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Abstract

During influenza pandemics in the last few years many people have died from severe complica-
tions associated with this pandemic despite receiving intensive care. This suggests that a definitive medical
treatment for severe influenza-associated complications has not yet been established. About the patho-
genicity of flu, many studies have shown that superoxide anion produced by macrophages infiltrated into
the virus-infected organs is implicated in the development of severe influenza-associated complications.
Selected antioxidants, such as alpha-tocopherol, N-acetyl-L-cysteine, glutathione, ascorbic acid, 5,7,4-tri-
hydroxy-8-methoxyflavone, catechins, quercetin 3-rhamnoside, iso-quercetin etc. inhibit the proliferation
of influenza virus and scavenge superoxide anions. The combination of antioxidants with antiviral drugs
synergistically reduces the lethal effects of influenza virus infections. These results suggest that the combi-
nation of an agent with antiviral activities and an antioxidant could be a drug of choice for the treatment of
patients with severe influenza-associated complications. Hopefully, this update of knowledge of antioxidant
therapy of flu could be used as a potential approach to overcome the influenza-associated complications.
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Pe3zrome

[To Bpeme Ha rpumnHa MaHAEMUS B TIOCICTHUTE TOJMHA MHOTO X0Opa ca MOYMHAIN OT TEXKH yCIOXKHEHHUS,
BBIPEKU MOJyyaBaHE HA MHTEH3MBHM Iprku. ToBa mpenrnosara, 4e Cepuo3Ha CTpaTrervsi 3a MEIUIIMHCKO
JICUEHUE Ha TEXKKO MPOTHYAIIMS TPHUII, BCE OIIE HE € YCTaHOBEHA. MHOTo M3CIe/BaHUs Ca TMOKa3aid, ue
CYIIEPOKCHJI aHWOH TPOM3BEIACHW OT Makpodard NPOHUKHAIN B HH()EKTUPAHWTE OpPraHH € CBBpP3aH C
Pa3BUTHETO Ha TEXKU TPUMHH YyCIOKHEHHsA. Hsikon aHTHOKCHAAaHTH Karo o-Tokodepon, N-arerwi-L-
LMCTEHH, TITyTaTHOH, aCKOPOMHOBA KHUCENUHA, 5,7 ,4-TpUXUAPOKCU-8-METOKCU(IIABOH, KATEXHHU, KBEPLIETUH
3-paMHO3U1, N30- KBEPIICTUH Ap. MHXHUOUPAT npoudepalusaTa Ha TPUITHIS BUPYC U YIIABAT CYNCPOKCHTHUTE
annoHu. KoMOMHaIMATa OT aHTHOKCHIAHTH ChC CTICIIM(PUYHI AaHTUBUPYCHH JIEKAPCTBA CHHEPTMYHO HAMAJISIBA
naryoHuTe e()eKTH Ha TPUITHUTE BUPYCHU WH(MEKIUHU. Te3u pe3ynrard Mmpearoarar, 4¢ KOMOMHAIMITA Ha
cnenudryueH aHTUBUPYCEH TIPeTiapaT ¥ aHTHOKCHIAHT MOYKE J1a € YCTICIITHA CTpaTeT s 3a JICUCHHE Ha IMallueHTH
C TEXKKU YCIOKHEHUSI, BH3HUKHAIM CJIEA TpullHa MHQEKIus. AKTyaJu3upaHETO Ha 3HAHUATA 3a TaKUBA
KOMOMHAIMY TpY NpO(UIAKTUKA U TEpaus Ha TPUIl MOraT J1a ObJIaT MOTEHIIMAJIEH MOIXO0 3a IIPEO0IsIBaHe
Ha IPUN-CBbP3aHUTE YCIOKHEHHUS.

Introduction

Influenza virus infection is a most widely
spread illness and a major public health problem
usually occurring in the northern hemisphere be-
tween the months of December and April. Epidem-
ics of influenza are characterized by an increased
morbidity and mortality in the community. Each
year, seasonal influenza epidemics are responsi-
ble for 3—5 million cases of severe illness and 200
000-500 000 deaths worldwide. For this reason the

prevention and treatment of influenza infections is
of particular importance (Vlahos, 2012).

Influenza virus A is a member of the Ortho-
myxoviridae family of enveloped, segmented, neg-
ative-strand RNA viruses. This virus replicates in
the epithelial cells lining the upper respiratory tract
of humans, and in both the upper and lower respira-
tory tract of mice (Ghoshal et al., 2001).

One of life’s paradoxes is the fact that the



molecule supporting aerobic life —oxygen - is not
just essential for energetic metabolism and for res-
piration, but almost equally involved in the ethio-
pathogenesis of numerous diseases and degener-
ative states due to oxygen-based reactive species
called free radicals. Nature has selected and includ-
ed, in an evolutionary manner, in the composition
of living bodies, reactions generating free radicals
with multiple roles: functional, intercellular com-
municational or destructive, cytolytic, etc. Free
radicals occur in the body as the result of endoge-
nous metabolic activity or of the local assimilation
of some chemical pollutants at cellular level or at
the level of several tissues, simultaneously or grad-
ually. Due to their high reactivity, free radicals have
been found responsible for many noxious effects on
the living body. Oxidative stress is defined as an
exaggerated production of oxygenated free radi-
cals, accompanied by a dislocation of antioxidative
agents. We cannot live without oxygen, since it is
essential in the functioning of energy-producing
cells. A body transforms and eliminates oxygen (as
CO,) properly almost entirely (98%). Free radicals
produced by one’s own body play a role in the cell
defense system, destroying bacteria and viruses,
decomposing chemical pollutants, and neutralizing
toxins (Peterhans, 1997a,b; Ghoshal et al., 2001;
Vlahos, 2012).

The purpose of this work is to analyze the
role of reactive oxygen species and development
of oxidative stress in the pathogenesis of influenza
viral infection, as an area of target for medication
of flu. Attention should be focused on: (i) the ef-
fect of the virus on activation of phagocytic cells
to release of free radical generation and pro-oxi-
dant cytokines such as tumor necrosis factor; (ii)
the effect of the virus on the pro-/antioxidant bal-
ance in host cells; (iii) effects of the redox state of
the cell on the genetic composition of the virus as
well as ROS-mediated release of host cell nuclear
transcription factor-kappa-B, resulting in increased
viral replication; and (iiii) efficacy of antioxidants
as therapeutic agents administered individually and
in combination with specific inhibitors of viral rep-
lication (Peterhans, 1997a; Peterhans, 1997b; Vla-
hos, 2012).

Oxidative stress as a key of influenza virus
pathogenesis
The influenza infection starts with virus in-
fusion in the lungs (Fig. 1). A cascade of processes
follows:
* Massive infiltration of the infected tissue by

leukocytes, mainly PMNs, in the alveolar space, af-
ter the inoculation of influenza virus;

* Decrease in the partial pressure of oxygen and
the development of hypoxia;

* Increase in the partial pressure of CO, and de-
velopment of metabolic acidosis;

* Release of cytokines and prostaglandin E2, and
an enhanced immune response;

» Reducing the levels of endogenous lipo- and
water-soluble antioxidants, as well as compensato-
ry changes in the activity of antioxidant enzymes,
massive bronchitis and pneumonia (Peterhans,
1997a,b; Mileva et al., 2000, 2002a,b).

This concept of viral pathogenesis was put to
the test using a mouse model of influenza (Hennet
et al., 1992; Peterhans, 1997; Lui et al., 2003). An-
imals infected intranasally develop severe systemic
symptoms, including a decrease in body tempera-
ture and weight, and anorexia at days five and seven
post infection. The infection remains restricted to
the airways and lungs, but the symptoms involve
the whole infected organism. Viruses are parasitic
pathogens that replicate in living cells, exploiting
multiple intracellular pathways in their hosts for
their own advantage and growth. As a rule, viruses
cause a wide array of inflammatory and neurologi-
cal diseases, leading to serious consequences (Fig.
2). Both viral products and host mediators can cause
tissue damage, and depending on the cell type and
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Fig. 1. Influenza A enters the lungs where it
infects epithelial cells and then replicates and
infects other cells (e.g. alveolar macrophages).
Activation of these cells leads to the induction of
the master transcription factors NFkB and results
in the production of various cytokines (e.g. TNF-a)
and chemokines that serve to perpetuate the
inflammatory response through the recruitment
of peripheral blood monocytes, macrophages,
neutrophils and T cells into the airways. Activated
macrophages and epithelial cells also release ROS,
which cause lung inflammation, edema, tissue
injury and lung dysfunction

Thomas R. Martin, and Mark M. Wurfel. Cell 133, April 18, 2008.



site of nervous system involvement, this damage
can lead to such varied pathological processes as
meningitis, neuritis, myelitis, encephalitis, vascu-
litis, or demyelinating disease (reviewed by Tyler
and Nathanson, 2001; Love and Wiley, 2002).

The acute form of influenza was shown to re-
sult in the release of several biogenic amines (Han
et al., 2000; Jabody, 2002), production of interfer-
on (Samuel, 1991; Cox and Hughes, 1999), activa-
tion of nitric oxide synthase and xanthine oxidase
(Oda et al., 1989; Akaike et al., 1996; Peterhans,
1997a; Murphy et al., 1998), stimulation of respira-
tory burst in phagocytic cells (Peterhans, 1997a, b)
and accumulation of lipid peroxidation products in
blood and target organs (Oda et al., 1989; Schwarz,
1996; Peterhans, 1997a,b; Murphy et al., 1998; Mi-
leva et al., 2000). Influenza infection activates res-
ident phagocytes in the tissues to generate reactive
oxygen species as part of the host’s defense mech-
anism against virus replication. In order to protect
the cells from virus-induced oxidative processes,
host cells must have evolved some antioxidant
mechanism that effectively scavanges the reactive
oxygen species (Fig. 3).
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Fig. 2. Consequences caused by viral infections

The lipid-rich lung cell membranes are par-
ticularly susceptible to lipid peroxidation, an au-
tocatalytic process that damages lipid-contain-
ing structures and yields reactive by-products as
malondialdehyde (MDA) and 4-hydroxy-2-nonenal
(HNE), which can covalently modify and damage
cellular macromolecules. Their levels in the body
are an adequate marker of oxidative damage (Fig.
4).

HNE and MDA are electrophilic species that
can covalently modify and damage cellular mac-
romolecules. At physiologic concentrations, HNE
and MDA are potent regulators of cell growth and
differentiation, affecting both cellular transcrip-
tion and cell cycle progression (Ji et al., 1998;
Keller and Mattson, 1998; Poli and Schaur, 2000;
Kakashita and Hattori, 2001). Oxidative cellular
injury can cause cellular dysfunction and, when
severe, this form of injury can cause cell death.
Steady-state levels of oxidative tissue damage rep-
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Fig. 3. Antioxidant defence mechanisms against
influenza varus infection

BIOLOGICAL EFFECTS OF MARKER OF OXIDATIVE PROCESSES MDA
DEPENDING ON THE DEGREE OF LIPID PERQXIDATION AND THE
FORMATION QUANTITY

Fig. 4. Biological effects of biochemical marker
of oxidative processes malondialdehyde (MDA)
depending on the degree of lipid peroxidation and
the formation quantity

resent a balance between rates of damage caused
by pro-oxidant stimuli and rates of antioxidant and
tissue repair mechanisms that decrease ROS/RNS
levels and remove oxidatively damaged molecules
(reviewed by Halliwell and Gutteridge, 1999; Hal-
liwell and Whiteman, 2004).

The production of reactive oxygen species
(ROS), particularly superoxide, is an important host
defense mechanism for killing invading pathogens.
However, excessive superoxide may be detrimental
following influenza A virus infection. Influenza A
virus infection causes a rapid influx of inflamma-
tory cells, resulting in increased reactive oxygen
species production, cytokine expression, and acute
lung injury.

This is one of life’s paradoxes: (i) molecular
oxygen supports aerobic life: it plays an essential
role for energetic metabolism and for respiration; (ii)
oxygen radicals produced by one’s own body are re-
sponsible for the cell defense system, destroying bac-
teria and viruses, decomposing chemical pollutants,
and neutralizing toxins; (iii) almost equally they are
involved in the ethiopathogenesis of numerous dis-
eases and degenerative states due to oxygen-based
reactive species called free radicals.
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Fig. 5. Oxidative stress is defined as a state of:

*  Abnormal generation of free radicals;

»  Compensatory changes in the activities of antiox-
idant enzymes;

*  Decreased levels of endogenous low molecular
antioxidants (vitamin E, glutathione);

»  Disturbed anti-oxidant/pro-oxidant balance;

»  Disturbed redox state of organism.

+
Cell death

Therefore, ROS are a necessary evil of aer-
obic life, being generated continuously during the
process of respiration, but with the potential to
cause oxidative deterioration of protein, lipid and
DNA (Fig. 2). A range of different stress conditions
elevates ROS generation. ROS damage is linked
to serious degenerative conditions in humans. The
cumulative production of ROS/RNS through either
endogenous or exogenous ways is an important el-
ement of the condition called oxidative stress (Fig.
5). Oxidative stress corresponds to an imbalance
between the rate of oxidant production and that
of their degradation (Fig. 4). It is implicated as a
pathogenic factor in a number of viral infections,
including influenza viral infection (Oda et al., 1989;
Schwarz, 1996; Peterhans, 1997a,b; Murphy et al.,
1998; Mileva et al., 2000). Oxidative stress caused
by influenza virus increased vascular permeability
and increased “fragility” of vessels leading to ede-
ma of the airway mucosa and lung tissue, multiple
hemorrhages in the alveolar area, and interstitial
lung as well as in virtually all the internal organs.
The extent to which oxidative damage plays a ben-
eficial role for the host by limiting viral replication
is largely unknown. An enhanced understanding
of the role of oxidative damage in influenza viral
infection may lead to therapeutic strategies to re-
duce tissue damage during viral infection without
impeding the host antiviral response (Valyi-Nagy
et al., 2005).

