous viral infection such as CMV and EBV
bearing in mind their prevalence in the general
population. Adding to that the fact that a marathon
in elite running is a hazardous for the liver, the
principle of treatment must be adapted to the need
to preserve liver tissue and function. Four sessions
of nanomembrane based apheresis, every other day,
can be effective and safe treatment of liver damages
in elite marathon runners.
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