New therapeutic approaches for treatment of
influenza

Early treatment of influenza might fail to pre-
vent complications in some patients, particularly
those infected with novel viruses such as the 2009

pandemic influenza A HINI1, avian influenza A
HS5N1 virus subtype, or the avian influenza A H7N9
virus subtype. Furthermore, treatment with one an-
tiviral drug might promote the development of anti-
viral resistance, especially in immunocompromised
hosts and critically ill patients. An obvious strategy
to optimize antiviral therapy is to combine drugs
with different modes of action. Because host im-
mune responses to infection might also contribute
to illness pathogenesis, improved outcomes might
be gained from the combination of antiviral therapy
with drugs that modulate the immune response in
an infected individual.

Preventing lung injury induced by influenza
with CR2 targeting complement inhibitor

The overreaction of the immune system is
an important cause of patient mortality. Oda et al.
pointed out in 1989 that symptoms of influenza are
inflammatory injury as a result of immune activa-
tion by influenza virus, instead of being directly
induced by influenza virus. The immune system is
activated in case of invasion by influenza virus.

Complement is an important and conserva-
tive system of natural immunity, and provides path-
ways for rapid and effective elimination of invasive
micro-organisms (Walport, 2001; Stoiber et al.,
2008). It is a “bridge” between natural immunity
and acquired immunity. If the complement system
i1s over activated, many complement components
will be consumed, and the anti-infection ability of
the body will be reduced; many active substances
derived from the activation will induce a severe
inflammatory reaction or tissue injury, resulting
in a pathological process (Blach-Olszewska et al.,
2007). CR2 is the central molecule for the immune
response regulation by the complement system.
An effective CR2 targeting complement inhibitor
can reduce mortality; significantly improve clinical
symptoms (decreased weight, lung index and he-
magglutination titer) and lung tissue inflammatory
injury of a virus infected model group. Therefore in
2010, Zhang et al. hypothesized that a CR2 target-
ing complement inhibitor is expected to be an ideal
drug for viral pneumonia.

Combination of neuraminidase inhibitor
oseltamivir with immunomodulatory drugs
Sharma et al. (2013) evaluated the effect of
the neuraminidase inhibitor oseltamivir in combi-
nation with immunomodulatory drugs in vitro and
in a mouse model of influenza A HINT1 infection by
determining survival rate, lung inflammation mark-



ers and histopathology. Sertraline and rolipram sig-
nificantly improved survival in mice infected with
a lethal dose of influenza A HIN1 virus. Prophy-
lactic treatment resulted in survival rates of 40%
(rolipram), 30% (oseltamivir), 0% (sertraline),
100% (rolipram/oseltamivir) and 70% (sertraline/
oseltamivir). Treatment in a therapeutic setting
(24 h post-infection) resulted in 80% (rolipram/
oseltamivir) and 40% (sertraline/oseltamivir) sur-
vival. Sertraline and rolipram had no effect on vi-
rus replication in vitro and in vivo, but significantly
reduced lung inflammation. A significant reduction
in cellular infiltration (10-fold) along with inflam-
matory cytokines monocyte chemotactic protein-1
(10-fold), interleukin-6 (5-fold) and regulated on
activation normal T cell expressed and secreted (5-
fold) was observed in the animals treated with the
combination compared to oseltamivir alone. Lung
histopathology of mice treated with combinations
revealed significantly reduced consolidation, infil-
tration and alveolitis compared to oseltamivir alone.
Rolipram and sertraline reduced HINI virus-in-
duced lung inflammation and mortality. These data
support further development of immunomodulato-
ry agents for severe influenza.

Combination of neuraminidase inhibitor
oseltamivir with low molecular antioxidants
The combined therapy of influenza is a ques-
tion of particular interest. Garozzo et al. (2007)
achieved up to 100% survival rate in mice infected
with influenza virus and treated with combination
of N-acetylcysteine (NAC) as a precursor of glu-
tathione in a dose of 1000 mg/kg and oseltamivir in
a dose of 1 mg/kg. The glutathione system is espe-
cially important for cellular defense against ROS.
GSH reacts directly with radicals in non-enzymatic
reactions and is the electron donor in the reduction
of peroxides catalyzed by glutathione peroxidase
(GPx) (Dringen et al., 2000). Glutathione serves
as the major scavenger of reactive oxygen species.
Certain lymphocyte functions, such as the DNA
synthetic response, are exquisitely sensitive to re-
active oxygen species and, therefore, are favored by
relatively high levels of glutathione. Even a moder-
ate depletion of the intracellular glutathione pool
has dramatic consequences for a variety of lympho-
cyte functions (Droge and Breitkreutz, 2000).
According to Dimitrova et al. (2016), in an
experimental mice model of influenza type H3N2,
the virus infection with 10 LD50 causes 70% le-
thality. The monotherapy with oseltamivir in a dose
of 2.5 mg/kg increases the survival rate from 30 to

70%. The monotherapy with S-adenosyl-L-methio-
nine (SAM) in a dose of 50 mg/kg and 100 mg/
kg does not increase the survival rate. It is a mat-
ter of interest that the combined therapy - SAM in
both doses applied intraperitoneally combined with
oseltamivir in a dose of 2.5 mg/kg daily in two
intakes applied orally achieve 90% survival rate
in mice infected with influenza virus. This work
demonstrates the advantage of combining agents
acting through different mechanisms — the antivi-
ral drug oseltamivir and SAM as a precursor of the
main antioxidant - glutathione.

The present study showed the positive effect
of combining oseltamivir as a specific neurami-
nidase inhibitor of the influenza virus replication
with S-adenosyl-L-methionine as a precursor of
glutathione - the most abundant antioxidant in the
body. The good results of the combination could
be explained by the modulation of the host defense
mechanisms and by the direct antioxidant effect of
increased glutathione against oxidative stress asso-
ciated with influenza infection.

These findings suggest that therapy with
molecules converted into antioxidants in the body
increases survival by modulating the host defense
mechanisms and by a direct antioxidant effect
against oxidative stress associated with viral in-
fections. Those studies demonstrated the effective-
ness of combining agents that act through different
mechanisms - antiviral drug oseltamivir as specif-
ic neuraminidase inhibitor of influenza virus, and
SAM and NAC as precursors of the most important
antioxidant - glutathione.

To target the main processes involved in in-
fluenza pathogenesis, Galabov ef al. (2016) studied
the effects of oseltamivir and a-tocopherol combi-
nations against influenza A/Aichi/2/68(H3N2) vi-
rus infection in mice. Oseltamivir was applied oral-
ly at three daily doses, 2.5, 1.25, and 0.625 mg/kg,
in 5-day course post-infection. a-Tocopherol (120
mg/kg) was administered intraperitoneally. The
results demonstrated pronounced dose-depend-
ent synergistic antiviral effect of the combination
a-tocopherol/0.625 mg/kg oseltamivir when a-to-
copherol was administered simultaneously with
oseltamivir: a 78% protection effect and length-
ening of mean survival time by 3.2—4 days. Lung
parameters showed a substantial decrease in infec-
tious virus content (Alogs=3.8/4.1) and a marked
diminishment of lung index and pathology. The
combination with 1.25 mg/kg oseltamivir mani-
fested a marked protection, but less effect on lung
parameters. The combination a-tocopherol /2.5 mg/



kg oseltamivir did not surpass the monotherapeutic
effect of oseltamivir. When a-tocopherol was ap-
plied 5 or 2 days before infection, its combination
with oseltamivir was ineffective.

Finally, oxidative stress and stress-mediated
complications of influenza viral infection success-
fully respond to antioxidants or their precursors, in-
cluding in monotherapy. However, it should be kept
in mind that antioxidants are not antivirals, their
function is more auxiliary, particularly in combi-
nation therapy with specific inhibitors of influenza
infection.
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Abstract

The availability of analytical approaches allowing fast deciphering of nucleotide sequences enables
phylogenetic analysis of viruses and establishing homology among their strains/isolates for unveiling the
history of virus evolution.

This work was focused on phylogenetic analysis of the most important viruses infecting vegetable
crops in Ukraine. ‘Field’ isolates of different plant RNA viruses were collected and analyzed from various
agroecosystems. These included Potato virus Y (PVY), Cucumber mosaic virus (CMV), Watermelon mo-
saic virus 2 (WMV-2), Tomato mosaic virus (ToMV), Pepper mild mottle virus (PMMoV). Using MEGA6
software, phylogenetic trees were constructed, based on sequenced viral cDNAs corresponding to parts of
the coat protein genes of the studied pathogens. Differing evolutionary trajectories were shown for some
of the Ukrainian virus isolates.

The study of the molecular properties of viruses, and especially those of viral genomes, has funda-
mental importance (tracing phylogenetic relationships of a given virus with other members of the kingdom,
its evolutionary history and trends), and is also of practical significance, as such data may further be used
both for developing highly specific PCR-based diagnostic techniques as well as for forecasting possible
alterations and novel properties of circulating viruses for prevention of disease spread and minimizing the
aggressiveness of viruses.

Key words: ToMV, PMMoV, CMV, PVY, WMV?2, coat protein gene, phylogenetic analysis

Pesrome

Bw3mokHOCTTa 32 OBbP30 pazunTaHe Ha HYKICOTHIHUTE ITOCIIEJOBATETHOCTH TI03BOJISABA (PHIIOTCHETHYCH
aHaJIN3 Ha BUPYCHUTE U YCTAHOBSIBAHE Ha XOMOJIO)KHOCT MEXK/Ty TEXHHTE IIIAMOBE U M30JIaTH C LIeNT pa3KpHUBaHE
Ha BUpYycHarta eBomonus. JleiHocTTa B mpeacTaBeHus Marepual € GoKycupaHa KbM (UIOT€HETUYHUS aHAIIN3
Ha BaKHU BUPYCH, 3apa3siBalllil OBOIHH, 3€JICHUYKOBH U KUTHH KyITypH. M3cieaBanu ca u301ati Ha BUPYCH,
ceappxanm PHK, xouto ca chOpanu B pa3nuyHu arpoekocucreMu. M3omarure ca Ha NPUYMHUTEINTE HA!
3eJIeHaTa KpacTaBU4yHa Mo3aiika (cucumber green mottle mosaic virus - CGMMYV), cnuBoBara mapka (plum
pox virus - PPV), uncunon Bupo3ara o kaptoda (potato virus — Y, PVY), X-Bupo3zara o kaproda (potato virus
X, PVX), sOobpnkoBara mo3aiika (apple mosaic virus - ApMV), ss0bsikoBUTE CTHONMEHN BATHOHATHHU (apple stem
pitting), 10BIKOBOTO CTHONEHO HaOpa3asaBaHe (apple stem grooving virus), SOBIKOBUTE XJIOPOTHYHH JIUCTHU
nietHa (apple chlorotic leaf spot virus - ACLSV), kpacraBuunara mo3aiika (cucumber mosaic virus - CMV),
JTUHEeHaTa Mo3aiika — 2 (watermelon mosaic virus — 2, WMV - 2), )xbiTaTa Mo3aiikara 1o THKBUIKUTE - 3yYHHH
(zucchini yellow mosaic virus - ZYMV), nomareHara Mo3aiika (tomato mosaic virus - ToMV), nunepoBoto
yMepeHo nporapsane (paper mild mottle virus - PepMMV) u menndenoto BmkymkaBaHe (wheat dwarf
virus - WDV).

Upez MEGAS codtyep ca chcraBeHH (UIOTCHETHYHUTE IhpBETA HAa OCHOBAaTAa Ha CEKBEHUpPAHHU
k/IHK-u xbM yacTu Ha Komupamure OOBMBHHS IPOTEMH I'€HM Ha M3y4yaBaHuTe naroreHu. [locouenu ca
Pa3IMYHU EBONIOIMOHHN TPACKTOPUH 32 HAKOM YKPauHCKU BUPYCHHU u3onatu. [IpoyuBaHeTo Ha BUpYCHTE Ha
MOJIEKYITHO HUBO U TIO-CIIEIMATHO Ha BUPYCHUTE T€HOMH (TIPOCIIEASBAHETO HAa POACTBOTO HA JaJICH BUPYC C
JPYTH MPEICTaBUTENN Ha BUPYCHOTO IIAPCTBO, HETOBaTa €BOJIIOIIMOHHA MCTOPHUS M HACOKA HA Pa3BUTHE) UMa
U TIpaKTUYECKO 3HaueHue. Hampumep 3a nuarHoctukara Morar aa ob1ar pa3BuTu Bucokocnermpuaan PCR—
6a3zupanu TexHukH. ChIIO Taka MOTar Ja ObJIar MpeAcKa3aHyu U3MEHEHHSI 1 HOBH CBOMCTBA B IIUPKYIHPAIIIITE
BUPYCH, 32 Ja ObJie IPEIOTBPATCHO PA3IIPOCTPAHSBAHETO HA OOJIECTUTE U HaAMAJISIBAaHE HA arpeCMBHOCTTA Ha
BUPYCHUTE.
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Introduction

During recent years, plant virologists have
witnessed an increased interest in the advance of
knowledge at the level of population and similar
ecology-oriented research. This trend is common
for many traditional molecular biology studies.
The development of a new generation of diagnos-
tic methods for plant viruses (such as ELISA, RIA,
RIPA, PCR, RT-PCR, etc.) during the last decade
enabled a new level of studying the spread of plant
viruses in the environment.

The relevance of this question lies in both
its fundamental and practical significance. The de-
termination of virus spread, mechanisms of virus
transmission, natural range of host plants, and re-
search on virus response to environmental changes
makes it possible not only to more fully character-
ize a given representative of the Vira kingdom, but
also to predict the emergence and development of
viral diseases for developing sound strategies of
combating viral infections. This includes search for
resistant varieties, control of virus reservoirs and
carriers, obtaining virus-free planting material, etc.

In Ukraine, major vegetable crops (such as
tomato, cucumber, sweet pepper, pumpkin, squash,
etc.) are mainly suffering from viral infections in-
duced by Potato virus Y (PVY), Cucumber mosaic
virus (CMV), Watermelon mosaic virus 2 (WM V-
2), Tomato mosaic virus (ToMV), Pepper mild mot-
tle virus (PMMoV), and these viruses were studied
in the context of spread, relevance, biological and
molecular properties, as well as phylogenetic rela-
tionships.

At present, TOMV is widespread in Ukraine
and remains the point of interest due to the harm it
causes to crops, particularly tomato and some other
plants of the Solanaceae family (Silva et al., 2011;
Virus taxonomy, 2012). Until now, there has been
no data on the phylogeny of ToMV isolates circu-
lating in Ukraine.

The same is true for PVY and CMV infecting
a wide range of cultivated and wild growing plants,
both in open field and glasshouse conditions. Pre-
viously, CMV isolate of subgroup II was detected
in infected pumpkin plants from Ukraine (Zitikaité
et al., 2011). Subgroup attribution has been estab-
lished based on the RT-PCR product size. However,
sequences of these isolates have not been obtained
and their comparison with other known strains
and isolates has not been performed. In the current
work, we also proceeded with strain attribution of
Ukrainian isolates of CMV based on phylogenetic
analysis of the partial sequences of the coat protein
gene.

In Ukraine, WMV-2 has earlier been found
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on plants (mostly marrow, pumpkin, zucchini, mel-
on and cucumber) cultivated in open field condi-
tions only. In addition to monoinfection, Water-
melon mosaic virus 2 often circulates in mixed
infections, typically induced by Cucumber mo-
saic virus (CMV), Zucchini yellow mosaic virus
(ZYMV) and Cucumber aphid-born yellows vi-
rus (CABYYV). Our previous results indicated that
WMV-2 circulation in Ukraine showed some sort
of cyclicity and irregularity. As Watermelon mosaic
virus 2 is spread worldwide, it is of importance to
analyze the homology of its Ukrainian isolates with
reported WMV-2 isolates and strains, and to eluci-
date the possible ways of appearance of the Ukrain-
ian isolates.

Pepper mild mottle virus (PMMoV) has only
been discovered in Ukraine three years ago and
was probably introduced with plant/seed materi-
al. Therefore, its phylogenetic properties have re-
mained unknown but are highly relevant due to the
epidemiological significance of the pathogen.

Considering all these issues, in the present
study we focused on the phylogenetic analysis
of the most important viruses infecting vegetable
crops in Ukraine, which have still remained unex-
plored in evolutionary terms.

Materials and Methods

Plant samples were collected from differ-
ent regions of Ukraine. The symptomatic samples
were screened for the presence of viral antigens.
Double-antibody sandwich enzyme-linked immu-
nosorbent assay (DAS-ELISA) was conducted us-
ing commercial test systems of Loewe (Germany).
Plant material was homogenized in 0.IM phos-
phate buffered saline (PBS), pH 7.4, 1:2 (m/v).
Plant components were removed by centrifugation
at 5.000 g for 20 minutes at +4°C using centrifuge
PC-6. The supernatant was used for further ELI-
SA. DAS-ELISA was performed according to the
manufacturer’s recommendations. The results were
checked at the wavelength of 405/630 nm using
Termo Labsystems Opsis MR microplate reader
(USA) with Dynex Revelation Quicklink software
(Crowther, 1995).

Total RNA was extracted from naturally in-
fected plant samples using RNeasy Plant Mini kit
(Qiagen, UK). The results were confirmed by elec-
trophoresis of nucleic acids in 1.5% agarose gel.

For CMV, a two-step reverse transcription
reaction (RT-PCR) was accomplished using two
specific primers complementary to the coat protein
gene and producing the amplicon with expected



size of 500 bp (Bariana ef al., 1994):

forward primer —

5’ TATGATAAGAAGCTTGTTTCGCGCA-3';
reverse primer —

5’ TTTTAGCCGTAAGCTGGATGGACAACCC-3".

For ToMYV, specific primers covering the coat
protein (CP) gene were used (product size — 700bp)
(Letschert et al., 2002):
forward primer —

5’ CGGAAGGCCTAAACCAAAAAG-3’;
Tob-Unil primer —
5’ ATTTAAGTGGAGGGAAAAACACT-3".

For PMMoV, we used primers specific to a
part of the coat protein gene (product size of 387
bp) (Jarret et al., 2008):
forward primer -

5’ TAC TTC GGC GTT AGG CAATC-3",
reverse primer —
5’ GGA GTT GTA GCC CAG GTG AG-3".

PVY-specific primers covering the coat pro-
tein (CP) gene were used (product size — 569 bp)
(Budzanivska et al., 2014):

(As) 5’- CAAACCATAAGCCCATTCATC-3’
(S) 5°’- GCACCA AATCAG GAGATT CTACT-3".

For WMV2, primers specific to the CP gene of
genomic RNA of French strain of WMV?2 (Zohren,
2011) were used (product size — 825bp):
forward primer —
5'"GAATCAGTGTCTCTGCAATCAGG-3";
reverse primer —
5’ATTCACGTCCCTTGCAGTGTG-3".

Purified amplicons were sequenced using Ap-
plied Biosystems 3730x1 DNA Analyzer with Big
Dye terminators, version 3.1 (Applied Biosystems,
USA).

The aligned sequences of the parts of the coat
protein gene of the respective virus isolates were
compared with published sequences of virus strains
available in the GenBank database using NCBI/
BLAST (http://www.ncbi.nlm.nih.gov/). The phy-
logenetic analysis was conducted using MEGA 5
(Tamura et al., 2011). The phylogenetic trees were
constructed using the Neighborhood Joining and
Maximum Likelihood methods (Kimura, 1980;
Felsenstein, 1982).

Results and Discussions
ToMV

Comparison of 480bp-length CP sequenc-
es using NCBI/BLAST (http://www.ncbi.nlm.nih.
gov) showed that the obtained isolate (ToM V-ukr3)
shares the highest identity with the group of tobam-
oviruses mainly infecting solanaceous plants (To-
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mato mosaic virus, Tobacco mosaic virus (TMV),
Tomato mottle mosaic virus (ToMMV), Pepper
mild mottle virus (PMMoV)). The criteria for 7o-
bamovirus species differentiation determine that
less than 90% nucleotide sequence identity is con-
sidered a new species (Virus taxonomy, 2012). The
Ukrainian isolate showed minor differences and
revealed 96-99% nucleotide identity with different
ToMV strains, whereas ToMV-ukr3 shared much
less identity with TMV (74-79%), PMMoV (71-
73%), and TOMMYV (85%). These results confirmed
the attribution of the obtained isolate to ToM V.

A phylogenetic tree was built using Maxi-
mum Likelihood method Mega 6 software (Fig. 1).

On the ML tree, the Ukrainian isolate and all
strains under study excepting strain ToMV-A356
were clustered together. They shared a common
ancestor and close phylogenetic relationships. High
homology percentage values were determined be-
tween these sequences: 98-99%. The Ukrainian
isolate grouped with strains ToMV-1-2, ToMV-G26
and ToMV-G6, homology values with them were
approximately 99% at nucleotide level. Strain
ToMV-A356 represents the lowest homology per-
centage (96%) with ToMV-ukr3. Tobamoviruses
demonstrate strong correlation with their angio-
sperm hosts (Stobbe et al., 2012) supporting the
suggestion that this low rate of homology could be
explained by the fact that strain TOMV-A356 was
extracted from Centaurea sp., member of the As-
teraceae family.

PMMV

Until today, 13 strains of Pepper mild mottle
virus, a novel and emerging pathogen in Ukraine,
have been found to infect different hosts in various
countries (Li ef al., 2013). Here, we phylogenet-
ically analyzed two isolates of PMMoV found in
sweet pepper and tomato based on their CP gene
sequence. We obtained cDNA of expected size of
387 bp, which was further used for sequencing and
construction of a phylogenetic tree (Fig. 2). The
phylogenetic tree was constructed using the Neigh-
bor-Joining method.

Obviously, the Ukrainian isolates of PMMoV
collected from sweet pepper and tomato belong to
the cluster composed of viruses found in Spain and
Japan. Both Ukrainian isolates of PMMoV were
highly homologous to each other (>99%) and thus
belonged to the same strain.

CMV

A phylogenetic tree was constructed using
aligned nucleotide sequences of the CP gene of
various CMV strains isolated from different coun-
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Fig. 1. Phylogenetic tree based on entire coat protein gene sequence of selected ToMV strains and
Ukrainian isolate
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Fig. 2. Phylogenetic tree (NJ) showing evolutionary relations of Ukrainian isolate of PMMoV with pub-
lished virus sequences (based on the coat protein gene)
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tries and Ukrainian isolates. Phylogenetic analysis
indicated three distinct clusters corresponding to
subgroups IA, IB and II (Fig. 3).

CMV strains belonging to subgroup II formed
a different cluster on the phylogenetic tree, well
separated from the members of subgroup 1. Within
subgroup I, Ukrainian CMV isolates showed close
phylogenetic relationships rather with the members
of subgroup IB than IA, which formed a separate
cluster.

Ukrainian isolates shared 79-99% nucleotide
homology with the strains reported from all over
the world (Table 1). According to literature data,

members of the same group share more than 90%
homology. The homology between strains from
I and II subgroups was approximately 69-77%
(Palukaitis and Garcia-Arenal, 2003). The nucleo-
tide sequences shared 92-94% similarity among [A
and IB subgroup strains (Kumari et al., 2013). The
Ukrainian isolates were phylogenetically most re-
lated to each other and to the members of subgroup
IB (>90% nucleotide homology). However, they
were distinct from the subgroup IA and subgroup
IT strains. The members of subgroup II showed the
lowest nucleotide homology (79-82%) with the
studied Ukrainian isolates of CMV.

B2

a2 — bananalsrael)

G10(Greece)
100 |— G2 (Greeca)

K {USA)

s FD (China)
ABI (Korea)

Ukr-3q13 (Ukraine)
LIkr-tom2 (Ukraine)
R {France)
LS (USA)
Hnt({China)

5 (USA)
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H7F (France)

Twa (Ausiraha)

237 (Ausltralia)

V (South Korea)
Z (South Korea)

subgraup 1A

N {Japan)
Wir (France)

subgroup |1B

subgraup Il

TN (Japan)
ALS (Metherlands)

Fig. 3. Phylogenetic tree based on partial coat protein gene sequence of selected strains and Ukrainian
isolates of CMV. Bootstrap values are shown above branches

The phylogenetic analysis of partial sequenc-
es of the CP gene of Ukrainian isolates of CMV
revealed their highest homology and close relation-
ships with strains ABI and SD from Korea and Chi-
na. They shared approximately 98-99% homology.
The infrequent amino acid substitutions revealed
the high similarity in this gene region. The protein
sequence of ABI strain is different from those of
Ukr-sq13, Ukr-tom2, and SD, and has two amino
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acid substitutions (YA — IT corresponding to 601,
602 positions). Sequence comparison of Ukranian
isolates showed their high similarity. Nucleotide
analysis confirmed two synonymous nucleotide
substitutions in positions 1612 (T (Ukr-sql13) — C
(Ukr-tom2)) and 1946 (G (Ukr-sql3) — A (Ukr-
tom2)). However, we were unable to identify any
amino acid substitutions when comparing two
Ukrainian isolates of CMV. Based on the obtained
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Fig. 4. Phylogenetic tree based on coat protein gene sequence of selected strains and Ukrainian isolates of
WMV-2 (Maximum Likelihood, Jukes-Cantor model, 1000 bootstrap replications). Bootstrap values are
shown above branches

Sequence 21 PVY Ukraine

Potato virus Y gi325053317 Syria

66 L Potato virus Y gi192763859 N:0 Iran

Potato virus Y gi347514591 N Wi Poland

Potato virus Y gi336318904 N:O USA

Potato virus Y strain O gi90968473 Germany
Potato virus Y gi307094821 Straine NW Franse

Potato virus Y strain Wilga gi90968475 Germany

Potato virus Y gi336318948 O USA

68 L—— Potato virus Y ¢i336318902 O USA

il

39

Potato virus Y gi12005812 O Brazil

% Potato virus Y gi2808577 O Switzerland

2;L Potato virus Y ¢i2808576 O Switzerland
38 Potato virus Y gi31338457 United Kingdom
Potato virus Y gi156766622 China

0.005

Fig. 5. Evolutionary relationships of the Ukrainian PVY isolates with PVY isolates/strains deposited in the
GenBank (NCBI, USA). Evolutionary history has been reconstructed, using Neighbour Joining method
(Saitou and Nei, 1987) for nucleotide sequence of the coat protein gene. Evolutionary distances were

calculated using p-distance method (Tamura et al., 2011) for 1000 bootstrap replications (number of base
changes per site)
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Fig. 6. Molecular phylogenetic analysis of nucleotide sequences of the PVY coat protein gene using

Maximum Likelihood method (Felsenstein, 1982).

results, these Ukrainian isolates of CMV were iden-
tified as belonging to the subgroup IB. Sequence
data have been submitted to NCBI, accession num-
bers KJ921838 and KJ921837 for Ukr-tom2 and
Ukr-sq13 isolates, respectively.

WMV?2

After sequencing the cDNAs of Ukrainian
WMV-2 isolates, the achieved nucleotide sequences
(designated WMV 2-2g-Ukr and WMV 2-2k-Ukr)
were compared both among themselves and with
other known strains and isolates of WMV-2.

A phylogenetic tree was built using Max-
imum Likelithood method Mega 6 software and
Jukes-Cantor model (Fig. 4). The sequences were
grouped into three separate clusters.

Evidently, Ukrainian isolates WMV2-3ch—
Ukr, WMV2—-4ch—Ukr, 2G, and 4K were grouped
in a single cluster with a homology of 97.8-98.9%,
confirming low level of variability of Ukrainian
isolates of Watermelon mosaic virus 2. The Israeli
strain ‘Israel’ and the French strain WMV-Fr be-
longed to the same cluster and showed a high level
of homology (96.6-97.8%) with the Ukranian iso-
lates.

The other two clusters contained WMV
strains from Pakistan and the Pacific Ocean region
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(87.6-92.1% homology to Ukrainian isolates), and
from USA, Japan, China and South Korea (89,9-
93,3% homology with the Ukrainian isolates).

Therefore, the Ukrainian population of the
virus is highly homologous and Ukrainian isolates
are related to strains from France and Israel, which
may well reflect their origin. Thus, WMV-2 may
have been brought to Ukraine from the Mediterra-
nean or Middle East regions.

PVY

RT-PCR yielded cDNA corresponding to the
part of the CP gene of Ukrainian isolate of PVY.
This cDNA was further sequenced and compared
with known sequences of PVY isolates and strains
published in the GenBank (with some of them more
than 600 of such sequences are available).

These relationships are even more obvious
when analyzed using phylogenetic trees construct-
ed for nucleotide sequences of the CP employing
NJ method (Fig. 5).

Interestingly, both nucleotide sequence- and
amino acid sequence-based phylogenetic trees for
PVY CP demonstrate higly similar (though not
100% identical) position of the Ukrainian isolate in
relation to others. In both cases we can see a sepa-
rate cluster, including recombinant isolates (strains)



from Syria and Iran; at the same time, PVY USA
N:O and Poland N-Wi strains form another closely
related small cluster.

To make a conclusion on the evolutionary
history of these isolates, an ML approach was used
on the basis of Tamura-Nei model. A tree with high
logarithm of likelihood was constructed for 1000
bootstrap replications. Branch length corresponds
to the number of changes per site.

As shown on Fig. 6, the phylogenetic tree
constructed using ML method underlines that the
main tendencies remain the same. It can be con-
cluded that the Ukrainian PVY isolates and PVY
isolates from Syria and Iran descended from a sin-
gle ancestor.

The diffuculties with interpretation of the ob-
tained results for Ukrainian PVY isolates had not
been anticipated and thus were rather unexpected.
A state-of-the-art study (2006-2013) and previous
(1992-2005) literature sources confirm the absence
of unanimous opinion among authors regarding
the unified nomenclature for strains and isolates
of PVY (in particular, those found in potato). The
comparison of phylogenetic trees published by dif-
ferent researchers is not an easy task as (most often)
different ‘source’ virus sequences (both nucleotide
and amino acid) have been used for analysis. Ap-
parently, the recombination among the PVY ge-
nomes may lead to the development of novel vari-
ants of the virus, which may have differing pheno-
type (without any significant correlation with the
coding sequences). In turn, phenotypic appearances
will depend on the specific species and cultivar of
the virus-infected plant.

As far as our work has not been aimed at stud-
ying phenotypic variations of Ukrainian isolates of
PVY, our conclusions are based exclusively on the
comparative analysis of nucleotide sequences in
the virus genome (the coat protein gene of PVY).
Phylogenetic relationships based on the CP gene of
PVY and explored using the ML method may be
used as an indirect index of relationships for full-
size genomes of potyviruses (Roossinck, 1997) and
for establishing species of viruses for which only
CP gene sequences are available.

Our conclusions regarding close relation-
ships between the Ukrainian PVY isolate and iso-
lates from Syria and Iran, and about their putative
common origin is strongly supported by the fact
that these isolates are closely positioned in the other
phylogenetic trees (PVY_Siria, PVY Iran, PVY
China 2011). Following this lead and according to
Chikh-Ali et al. (2007), it is viable to suggest that
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the Ukrainian isolate of PVY belongs to the strain
group O, subclade N:O (using another isolate clas-
sification proposed by Saitou and Nei, 1987) — to
the subclade O N-Wilga N:O.

Conclusion

From the current work it can be inferred that
the Ukrainian isolate of ToMV is not an emer-
gent strain able to break the resistance in plants
(Yamamoto et al.,, 2002). Thus, known strategies
for control of tomato diseases caused by ToMV may
be applied. Phylogenetic analysis of cDNA corre-
sponding to the CP gene of PMMoV indicates that
it belongs to clusters composed of viruses found in
Spain and Japan.

Despite the supposed high rate of CMV evo-
lution and adaptation (Roossinck, 2002), phyloge-
netic analysis of two Ukrainian isolates of CMV
reveals that their homology exceeds 95%, i.e. that
these isolates belong to the same strain. In our opin-
ion, it is of special interest as these isolates have
been found in totally different host plants, tomato
and squash, which belong to distant families.

Another important phylogenetic finding is
that Ukrainian isolates of CMV are attributed to the
subgroup IB of CMV strains. The Ukrainian iso-
lates are mostly related to strains ABI and SD from
Korea and China, respectively. Initially, the mem-
bers of subgroup IB were found in (and thought to
be restricted to) East Asia. Later on, subgroup IB
strains of CMV were shown as widespread in Iran
(Arafati, et al.,2013), although subgroup IA iso-
lates were also detected (Nematollahi et al., 2012).
The occurrence of subgroup IB isolates of CMV
suggests that they may have been introduced in
Ukraine either by seed material or through exported
fresh food products. In addition, we cannot reject
the possibility of virus ‘naturally migrating’ from
Iran (or other neighboring regions) into Ukraine as
transported by aphids or birds.

Strangely, we have not found subgroup IA
isolates of CMV in Ukraine. These are more vir-
ulent strains and isolates, which are considered to
be common worldwide, including Europe. Accord-
ing to previous research data (Zitikaité ez al., 2011)
and our findings, the CMV population consists of
isolates of II and IB subgroups in Ukraine. Hav-
ing registered severe symptoms on collected plants,
we expected that they were induced by a virulent
‘form’ of the virus. Surprisingly, both isolates fall
into subgroup IB strains of CMV. In the view of
aforesaid, we deem that the obtained results rather
reflect the lack of CMV monitoring in Ukraine than



reveal atypical virus spread in the region. The data
also indicate that the severity of the virus-specific
symptoms in field conditions may not be directly
related to the degree of virulence of a given virus
isolate, requiring more research of CMV biology,
epidemiology and evolution.

Phylogenetic analysis of WMV-2 based on its
CP gene indicates that the Ukrainian population of
the virus is highly homologous and that Ukrainian
isolates are related to strains from France and Israel,
which may well reflect their origin. Thus, WMV-2
may have been brought to Ukraine from Mediterra-
nean or Middle East regions (or vice versa).

Phylogenetic analysis of nucleotide sequence
of the CP gene of the Ukrainian PVY isolate
demonstrates that it is a recombinant virus capable
of phenotypic appearances typical of both ordinary
(O) strain and necrotic (N) strain, depending on the
specific conditions of a plant virus infection devel-
opment. The Ukrainian isolate of PVY has a sig-
nificant mutational (recombinational) potential and
in the future may therefore change its biological
properties (in terms of the host range, for instance).
This information may be of use for potato breeders
as employment of wild potato varieties and its rela-
tives in selection programs may induce unexpected
‘response’ of different PVY strains in new cultivars.

The established trend of low genetic variabil-
ity of viruses, despite the high mutational ability
of RNA viruses, indicates the impact of negative
selection to maintain the stability of viral nucleo-
tide sequences. Analysis of the phylogenetic trees
topology shows the direction of isolation and low
probability for the formation of a Ukrainian strain
with new properties. Our data have shown high ge-
netic conservatism for most populations of plant
viruses that favors the modern hypothesis of evolu-
tion for plant RNA viruses. A high relationship lev-
el between all Ukrainian isolates has been revealed,
indicating their high homogeny.
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Studies on Malignant Catarrhal Fever in Wild Ruminants
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Abstract

Wild and domestic animals inhabiting Sofia and Varna zoos showing clinical symptoms of malignant
catarrhal fever (MCF) were investigated. Clinical and pathological studies were carried out with 16 wild
and 8 domestic ruminants. Typical clinical symptoms for MCF were confirmed. Samples for virus isolation
and molecular biological investigations were obtained from dead animals. Ten percent suspensions from
the lymph nodes, spleens, lungs, brain samples, and buffy coats in phosphate buffered saline (PBS) were
used for viral isolation. Primary and permanent cell cultures: rabbit kidney, Madin Darby bovine kidney
(MDBK), embryonic bovine trachea (EBTR). Bovine trachea (TTr) and VERO cells were used. Viruses
with peculiarities of herpesviruses were isolated from bison , yak, camel, Cameroon goats and hippopot-
amus on MDBK cell culture. The isolated strains were confirmed as MCF viruses by classical and nested
polymerase chain reaction (PCR). The size of the amplicons after classical PCR was 422 bp, and 238 bp
after nested PCR.

Thirty seven serum samples originated from 17 sheep, 13 Cameroon goats, 5 mouflons and two bison
were investigated serologically by a competitive-inhibition ELISA for spread of MCF. In 21.4% of sheep
sera, 30.7% of Cameroon goat sera, and 50% of bison sera antibodies against MCF were found. The total
distribution of MCF antibodies in wild and domestic ruminants was 27%.

Key words: Malignant catarrhal fever, wild ruminants, PCR, serological investigation, competitive inhibi-
tion ELISA

Pe3rome

W3cnensanu ca MuBU U TOMAIIHU KUBOTHU oOHTaBaiy 3oomnapkosere B Codus u Bapna u nokazanu
KJIMHUYHM TIPU3HALM HA 3710KayecTBeHa KarapanHa Tpecka (3KT). KinuuuyHu 1 naroinoroaHaTOMUYHH U3CIE-
BaHMs Ca U3BbpILEHU HA 16 nuBU U § 1OMAIIHU NpeXUBHU KUBOTHU. [loTBbpaenu ca tunuunure 3a 3KT
KIMHAYHUA cuMOTOMU. OT yMpenuTe )KUBOTHH €a MOTy4YeHU MPoOu 3a BUPYCHA H30JIALHSI M MOJIEKYJISIPHO OHO-
JIOTWYHY U3cTeBaHus. 3a BUpyCHa n3omanus ca uinonssanu 10% cycrnensun ot auM(GHH Bb3IIH, CIE3KH, Oenn
IpoOoOBe, MO3BYHH MPOOH M ChCUpPEeHa KPBB BBB (pocdarro Oydepen paszrsop (PBS). 3a BupycHa m3omanms
ca M3MOJI3BAaHU ITBPBUYHU M TTOCTOSIHHM KieThuHU KynTypH (KK) - 3aemku 660pek (3b), Maguna lapou ro-
Bexxu 660pex (MIBK), emOpronanna 6oBunna Tpaxest (EBTP) u 6p0penu ot 3eneHa adpprukaHcka MaiiMyHa
(VERO) xiietkn. Bupycu ¢ XxapakTepuCTUKH Ha XEpIECBUPYCH €a M30JIMPaHU OT OM30H, rayp, sK, Kamuia,
KaMmepyHcka ko3a, xunornoram Bepxy KK M/IBK. M3onupanuTte mamMoBe ca NoTBbpJeHU Kato Bupycu Ha 3KT
ype3 KJIacu4yecka U Hecte/ nonuMepasHo BepuxkHa peakuus (PCR). Ammmukonute cien kinacuyeckara PCR
0sixa ¢ roemuHa 422 bp, a cnen Hecten PCR ¢ ronemuna 238 bp. 3a yctaHoBsIBaHE Ha pa3npOCTPAHEHUETO HA
3KT upe3 kommnietutuBHa naxudupaia ELISA ca nzcneasanu ceponorudyno 37 cepymuu npodu ot 17 osie, 13
KaMEpyHCKH Ko3H, 5 MyQroHa u 18a 6u3onHa. B 21,4% ot oBuure cepymu, 30,7% ot kamepyHckute ko3u 1 50%
oT Ou3oHHTE OsXa yCTAaHOBEHHW aHTUTeNa cperry Bupyca Ha 3KT. O6moTo pa3npocTpaHeHHe HA aHTUTETaTa
cpemty Bupyca Ha 3KT npu nscnenBanuTe >kuBoTHU Oettie 27%.
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Introduction

Malignant catarrhal fever (MCF) is a fatal
virus disease in wild and domestic animals. The
disease has been observed in different captive ru-
minants in zoological collections. In some species,
such as bison and some deer, MCF is acute and high-
ly lethal, capable of affecting large numbers of ani-
mals. In farm-reared white tiled deer and American
bison, the disease is a major threat and causes high
economical losses. The etiological agent of MCF
belongs to subfamily Gammaherpesvirinae, genus
Macavirus from Herpesviridae family. Five gamma
herpesviruses associated with MCF are ascribed to
the genus Rhadinovirus - Alcelaphine herpesvirus-1
(AIHV-1) (Plowright ef al., 1960; Roizman, 1992),
Alcelaphine herpesvirus-2 (AIHV-2) (Klieforth et
al., 2002), Ovine herpesvirus-2 (OvHV-2) (Li et al.,
1995; 1996; 1999; Muller Doblies et al., 1998; Col-
lins et al., 2000), Caprine herpesvirus-2 (CpHV-2)
(Crawford et al., 2002; Keel et al., 2003; Li et al.,
2001, 2003) and one virus, yet unnamed, causing
MCF in white-tailed deer (MCFV-WTD) (Li et al.,
2000).

Two forms of MCF are known: African or
wildebeest associated MCF (WD-MCF), and Eu-
ropean or sheep associated MCF (SA-MCF). The
carriers of MCF viruses in Africa are wildebeest
(AIHV-1), in Europe are sheep (OvHV-2), and goats
(CpHV-2). With accumulation of data on genomic
peculiarities of different MCF agents, it has been
determined that the viruses causing bothforms of
MCEF are closely related, however, they are differ-
ent viruses (Bridgen ef al., 1989; Reid, 1991; Ens-
ser et al., 1997; Coulter et al., 2001). In ruminants
inhabiting zoos, the MCF virus spreads from the
wildebeest or sheep to susceptible animals. Wil-
debeest calves are infected by intrauterine trans-
mission from the female or shortly after birth by
horizontal transmission of the virus and spread the
MCEF infection for a period of 3-4 months. The way
of infection of new born lambs is not fully clarified.
Lambs are infected within 3-6 months of birth by
aerosol transmission from older sheep and shed the
virus until 9 months of age. The epizootology of
caprine herpesvirus 2 is similar to OvHV-2. In Eu-
ropean breeds of cattle (Bos taurus), the MCF dis-
ease is seen sporadically and is highly fatal. In other
species, bison, Bali cattle, and cervid species (eg,
white-tailed and Pere David‘s deer), the disease is
highly contagious. Bison and deer are more suscep-
tible to the disease than cattle, and the virus can
remain in a latent form. Therefore, recrudescence
of the infection is possible. The MCF infection is
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lifelong in surviving animals.

In the autumn of 2014, clinical signs typical
of MCF in wild big and small ruminants with high
mortality rate were observed in Sofia and Varna
z00s. The aim of the study is to identify the cause
of the high mortality in wild animals and to charac-
terize the agents responsible for the mortality.

Material and methods

An epidemiological investigation was per-
formed in two zoos - Sofia and Varna. The time of
outbreaks of disease, the number and type of af-
fected wild animals, the duration of observed clin-
ical symptoms and the time of deaths after onset
of disease, the import of new animals in the zoo,
contacts between wild and domestic animals, the
type of rearing, type of foods and water supply and
performed veterinary measures as treatment against
bacterial and parasitic disease, disinfection, etc.
were investigated.

A clinical investigation was performed with
15 wild and 8 domestic animals - 2 yaks, 4 bison,
one camel, 3 gaurs, 2 capricorns, 2 Cameroon
goats and one hypopotamus. During the anamnes-
tic studies, changes in the animals’ general state,
clinical symptoms typical of the disease, temper-
ature, changes in the eyes, central nervous system,
respiratory tract, superficial and mesenteric lymph
nodes, skin and mucous membrane were examind.
The animals with clinical symptoms typical of MCF
were pathologically studied after death - one yak,
four bison, one gaur, two Cameroon goats and one
hypopotamus. The materials for histological inves-
tigation were conserved in 10% buffered formalin
and afterwards processed according to the methods
of Lillie (1965).

Virological samples from the spleen, lymph
nodes, lungs, liver, kidney, brain, and buffy coats
from diseased wild and domestic ruminants were
investigated. The samples were kept at 4°C till de-
livery in the laboratory and were preserved with
glycerin. The samples were squeezed and a 10% or-
gan suspension was prepared in phosphate buffered
saline (PBS) pH 7,2. Penicillin 200 UlI, Streptomy-
cin 200 pg/mL or Gentamycin 20pug/mL antibiot-
ics were added to the samples Afterwards the sam-
ples were centrifuged at 4000 rpm/15 min. Clear
supernatant was used for inoculation of primary
and permanent cell cultures. Primary rabbit kidney,
primary lamb testicle and permanent cell culture
Madin Darby bovine kidney (MDBK), embryonic
bovine trachea (EBTR), bovine trachea (BTr) and
green monkey kidney (VERO) were used for iso-



lation and identification of MCF viruses. Minimal
Essential Medium (MEM), with Hank’s, or Earle
salts, Penicillin 100 IU/mL, Streptomycin 100y/mL
antibiotics, L glutamine, 0.2 M/L, sodium bicarbo-
nate 7.5% for pH 7.4 of media and fetal calf serum
(FCS) 10% were added as growth mediums. The
maintenance medium was the same as the growth
medium, but with a lower amount of FCS — 2%.
The tubes with cell cultures were inoculated in three
ways: on cell suspension, on a 24-hour-monolayer,
or onto a fresh 3-4-hour-monolayer with dimethyl
sulfoxide at a concentration from 0.5 to 1%. The
tubes were placed for roller cultivation.

Titrations of isolated viruses were performed
by the methods of Reed and Muench (1938). The
biochemical investigation of isolates - type of nu-
cleic acids, presence of lipid envelope and sensi-
tivity to low and high pH was carried out using the
methods of Payment and Trudel, (1993). Paramyx-
ovirus parainfluenzae 3, strain Svetovrachene, was
used as a heterologous strain, which was treated in
the same manner as the virus isolates from wild ru-
minants.

The isolated viruses were confirmed as MCF
viruses after classical and nested polymerase chain
reaction (PCR) by the methods described by Li et
al. (1995). For determination of the MCF virus type
(AIHV 1 or OHV 2), PCR with primers multiplying
AIHV 1 was also used (Hsu et al., 1990).

Thirty seven serum samples from wild and
domestic zoo-inhabiting animals were investigat-
ed serologically. The investigation was performed
by a microvirus neutralization test as described by
Dilovski et al. (1982) against malignant catarrhal
fever virus isolated from gaur with virus titer 107
TCID, /mL. The same samples were investigated
by a competitive-inhibition ELISA by the methods
described by Li ef al. (1996).

Results

The epizootological investigation determined
that 12 big and small ruminants were affected. In
the same year, antelopes had been imported from a
Romanian zoo, and a camel from a private owner.
After six months one bison was found dead, and
as the disease continued another 11 animals died
within a period of two months. The bison and other
big ruminants inhabited a place which was in close
proximity with the premises inhabited by the ante-
lopes and domestic sheep. The big and small rumi-
nants were looked after by the same staff fed with
the same food. Special immune-preventive actions,
apart from deworming, were not carried out.
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Fig. 1. Changes in cornea (A), lungs (B), liver (C)
and hard muscle (D)



Fever, lack of appetite, spiking of hair, red-
ness of the conjunctiva, serous and later purulent
discharge from the nose, teeth grinding, ataxia,
bloody diarrhea, depressed condition, inability to
stand up, bedsores and subsequent death within 24-
48 h were found in bison and big ruminants (gaurs
and yak).

The pathology examination found mucopu-
rulent exudates in the nasal cavities and bilateral
graying of the cornea (Fig. 1 A). No damage to the
mucosa of the buccal papillae and palate was ob-
served in the oral cavity. Upon opening the trachea,
petechial and ecchymosis hemorrhages, enlarged
mediastinal lymph nodes were found. The lungs
were stained blue and were sealed (Fig. 1 B). The
liver was enlarged; the edges were rounded with a
yellowish to orange color (Fig. 1 C). The gall blad-
der in some cases was the size of a small child’s
head. Mesenteric lymph nodes were not enlarged.
The spleen was atrophic with necrosis, and upon re-
section there was no white pulp. On the epicardium
and at the base of the heart multiple petechial and
wider bleeding was visible, and the blood vessels
were strongly injected with blood (Fig. 1 D).

Multiple petechial and more extensive longi-
tudinal bleeding (Zebra stripes) was found in the
mesentery of the small intestine (Fig. 2 A), the most
severe in the first and middle sections of the small
intestine (Fig. 2 B). There was no bleeding in the
colon, and the intestinal content was of dark brown
color. The kidneys were of dark red color (Fig 2
C), the urinary bladder was with urine and injected
blood vessels. The rumen and abomasum did not
appear to have any visible changes, but resection
revealed reddened mucous membrane with a lot of
petechial hemorrhages.

The samples obtained from diseased and dead
animals were used to infect primary and permanent
cell cultures. The best condition for the MCF virus
growth was observed on the MDBK cell line after
more than 21 passages. The visible cytopathic ef-
fect initially was formed 6-7 days after inoculation.
The cytopathic effect was visible earlier with the
increase in the number of passages. At 24™ h af-
ter infection with the camel isolate, cell rounding
and grapelike cluster formations were visible, the
changes in the cell monolayer were augmented at
48" h and a large part of cells were detached in the
maintenance medium at 72 h (Fig 3. A, B and C).
Large and small syncytia were observed from the
bison and gaur isolates after 24™ h. With the progres-
sion of sub-cultivation, the viral growth increased,
CPE accelerated and after 48-60™ h the number of
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Fig. 2. Changes in small intestines (A and B) and
kidney (C)

syncytia also increased and approximately 50% of
the monolayer was affected. Full destruction of the
cell monolayer was observed at 72" h.

Viral titers of the isolated viruses on cell
culture from gaur, camel, yak and two bison var-
ied between logl0% TCID50/mL and loglQ’*
TCID50/mL. The viral titer of the heterologous
RNA paramyxovirus parainfluenza 3 (Pi-3) strain
Svetovrachene was logl0>* TCID50/mL. Viral
titers decreased by 2 - 3 logl0 after treatment of
the viruses with 5-jod 2-desoxiuridine 5-iodo-2-de-
oxyuridine, while the titer of heterologous Pi-3
Svetovrachene strain did not change. CPE was not
observed after treatment of all isolated viruses with



Fig. 3. Cytopathic effect of 21 passage after infection of MDBK cell culture with 10%
lung suspension from camel with MCF clinical symptoms: A — 24" B - 48", C - 72
hours after cell culture inoculation and D — MDBK negative control. Magnification

200X

20% ether and following inoculation of MDBK cell
culture.

DNA was received from all native samples
obtained from the investigated wild ruminants and
cell cultures with visible CPE. The amplification
products obtained by nested PCR with primers and
procedures for OHV 2 after the first round of reac-
tion were obtained amplicons with the size of 422
bp, and after the second round the size of 238 bp
(Fig. 4). Isolated DNAs were not amplified by PCR
with primers multiplying AIHV 1 for all isolates.

Thirty seven serum samples originated from
17 sheep, 13 Cameroon goats, 5 mouflons and two
bison were investigated serologically by a competi-
tive-inhibition ELISA for spread of MCF. In 21.4%
of sheep sera, 30.7% of Cameroon goats sera, and
50% of bison sera antibodies against MCF were
found. The total distribution of MCF antibodies in
wild and domestic ruminants was 27%.

Discussion

Wild animals are a reservoir and source of
MCEF virus (Castro et al., 1981). It has been proved
that the infectious virus is spread by young new-
born calves up to 3 months old (Plowright, 1968;
Castro et al., 1984). In our investigation the ani-
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Fig. 4. PCR proving the MCF virus in native and
MDBK cell culture samples. M molecular size mark-
er 100 bp. MCF DNA originated from cell culture:
Line 1- bufty coat bison, Line 2 — spleen gaur Line
3 — lungs camel, Line 4 — spleen hippopotamus, and
native samples: Line 5 — lungs camel, Line 6 — spleen
bison. Line 7 — positive control Germany, Line 8 —
negative control none infected cell culture MDBK



mals were at different age. All animals investigat-
ed by us with clinical symptoms of MCF had been
in direct contact with sheep and in indirect contact
with wild life blackbuck antelope (4ntelope cervi-
capra), antelope kana and capricorn (Hristov and
Peshev, 2014). Papers on the epizooties of MCF in
zoo parks are rare (Castro ef al., 1981; Campolo et
al., 2008). Our study proved that in Sofia zoo there
is MCF epizoothy. This assumption was confirmed
by an ELISA study, in which different types of ani-
mals with antibodies against MCF were found.

Plowright et al. (1963), Plowright (1968),
Castro et al. (1982) have found large-sized syn-
cytium and inclusion bodies in bovine embryonic
testis cells and bovine fetal kidney of isolates orig-
inating from an Indian gaur and Greater kudu with
typical clinical signs of MCF. Likewise, we have
observed growth of infected MDBK cell culture
with samples from organ suspensions from gaur.
The observed CPE in MDBK cell culture inoculat-
ed with organ suspension from bison with typical
signs of MCF (Hristov and Peshev, 2015) is differ-
ent from camel isolates. The different type of CPE
cannot be explained with different titers of virus
isolates, which varied between log 10%° for gaur to
log 1077 for bison and log 10" TCID, /mL for cam-
el. Most probably, the viral isolates from bison and
gaur are genetically different than camel isolates.

Reduction of the viral titers with 2 and 3
log10 after application of biochemical methods —
iodine-deoxyuridine treatment for proving viral
DNA on the cell culture isolates is the evidence
that the investigated isolates are DNA viruses. It
is proved by the results obtained by classical and
nested PCR. Till now data on the isolation of OHV
2 virus was missing. The negative results from PCR
specially designed for AIHV used in this study con-
firm that the cell culture MCF isolates in our inves-
tigation are OHV 2 viruses. Additional genetic in-
vestigations are needed to confirm the type of these
isolates.
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Abstract

The prevalence of cytomegalovirus (CMV) infections is between 50% and 85% in adults in different
parts of the world. Its epidemiology varies on socioeconomic and age groups. The present retrospective
study has been performed to determine the seroprevalence of CMV among the population in North-Eastern
Bulgaria. For the period 2003-2015, the prevalence of individuals with antibodies to CMV was estimated,
using indirect enzyme-linked immunosorbent assay (ELISA) to detect virus-specific IgG and IgM. The
population sample included 7879 randomly chosen hospitalized patients of both sexes and different ages.
The total seroprevalence of CMV was determined to be 78.4% (CI 95% 77.5; 79.3), and the relative pro-
portion of acute CMV infections 22.9% (CI 95% 21.9; 23.7). The proportion of CMV IgG and IgM by sex
and by age was also analysed. The results of the study reveal that CMV infection is highly prevalent among
the population and occurs mainly in the first years of life.
Key words: Cytomegalovirus (CMV), seroprevalence, anti-CMV IgM, anti-CMV IgG.

Pe3rome

I{uromeranoBupycHata HH(EKIHS € IHUPOKO Pa3IpOCTPAHEHA U B PA3IMYHU 00JIACTH HA CBETA € MEXTY
50% u 85% cnopen HaMYMETO HA CHEUU(PUIHN AHTUTENA BbB Bb3pAaCTHATA MOMyanus. EnuneMnonoruaHoTo
pasmpoctpanenue Ha nuromeraigoBupyc (CMV) Bapupa B 3aBHCHUMOCT OT BB3pacTra W COILMAIHO-
MKOHOMUYECKUsI CTaTyc Ha HacejaeHHeTo. HacTosmoTo peTpoCceKTUBHO CEpOEHIEMUOTIOTUYHO ITPOyYBaHe
MMa 3a LIeJ1 ]a YTOYHM ceporpeBasieHTHOCTTa cipsivo CMYV B obmiara nomynars B CeBeponsrouna bbiarapus
U YecToTara Ha ITbPBUYHOTO 3apa3siBaHE B 3aBUCUMOCT OT Bb3pactra. 3a nepuoaa 2003 — 2015 r. Gewre
OlpesiesITHO Haimn4ueTo Ha cneunduyunu anti CMV antutena ot IgG u IgM tun B enuHnyHa cepyMHa npoba
u crannaprusupana ELISA. M3cnensanu ca 7879 nauueHTH OT ABaTa I0j1a, pa3lpeielieH BbB Bb3pacTOBH
rpymnu. CraTucTHYECKUT aHalu3 Oelle HarpaseH ¢ moMornta Ha McCallum Layton calculators (www.mccal-
lum-layton.co.uk) and Social Science Statistics (wWww.socscistatistics.com). B Hamero mpoyuBaHe cpeaHara
CEepOIPEBaTICHTHOCT Ha obmiara nomynarums € 78,4 %. OTHOCUTETHUAT JsUT Ha ocTpute uHpekuuu ¢ 22.9 %.
Cnopen Hammre qanHd CMV-uHdeknusaTa e mupoKo pa3npoCTpaHeHa U 3apa3sBaHETO CTaBa Hail-4ecTo B
PaHHOTO JETCTBO.

Introduction

Cytomegalovirus (CMV) is an ubiquitous  the world and in different socioeconomic and age
large enveloped dsDNA f-herpesvirus with no  groups (Chandler ef al., 1985; Fowler et al., 1993).
known seasonal predominant distribution and with  According to previous data in North-Eastern Bul-
a prevalence that ranges between 50% and 85% of  garia, people over 15 years of age are infected in
adults ( Staras et al., 2006; Bate et al., 2010). The = 85%, including women of childbearing age, and the
epidemiology of CMV varies in different regions of  average seroprevalence is 69.8% (Ivanova, 2007)
CMYV infections are most often asymptomatic
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or with nonspecific presentations in healthy popula-
tion, but when symptomatic, can lead to a syndrome
resembling infectious mononucleosis or acute hep-
atitis. The virus is excreted through all body fluids,
and the most common route of transmission is close
or sexual contact, although transmission can also
occur through breast milk, solid organ transplant or
blood transfusions (Ross and Boppana, 2005; Stag-
no and Britt, 2006). CMV primary infection occurs
mostly in childhood and adolescence, but primary
infections can also be observed in adults (Stagno
and Britt, 2006). The virus establishes lifelong la-
tency in monocytes and lymphocytes after the pri-
mary infection (Schrier et al., 1985).

The infection is important and dangerous in
certain risk groups such as immunocompromised
patients and pregnant women. In immunocompro-
mised individuals, CMV infection, reactivation or
re-infection is the leading cause of morbidity and
mortality, especially in association with transplants,
haemodialysis, cancer, immunosuppressive therapy
and infection with human immunodeficiency virus
(HIV), as well (Pass, 2001).

In primary maternal infection, the probabili-
ty of transmission of CMV to the fetus is approx-
imately 30% to 40%. In women with pre-existing
CMYV immunity during pregnancy the probability
of fetal CMV transmission decreases to approxi-
mately 0.5% to 1.4% (Stagno et al., 1982; Schleiss,
2008) and congenital infections in such cases can
be less severe (Fowler et al., 1992). According to
the data, the overall birth prevalence of congenital
CMYV infection is reported to be 0.64%, but var-
ies considerably among different study populations
from 0.3% to 2.3% of all live births (Kenneson and
Cannon, 2007). Congenital CMV infection is de-
fined by either the detection of CMV-DNA or an-
ti-CMV IgM in infant body fluids or sera within
the first 21 days post-partum (Mosca and Pugni,
2007). Approximately 10% to 15% of infants with
congenital CMV infection are symptomatic at birth,
with manifestations including growth retardation,
prolonged jaundice, thrombocytopenic purpura,
hepatosplenomegaly, microcephaly, CNS calcifica-
tions and abnormalities, and retinitis. The risk of
long term neurodevelopmental disabilities is high
in these children and include microcephaly, hear-
ing loss, motordeficits, cerebral palsy, mental retar-
dation, seizures, ocular abnormalities and learning
disabilities (Kylat ef al., 2006; Sharon and Schleiss,
2007).

Little is known about the seroprevalence and
the relative proportion of CMV infections in Bul-
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garia as national and regional trends in CMV infec-
tion have not been examined recently. The current
work aimed to assess the seroprevalence of CMV
and to determine the relative proportion of recent
CMV infections in different age groups among the
North-Eastern Bulgarian population.

Material and methods
Study population

From January 2003 to December 2015, a to-
tal of 7879 individuals of both sexes, distributed in
12 age groups: 0-6 months, 7 months-1 year, 2 - 5,
6-10,11-15,16-20,21-25,26-30,31-40,41 -
50, 51 - 60, and > 61 years were studied in single
serum samples for the presence of CMV-specific
antibodies.
Method

Commercial ELISA test kits for detection of
specific anti CMV IgM and IgG antibodies (EU-
ROIMMUN - Germany, VIRCELL — Spain, Dia
Pro — Italy, Adaltis — Italy) were performed accord-
ing to the producer’s recommendations. Anti-CMV
IgM positive samples were considered as acute/re-
cent infections.
Statistical analyses

The proportion of CMV seropositive individ-
uals and their corresponding confidence intervals
(CI), chi-squared distributions and p-values were
calculated with McCallum Layton calculators and
Social Science Statistics. A p-value <0.05 was con-
sidered significant for all statistical tests.

Results

In a total of 7879 individuals, 6176 had IgG
antibodies to CMV (78.4%, 95% CI: 77.5; 79.3) and
1703 were seronegative (21.6%, 95% CI1:20.7%;
22.5). Among the male participants, 3224 of 4220
(76.4%, 95% CI: 75.1; 77.7) were CMV IgG-posi-
tive and among the female participants 2952 of 3659
(80.7%, 95% CI: 79.4; 82.0) were CMV IgG-pos-
itives (Table 1). This difference in the proportions
of seropositive males and females was statistical-
ly significant with chi-square of 21.2 and p-value
of <0.001.

By distribution of CMV IgG-positive indi-
viduals (male and female) by age, 82.9% (95% CI:
79.9; 85.9) of children in the youngest age group
(0 — 6 months) were shown to have antibodies (Fig.
1). It is consistent with the level of anti CMV IgG
positivity (84.5% - (95% CI: 82.7; 86.3) found in
women of childbearing age from the same popula-
tion (Table 1), and most of them probably are trans-
placental. The percentage of seropositive individu-



Table 1. Individuals IgG-positive for cytomegalovirus, distributed by sex, 2003-2015

Study participants N CMV-IgG % CMV-IgG 95% confidence
(N) positive positive interval
Male 4220 3224 76.4 75.1-77.7
Female 3659 2952 80.7 79.4 - 82.0
(1612%) (1362%) (84.5%) (82.7 - 86.3%)
Total 7879 6176 78.4 77.5-179.3

*Women of childbearing age 15-49 years (according WHO classification)

als then decreased and was similar in age groups of
7 months -1 year-old and 2 - 5 years-old with 53.7%
(95% CI: 48.1; 59.3) and 52.6% (95% CI: 49.4;
55.8), respectively. Subsequently the proportion
of seropositive individuals progressively increased
with age, reaching 62.8% (95% CI: 58.9; 66.7) in
the age group of 6 — 10 years-olds, 69.4% (95% CI:
65.4;73.4) in the 11 — 15 years-old, 70.8% (95% CI:
66.8; 74.8) in the 16 — 20 years-old, 78.5% (95% CI:
74.8; 82.2) in the 21 — 25 years-old, 83.8% (95% CI:
80.6; 87.0) in the 26 — 30 years-old, 85.4% (95% CI:
83.2; 87.6) in the 31 — 40 years-old, 92.2% (95% CI:
90.2; 94.2) in the 41 — 50 years-old, 92.5% (95% CI:
90.6; 94.4) in the 51 — 60 years-old and 94.9% (95%
CI: 93.5; 96.3) in the oldest group (=61years). The
proportion of males and females with CMV IgG in
each age group is shown in Figure 1.

By distribution of CMV IgM-positive indi-
viduals (male and female) by age, 20.5% (95% CI:

17.3; 23.7) of children in the youngest age group
(0 — 6 months) were shown to have antibodies.
The percentage of CMV IgM-positive individuals
was 36.7% (95% CI: 31.3;42.1) in the 7 months -1
year-old, 38.4% (95% CI: 35.3; 41.5) inthe 2 - 5
years-old and then progressively decreased with
age, reaching 30.8% (95% CI: 27.1; 34.5) in the
age group of 6 — 10 years-olds, 26.2% (95% CI:
22.4; 30.1) in the 11 — 15 years-old, 28.7% (95%
Cl: 24.8; 32.7) in the 16 — 20 years-old, 21.5%
(95% CI: 17.8; 25.2) in the 21 — 25 years-old,
21.1% (95% CI: 17.6; 24.7) in the 26 — 30 years-
old, 19.6% (95% CI: 17.1; 22.1) in the 31 — 40
years-old, 16% (95% CI: 13.3; 18.7) in the 41 — 50
years-old, 13% (95% CI: 10.6; 15.4) in the 51 — 60
years-old and 12.8% (95% CI: 10.7; 14.9) in the
oldest group (=61 years). The proportion of males
and females with CMV IgM in each age group is
shown in Figure?2.
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Fig. 1. Proportion of individuals IgG-positive for Cytomegalovirus, by sex (black — male
and grey — female) and age, 2003-2015 (N=7879)
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and grey — female) and age, 2003-2015 (N=7879)

Discussion

The results of this study indicate that CMV
infection is highly prevalent among the population
(78.4%, 95% CI: 77.5; 79.3), similarly to reported
results about other countries ( Takeda et al., 2001;
Kothari et al., 2002; Staras et al., 2006). Such high
seroprevalence may have profound effects with re-
spect to immunocompromised individuals and ma-
ternal infections.

With respect to distribution by sex, women
were found to be more infected than men, 80.7%
(95% CI: 79.4; 82.0) and 76.4% (95% CI: 75.1;
77.7), respectively. The calculated risk ratio shows
that females are exposed to a greater risk of CMV
seropositivity by 6% (RR = 1.06, 95% CI: 1.03;
1.08) when compared to males . A possible expla-
nation of this fact is that women more often become
infected by sexual contact in addition to the con-
tact route in the society, and are in close contact
with the virus-containing secretions (urine, saliva)
of their infected children. This horizontal route
of transmission presents a risk to young mothers,
pregnant women and those with occupations as-
sociated with exposure to children, such as teach-
ers and day careworkers (Staras et al., 2008). To
support this, the study showed that 32.4% of the
16 — 20-year-old young women and 25.6% of the
21 - 25year-old show evidence of acute infection.
According to Italian and Brazilian authors, due to
the high CMV seroprevalence in women of child-
bearing age, actually transmission in previously
seropositive women through reactivation or re-in-
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fection happens more often and is responsible for
most congenital CMV infections (Barbi et al.,
2006; de Vries et al., 2013). According to our data
about CMV seroprevalence in women of childbear-
ing age, the total risk of congenital infection is still
higher in cases of primary maternal infection. In
our population, 15.5% of women of childbearing
age were found to be susceptible to primary CMV
infection, which, combined with the fact that in this
case the risk of transmission to the newborn is 40%
(Stagno and Britt, 2006), gives a total population
risk of 6.2%. Assuming that the risk of congenital
infection after reactivation of maternal CMV in-
fection during pregnancy is around 1% (Stagno et
al., 1982) and taking into consideration that 84.5%
of women of childbearing age in our population
were CMV IgG-positive, the total risk of congen-
ital CMV transmission for the population when the
mother is immune, is 0.8%, which is approximately
8 fold lower than after the primary infection.

With respect to age-sex distribution, women
showed higher seroprevalence than men in all age
groups after age 5. The seroprevalence in women
is considerably higher than in men in the age group
21 - 25 years old (82.9% versus 73.6%, p=0.01).
After this age group, the seroprevalence values for
both sexes converge, but remain higher in women,
although not statistically significant.

A tendency for prolonged presence of IgG an-
tibodies in the 0 - 6 months age group (82.9%, 95%
CI: 79.9; 85.9) was also observed, probably due to
complementary postnatal infection. Our conclusion



is confirmed by a relatively high proportion of acute
infections (IgM anti CMV positivity) in the 0 - 6
month’s group (20.5%), which continues to grow
in the next age groups - 7 - 12 months (36.7%) and
2 — 5 year-old (38.4%). Our data indicate that more
than 1/3 of the children under 5 years of age ac-
quire CMV infection. Anti CMV IgG seropositivity
gradually increases in the older age groups. For our
study population, more than 90% of people above
40-ies are infected.

According to our study, seroprevalence in-
creased with age and concurrently the proportion of
the acute infections decreesed as a general tenden-
cy. A considerably high proportion — 25.9% (95%
CI: 23.1; 28.7) of children in the youngest age
groups (0 — 12 months) were shown to have IgM
antibodies. The proportion of infants who become
infected with CMV during the first year of life is
directly related to the seroprevalence of women of
reproductive age and to the proportion of mothers
who breastfeed. In countries where breastfeeding is
widely practiced and the majority of mothers are
seropositive, for example in south Europe, some re-
gions of Asia, Africa and Latin America, more than
50% of infants acquire CMV within the first year
of life (Stagno et al., 1982). The highest propor-
tion (38.4%, 95% CI: 35.3; 41.5) of acute infections
(anti-CMV IgM positive) was obtained in the 2 - 5
age group, when children are admitted in day care
centers (de Mello et al., 1996).

Conclusions
1. CMV infection is highly prevalent (78.4%)
and has increased in comparison with a pre-
vious study (69.8%) (5) in the North-Eastern
Bulgarian population, probably due to the
more sensitive modern ELISA tests, and the
larger number of tested individuals.

2. Primary CMYV infection occurs mainly in the

first 5 years of life.

3. Serological screening and viral load testing

should be performed for immunocompro-
mised patients and pregnant women or wom-
en who intend to become pregnant.
The main preventive measures against CMV
infections and reinfections should be aimed
at immunocompromised patients and women
who intend to become pregnant, and women
who work with children. To these individuals
the exposure to CMV can be most detrimental
and even fatal. They are the target groups for
administration of a future effective vaccine.
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Abstract

Epstein-Barr Virus (EBV) is a widely spread member of the Herpesviridae family. Data show that in
more than 90% of the adult population, specific anti-EBV can be found. In different Bulgarian studies the
seroprevalence was set between 60% and 80%. The primary infection early in life is often asymptomatic
or with nonspecific clinical symptoms, while in teenagers infectious mononucleosis develops. EBV is a
proven agent of malignant, autoimmune and lymphoproliferative diseases, especially in immunocompro-
mised patients. Tracking and analyzing the seroepidemiological status of the population in every region
is of utmost importance. In our study, 5016 single serum samples from patients referred for EBV testing
for various reasons were analyzed for the period 2010-2015. People aged between 1 month and 89 years
old were divided into sixteen age groups. The samples were tested using indirect enzyme-linked immuno-
sorbent assay (ELISA) for detection of anti-EBV (VCA) IgM and IgG. The proportion of EBV seropositive
individuals and their corresponding confidence intervals (CI), chi-squared distributions and p-values were
calculated. Our data indicated high, age-dependent EBV (VCA) IgG dissemination with 90% seropreva-
lence after age 26. Primary infections detected by anti-EBV (VCA) IgM occur in a bimodal model with
peaks in age groups 1 — 5 and 11 - 20 years old.
Key words: Epstein-Barr virus (EBV), seroprevalence, anti-EBV (VCA) IgM, anti-EBV (VCA) IgG, in-
fectious mononucleosis (IM).

Pe3rome

EBV e mmpoko pa3npocTpaHeH npeicTaBuTen Ha ceMeiicTBo Herpesviridae. 1o nutepaTypHUTE JaHHU
nioBeye oT 90% OT Bb3pacTHOTO HaceJICHHE MPUTEKaBa CrieliM(hUUHN aHTHTeNa cpelity Bupyca. Criopes pa3anyHu
npoyuBaHus B bwirapusi ceporipeBanieHTHOCTTa ce IBMkU Mexiay 60% u 80%. IIbpBuuHara uHdpekus B
PaHHOTO JETCTBO YECTO € aCUMITOMHA WJIM MPOTHYA ¢ Hecnenru(puyHa KIMHIUYHA CUMIITOMAaTHKa, JOKarto B
FOHOIIIECKA BB3pacT C€ Pa3BUBAT CUMITOMH Ha MH(EKIIMO3Ha MOHOHYKIeo3a. EBV e nokazan mpuuuHUTEN
Ha MaJIMTHEHHU, aBTOUMYHHH U JTuM@ornponrdepaTuBHU 3a00sBaHNs, 0COOCHO NMPH UMYHOKOMIIPOMETHUPAHU
narnueHTy. [IpocneasBaHeTo u aHATM3UPAHETO HA CEPOEITUIEMHOJIOTHYHUS CTATYC HA HACEJIEHUETO BbB BCEKU
PETHOH € OT U3KIIIOUUTEIHA BaKHOCT. Haiero npoy4Base ce ocHOBaBa Ha aHaiu3 Ha 5016 equHUYHY cepyMHU
poOH OT MALMEHTH, HACOYEHH T10 PA3IMYHU IPUUNHU 32 n3cneBane Ha EBV-ungexuusata koM Jlaboparopus
no kiuHu4Ha Bupyconorus B YMBAJI “Csera Mapuna® — Bapna B nepuona 2010 — 2015 r. [Taumenture
Osixa paznenenu B 16 Bp3pacToBu rpymu. M3nomBanu ca ctannaptusupann ELISA kuToBe 3a moka3BaHe Ha
cneuuduunu anti-EBV (VCA) 1gM u IgG. Craructuyeckusar ananus Oelile HanpaseH ¢ nomounra Ha McCal-
lum Layton calculators (www.mccallum-layton.co.uk) u Social Science Statistics (wWww.socscistatistics.com).
Hammre nanHn nmoka3Bar BUCOKO, Bb3pacCTOBO CBBP3aHO pa3pOCTpaHEHHE Ha 3apaseHocTra ¢ EBV, cniopen
nHanmmumero Ha anti EBV (VCA) IgG. CeponpeBanenTtHocTTa cieft 26-roauiHa Be3pact € Hajt 90%. [IbpBuunara
uHbpekuma cropen HannyreTo Ha anti-EBV (VCA IgM) uma OumopaseH MoJieln Ha pa3npoCcTpaHeHHE C MUKOBE
BbB Bb3pacToBU Ipynu 1 — 5 u 11 - 20 ronunu.

*Corresponding author:
e-mail: tckostadinova@abv.bg; tel.: 0889 629 060
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Introduction

Epstein-Barr Virus (EBV) is a widely spread
member of the family Herpesviridae. The unique
properties of the viruses of this family are their
lifetime persistence in latent stage after primary
infection and reactivation capability (Middleton,
1974; Tan et al., 1999; Rickinson and Kieff, 2007).
More than 90% of the adult population possesses
specific anti-EBV (VCA) IgG, and according to
various studies in Bulgaria, seroprevalence is 60-
80% (Dundarov, 1998; Genova et al., 2013). A cor-
relation between the time of the primary infection
and the socio-economic status of the population
has been established (Henle et al., 1979; Straus et
al., 1993). Previous studies in northeastern Bulgar-
1a suggest that the infection occurs mostly by age
4-7 and marks a peak in the age group 15-22 (Iva-
nova, 2007). Most commonly a major mechanism
of transmission is through kissing, but infection
from blood transfusions, organ and bone marrow
transplantation and sexual contact is also possible
(Niederman et al., 1976; Craig et al., 1993; Cohen,
2000; Thomas et al., 2006). The virus replicates in
epithelial cells of the macro-organism and estab-
lishes latency in B-lymphocytes (Tan et al., 1999;
Rickinson and Kieff, 2007). Primary infection oc-
curs as infectious mononucleosis (IM) mainly in
adolescence and later. Infection during early child-
hood is more often asymptomatic or with non-spe-
cific symptoms (Dowd et al., 2013; Straus et al.,
1993). In later life, EBV is associated with a variety
of malignancies, autoimmune and lymphoprolifer-
ative disorders (Craig et al., 1993; Alexander et al.,
2003; Magrath, 2012).

In recent years, the diagnosis of EBV infec-
tion is mainly performed by serological methods
based on enzyme-linked immunosorbent assay
(ELISA). Specific serological markers for acute in-
fection are IgM and IgG antibodies of VCA (viral
capsid antigen), anti-EA (D) IgG (early antigen)
(Klutts et al., 2009). Specific serological markers
for past infection are anti-EBNAI1 IgG and an-
ti-EBV (VCA) IgG, which persist for life (Linde,
1996; Hess, 2004). The purpose of this study is a

retrospective analysis to clarify the seroepidemi-
ological situation in northeastern Bulgaria and to
define the time of primary infection with EBV.

Material and Methods
Tested population

In the period 2010 - 2015, 5016 hospitalized
and outpatients were tested for various reasons, in
a single serum sample in the Laboratory of Clinical
Virology, University Hospital ,,St. Marina® - Varna.
Patients were divided into 16 age groups: 1 month-
1 year old, 1-5 (years old), 6-10 (years old), 11-15
(years old), 16-20 (years old), 21-25 (years old),
26-30 (years old), 31-35 (years old), 36-40 (years
old), 41-45 (years old), 46-50 (years old), 51-55
(years old), 56-60 (years old), 61-65 (years old),
66-70 (years old) and over 71. The average age of
patients was 29.84 (SD+23.85). Minimal age was 1
month, the maximal — 89. In the studied sample, the
proportion of male individuals was 54.7% (95% CI:
53.32% -56.08%), and females were 45.3% (95%
CI: 43.92% - 46.68%) (Table. 1).
Methods

Standardized serological ELISA tests for the
detection of specific anti-EBV (VCA) IgM (Anti-
EBV-CA ELISA IgM, EUROIMMUNE- Germany)
and IgG (Anti-EBV-CA ELISA IgG, EUROIM-
MUNE - Germany) were performed according to
the producer’s recommendations.
Statistical analysis

The proportion of EBV seropositive individ-
uals and their corresponding confidence intervals
(CI), chi-squared distributions and p-values were
calculated with SPSS, v.19.0. A p-value <0.05 was
considered significant for all statistical tests.

Results

The highest share of tested individuals was
in the age group 1-5 (15.9%, 95% CI: 14.79% -
16.81%), possibly due to the need for more
frequent consultation and laboratory diagnostics of
atypical clinical manifestations in young children.
The proportion of tested hospitalized patients was
higher (86.04%, 95% CI: 85.08% -87%) compared

Table 1. Distribution of tested individuals by sex for the period 2010-2015

Sex Total number of tested Proportion (95% CI)
individuals (N)
Men 2744 54.7% (53.32%-56.08%)
Women 2272 45.3% (43.92%-46.68%)
In total 5016 100%
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to outpatients (13.96%, 95% CI: 13% -14.92%)).
This shows that tests for EBV are predominantly
appointed in individuals during their hospital stay
and in conjunction with concomitant unspecified
illness.

Anti-EBV (VCA) IgG immune status:

From a total of 5016 participants in this study,
5012 were tested for the presence of anti-EBV
(VCA) I1gG (99,9%, 95% CI: 99.81% -99.99%)
(Table. 2). Hospitalized patients were 86.1% (95%
CI: 85.14% -87.06%) of the sample compared with
outpatients (13.9%, 95% CI: 12.94% -14.86%).

4135 of the tested individuals showed pos-
itive results (82.5%) (95% CI: 81.45% -83.55%).
We found differences in seroprevalence between
outpatients (88.2% - 95% CI: 85.8% -90.6%) and
hospitalized patients (81.6% - 95% CI: 80.44% -
82.76%).

The proportion of positive men (n = 2216)
was 80.8% (95% CI: 79.33% -82.27% and the
positive women were 1919 - 84.5% (95% CI:
83.01% -85.99%). The difference is statistically sig-
nificant (p <0.05) (Cramer‘s V = 0.048, p <0.05).

There is a statistically significant relationship
between the age of tested individuals and anti-EBV
(VCA) IgG seropositivity, established with chi-
squared test (p <0.01) and the fact that the strength
of this relationship is weak (Cramer‘s V = 0.414,

p <0.01).
Anti-EBV (VCA) IgM antibody status:

For the presence of anti-EBV (VCA) IgM
4984 people were tested (99.4%, 95% CI: 99.19%-
99.61%) (Table. 3). Hospitalized patients had a high-
er percentage (86.6%, 95% CI: 85.65% -87.55%)
compared with the relative proportion (13.4%, 95%
CI: 12.45% -14.35%) of outpatients. A positive re-
sult was confirmed in 876 (17.6% - 95% CI: 16.54%-
18.66%). The proportion of positive outpatients was
15.8% (95% CI: 13.04% - 18.56%) and 17.8% (95%
CL: 16.66% - 18.94%) for hospitalized patients.
The positive males (n = 482) were 17.6% (95% CI:
16.8% - 19.02%) and females (n = 394) were 17.3%
(95% CI: 15.74% - 18.86%). The difference was not
statistically significant (p> 0.05).

The age of the tested people is associated with
anti-EBV (VCA) IgM seroprevalence (p <0.05),
and the power is not strong (Cramer‘s V = 0.307,
p <0.01).

Discussion

According to the presence of anti-EBV
(VCA) IgG in our study, 82.5% (95% CI: 81.45%
-83.55%) of the population in Northeastern Bulgaria
aged between 1 month and 89 years old shows posi-
tive evidence of infection with the EBV. In another
study (Genova ef al., 2013), 79% of the population

Table 2. Age-related distribution of anti-EBV (VCA) IgG seroprevalence in northeastern Bulgaria in

the period 2010-2015

Anti- EBV (VCA) IgG — seropositive
Age Persons (N) Aml_EBY .(VCA) 1eG Proportion (95%CTI)
seropositive by age

under 1 yr. 314 215 68.5% (63.36%-73.64%)
1-5 yr. 793 404 50.9% (47.31%-54.29%)
6-10 yr. 408 308 75.5% (71.53%-79.87%)
11-15 yr. 316 262 82.9% (78.75%-87.05%)
16-20 yr. 355 294 82.8% (78.87%-86.73%)
21-25 yr. 265 237 89.4% (85,69%-93.11%)
26-30 yr. 280 261 93.2% (90.25%-96.15%)
31-35yr. 320 298 93.1% (90.32%-95.88%)
36-40 yr. 300 286 95.3% (92.91%-97.69%)
41-45 vr. 226 216 95.6% (92.93%-98.27%)
46-50 yr. 231 215 93.1% (89.97%-96.43%)
51-55 yr. 223 208 93.3% (89.54%-96.26%)
56-60 yr. 248 235 94.8% (92.04%-97.56%)

61-65 yr. 237 223 94.1% (91.1%-97.1%)
66-70 yr. 231 223 96.5% (94.13%-98.87%)
Over 71 yr. 265 250 94.3% (91.15%-96.85%)
Total 5012 4135 82.5% (81.45%-83.55%)
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Table 3. Age distribution of anti-EBV (VCA) IgM seropositivity in northeastern Bulgaria in the period
2010-2015

Anti-EBV (VCA) IgM — seropositive
Age Persons Anti-EBV (VCA) IgM
(N) I8 Proportion (95%CI)
seropositive
under 1 yr. 314 41 13.1% (9.37%-16.83%)
1-5yr. 794 254 32.0% (28.7%-35.25%)
6-10 yr. 408 121 29.7%(25.07%-33.93%)
11-15yr. 314 100 31.8% (26.65%-36.95%)
16-20 yr. 354 126 35.6% (30.61%-40.59%)
21-25 yr. 263 42 16.0% (11.57%-20.43%)
26-30yr. 272 32 11.8% (7.97%-15.63%)
31-35yr. 317 38 12.0% (8.42%-15.58%)
36-40 yr. 297 29 9.8% (6.42%-13.18%)
41-45 yr. 224 15 6.7% (3.43%-9.97%)
46-50 yr. 229 17 7.4% (3.95%-10.65%)
51-55yr. 220 9 4.1% (1.77%-7.23%)
56-60 yr. 246 14 5.7% (2.8%-8.6%)
61-65 yr. 237 12 5.1% (2.3%-7.9%)
66-70 yr. 231 12 5.2% (2.34%-8.06%)
over 71 yr. 264 14 5.3% (2.91%-8.49%)
Total 4984 876 17.6% (16.54%-18.66%)

was found to be infected with the virus. A previous
study for Northeastern Bulgaria determined an av-
erage prevalence of 60.83% with immunofluores-
cent test (Ivanova, 2007). Our data show increased
prevalence compared to previous studies, which is
possibly due to the higher number of investigated
individuals and more sensitive methods. We affirm
the prevalence of the virus, which is in line with
the global tendency. In a study performed in Bang-
ladesh and Taiwan across a wide age range popu-
lation, the mean seroprevalence was 81.27% and
88.5% respectively (Haque et al., 1996, Chao et
al., 2015). The data in our study confirm the global
trends of increasing prevalence with age. Similarly,
in Denmark, the proportion of people with antibod-
ies increases from 15% in 1 year olds to 60-65% in
the age group 4-6, reaching up to 95% in late adult-
hood (Hesse et al., 1983). In the United States for
the period 2003-2010, among the age group 6-19
the average seroprevalence was 66.5% and also
was increasing with age (Dowd et al., 2013).

The analysis of the age distribution of seroprev-
alence and primary infection with EBV in our survey
shows 68.5% seropositivity in children under 1 year
old. Anti-EBV (VCA) IgM antibodies were found in
13.1% (9.37% - 16.83%) of them. In this age range,

236 of the tested individuals were up to 6 months
of age with 76.3% (95% CI: 72.17% - 82.38%) se-
ropositivity to anti-EBV (VCA) IgG. For compar-
ison, 92.4% (95% CI: 87.86% - 91.68%) of tested
women of childbearing age defined by WHO (15-
49 years old), were positive for anti-EBV (VCA)
IgG, but according to literature, in pregnant women
anti-EBV (VCA) IgG antibodies were detected in
94% to 100% (Dundarov, 1998; Crawford et al.,
2002). Therefore, in infancy, IgG antibodies prob-
ably are passively passed from the mother. This
determines protection from infection and there-
fore the lowest share of early infected (12.7%) as
shown by the test of anti-EBV (VCA) IgM. Dur-
ing early childhood (1-5 years) seroprevalence is
the lowest - 50.9% (47.31% - 54.29%). Serological
evidence of primary infection in this age group is
32.0% (28.7% - 35.25%). Seropositivity after this
age group gradually increases and reaches 93.2%
(90.25% -96.15%) in the age group 26-30, then con-
tinues to grow reaching 94.3% (91.15% - 96.85%)
in age over 71. The highest proportion of anti-EBV
(VCA) IgM seropositive people is observed in the
age group 16-20 - 35.6% (30.61% -40.59%) and
with age it gradually declines, reaching values be-
tween 12% and 4.1% in the age groups over 31.
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The distribution of seropositivity by sex in
our study shows a higher degree of infection in
women (84.5%) compared to men (80.8%) (p <
0.05). These data do not correlate with the findings
of Genova et al, indicating male/female ratio 2:1
Genova et al., 2013), but correlate with data from
other studies (Biggar et al.,1981; Crawford et al.,
2006; Higgins et al., 2007; Dowd et al., 2013),
where the proportion of women was also higher.

According to available literature, EBV infec-
tion begins in childhood or adolescence and iden-
tified risk factors for the duration of infection are
mainly socio-economic (Cecilia et al., 2004). The
analysis of our data from Northeastern Bulgaria
shows that primary infection with EBV is attrib-
uted to early childhood and pre-school and school
period. About 1/3 of children are infected by age 5,
possibly with nonspecific clinical signs, and only
the awareness of clinicians in our region refers pa-
tients to specific serological testing for EBV. Our
data indicate a bimodal model of primary infection
with a higher proportion in the age groups 1-5 and
11-20. According to earlier studies for the same re-
gion, the peaks of infections are observed in age
groups 4-7 and 19-22 (Ivanova, 2007). Infection in
early childhood is associated with the main route
of transmission of the virus through oropharyngeal
secretions in the family or in organized children‘s
collectives. Our study did not test the impact of the
household income, education level or other factors
which could also have importance in determining
the risk of infection in this age group. We think the
higher prevalence is due mainly to the wide dis-
tribution of EBV and periodic transmission of the
virus with oropharyngeal secretions from asympto-
matic carriers. Periodic transmission of the virus in
saliva was found in 15% - 20% of healthy seropos-
itive youngsters and in immunosuppressed patients
(Straus et al., 1993, Ling et al., 2003a). The sec-
ond prominent peak during adolescence is due to
the addition of sexual contact and the risk is mainly
determined by the number of sexual partners. Ac-
cordingly, the virus is often confirmed in genital
secretions. In surveys amongst young people not
using protection during sexual intercourse, a higher
incidence of infection was found, but further stud-
ies are needed, since the infection through kissing
cannot be ignored (Crawford ef al., 2002; Higgins
et al., 2007). The high frequency of infection dur-
ing adolescence suggests more frequent occurrence
of infectious mononucleosis in this period.
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Conclusion
In our survey we found:

1. EBV infection is highly prevalent in Northeast
Bulgaria (82.5% - 95% CI: 81.45%-83.55%)
and increased in comparison with a previ-
ous study, probably due to the more sensitive
modern ELISA tests, and the larger number of
tested individuals.

2. EBV infection is highly prevalent in women
(84.5%) compared to men (80.8%) (p<0.05).

3. Our data indicate a bimodal model of primary
infection with a higher proportion in the age
groups 1 - 5 and 11 — 20.

4. Serological screening and viral load testing
should be performed for immunocompro-
mised patients and patients with different ma-
lignancies with respect to reactivation and/or
reinfection with possible fatal complication.
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Abstract

The coelomic fluid of four earthworm species, Aporrectodea rosea, Eisenia fetida, Lumbricus terres-
tris and Octolasion lacteum, was investigated against Gram-negative bacteria strains: Aeromonas hydroph-
ila, Pseudomonas fluorescens and Pseudomonas luteola and human pathogen Herpes simplex virus type 2
(genital herpes). The research revealed that only studied material from FEisenia fetida acted selectively on
pathogenic bacteria. The greatest growth-inhibiting effect was observed on Aeromonas hydrophila. No anti-
viral potential was demonstrated against Herpes simplex virus. The metabolic components of the coelomic
fluid have a strong cytolytic effect, but lack any activity against the tested virus pathogen.
Key words: coelomic fluid, Pseudomonas, Aeromonas, Herpes simplex virus, earthworms, Lumbricidae

Pe3rome

BnusiHueTo Ha 1enoMHara TEYHOCT OT YETHPHW BHUJA JABXKIOBHU uepBeu: Aporrectodea rosea, Eisenia
fetida, Lumbricus terrestris u Octolasion lacteum e M3cneBaHO BbPXy HIKOU [paMoOTpHULIaTeNHN OaKTepHH:
Aeromonas hydrophila, Pseudomonas fluorescens n Pseudomonas luteola, kaxto u cupsimo Herpes simplex
virus Tum 2 (reHutanieH xeprec). [lomydenuTe pesynrar mokassar, 4e camo FEisenia fetida ima m3pa3eH
aHTuOarepuaieH eexT BbpXy U3CIIeIBAHUTE MUKPOOPIraHU3MHU KaTo e(heKTa € Hail-CUJICH CIIPSIMO Aeromonas
hydrophila. MeTabonUTHUTE KOMIIOHEHTH Ha IEJIOMHATa TEYHOCT UMaT CHJIHA IUTOJIMTUYHA aKTUBHOCT TIPU
BB3/ICIICTBHE Ha M3MOJI3BaHaTa OT HAC KJIEThYHA JIMHUS, HO HE TMOBIUSABAT PEIUTUKAIMATA HA YOBELIKUST
XEpIIeCeH BUPYC TUI 2.

Introduction their potential clinical applications. They include

Earthworms live in an environment abundant  factors displaying hemolytic activity accompanied
in pathogens. Some of those pathogens are bacte- by antibacterial/bacteriostatic effects against path-
ria and viruses. Earthworms lack true antibodies, ogenic soil bacteria (Roch et al., 1979; Valembois
hence an adaptive immune response and the coelo- et al., 1982; Roch et al., 1992). The second group

mic fluid act as an efficient innate immune system  includes factors exerting lytic activity towards oth-
to defend them against invading pathogens (Liu ez er cell types, particularly tumor cells (Bilej et al.,
al., 2004). 2002).

The coelomic fluid of the earthworm Eise- Aeromonas hydrophila can cause gastro-
nia fetida (Oligochaeta: Lumbricidae), containing  enteritis in humans, occurring mostly in young
more than 40 proteins, exhibits several biological  children and people with compromised immune
effects as follows: cytolytic, proteolytic, hemolytic, systems. These bacteria are linked to two types of
hemagglutinating, tumorstatic, mitogenic, and bac-  gastroenteritis. The first type is rice-water diarrhea.
teriostatic activities (Lange et al., 1997). The cyto-  The other type is dysenteric gastroenteritis, which
lytic components secreted by coelomocytes into the ~ causes loose stools filled with blood and mucus.
coelomic cavity are of particular interest in view of ~ Aeromonas hydrophila also causes diseases such
as myonecrosis and eczema in people with com-
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promised or suppressed immune systems (Janda
and Abbott, 1998). In very rare cases it can cause
necrotizing fasciitis (Minnaganti et al., 2000). Aer-
omonas hydrophila is proved to be an earthworm
pathogenic bacterium, especially to Eisenia fetida
(Lassegues et al., 1989). Pseudomonas luteola is
a saprophyte. It is an opportunistic pathogen that
particularly affects patients with health disorders.
Most reported cases showed septicemia, meningi-
tis, endocarditis or peritonitis (Chihab et al., 2004).
Gershman et al. (2008) reported that Pseudomo-
nas fluorescens is an unusual cause of disease in
humans, and usually affects patients with compro-
mised immune systems (e.g., patients on cancer
treatment).

Herpes simplex virus type 2 (HSV-2) is a
sexually transmitted pathogen that infects more
than 500 million people worldwide and causes an
estimated 23 million new infections each year. It
is predominantly associated with genital infection
(Johnston et al., 2011).

The aim of our study was to investigate the
antiviral and antibacterial potential of the coelomic
fluid from earthworms Aporrectodea rosea, Eisenia
fetida, Lumbricus terrestris and Octolasion lacteum
against Gram-negative bacteria strains: Aeromonas
hydrophila, Pseudomonas fluorescens and Pseu-
domonas luteola, and the human pathogen Herpes
simplex virus #ype 2 (genital herpes).

Materials and methods
Collection area

The field investigations were carried out
during the spring of 2015 in Leached Vertisols
(Bozhurishte, Bulgaria). Earthworms were collect-
ed by digging and hand-sorting. Four lumbricid
species were found: Aporrectodea rosea (Savigny,
1826), Eisenia fetida (Savigny, 1826), Lumbricus
terrestris (Linnaeus, 1758) and Octolasion lacteum
(Orley, 1881).
Coelomic fluid sampling

The earthworms were washed in running
distilled water. They were placed on filter paper to
remove excess water droplets and were taken into
a glass petri dish. The lumbricids were induced
to extrude coelomic fluid through the epidermal
dorsal pores by 5 V electric stimulation. Then the
stimulated earthworms in petri dishes were rinsed
with pH 6.8 phosphate-buffered saline (PBS). The
collected coelomic fluid containing PBS was cen-
trifuged at 5000 rpm for 10 minutes to sediment
coelomocytes and particulate materials. The super-
natant was carefully removed and filter sterilized
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through 0.2 pm (pore size) syringe filter. The fil-
trate of the coelomic fluid that was free from any
suspended cells or coelomocytes (CF) was stored
in aliquots at -20°C for subsequent use.
Antibacterial assay

The strains used for determining antimicro-
bial activity included soil pathogen bacteria: Aer-
omonas hydrophila, Pseudomonas fluorescens and
Pseudomonas luteola obtained from the Depart-
ment of Soil Microbiology, Institute of Soil Sci-
ence, Agrotechnologies and Plant Protection “N.
Poushkarov”, Sofia, Bulgaria. Bacterial cells were
inoculated in nutrient agar with a final concentra-
tion of 10® colony-forming units/mL on a 90-mm
Petri dish. After the top agar hardened, it was placed
on sterilized blotting paper (about 7 mm in diame-
ter), free from any antibacterial activity, and was
impregnated with 20 pL of the earthworm coelomic
fluid to be tested and placed on agar dishes inocu-
lated with one bacterial strain. The dishes were in-
cubated overnight at 28°C. Control tests were per-
formed with papers impregnated with sterile saline
solution (0.9% NaCl). Antimicrobial activity was
determined by observing the zone of suppression of
bacterial growth around the 7-mm papers.

Cells and viruses

In the study MDBK (Madine and Darby bo-
vine kidney) cells were used, grown in Dulbecco s
Modified Eagle Medium (DMEM) supplemented
with 10% fetal calf serum (FCS) (with Gentamycin
8 pg/ml and 10 mM HEPES buffer). The mainte-
nance medium contained fetal calf serum with re-
duced concentration of 2.5%.

This study employed the BA strain of HSV-2.
The virus was propagated in MDBK cells and stored
at -70°C until used. The virus titer was determined
by cytopathic effect (CPE) assay using the method
of Reed and Muench (Reed and Muench, 1938) and
plaque assay (Dulbecco, 1952) in MDBK.

Cell toxicity

The coelomic fluid of the collected earth-
worm species was twice diluted in maintenance
media just before the experiments (ex fempore).
The concentration of the coelomic fluid is present-
ed as a percent (%) in each dilution.

Cell toxicity was monitored by determining
the effect of the studied materials from the explored
earthworm species on cell morphology and cell vi-
ability. The morphology of the cells was inspected
daily and observed for microscopically detectable
alterations, i.e. loss of monolayer, rounding, shrink-
ing of cells, granulation, vacuolisation in the cyto-
plasm. Cell viability was determined by a colori-



metric method (MTT assay) (Mosmann, 1983). It is
based on the reduction of MTT [3-(4, 5-dimethylth-
iazol-20l)-2,5diphenyltetrazolium bromide), Sigma
Chem., Co. St. Louis, USA], by the mitochondrial
enzyme succinate dehydrogenase of the viable cells,
which develops a formazan blue colour product.
Confluent monolayers of MDBK cells in 96-well
plates were overlaid with 0.1 ml/well maintenance
medium supplemented with 2.5% FCS (with Gen-
tamycin 8 pg/ml and 10 mM HEPES buffer), 0.1
ml/well of the dilutions of the obtained coelomic
fluid (3 well/dilution) and were incubated at 37°C
for 48 h. Minimum 3 wells in the plate were used as
controls and were not inoculated (only maintenance
medium was added). On the second day, 20 ul of
MTT (5 mg/ml in phosphate buffered saline (PBS))
was added to each cell; the monolayers were incu-
bated for 3—4 h at 37°C. The resulting formazan
precipitate was dissolved in dimethyl sulfoxide
(DMSO). After a few minutes at room temperature
to ensure that all crystals were dissolved, the opti-
cal densities (OD) were determined by Multiscan
MX plate reader with a 540 nm. The percentage of
viable treated cells was calculated in relation to the
untreated controls:

[(OD)exp.)/(ODcell control)] x 100, where
(ODeXp') wa (OD_ ) indicate the absorbencies
of the test sample and the cell control, respective-
ly. The 50% cytotoxicity concentration (CC, ) was
determined as the test compound concentration re-
quired for reduction of cell viability by 50%.
Virucidal assay

The direct virus inactivating effect of the
studied materials was tested by a direct contact as-
say. Undiluted stock virus suspensions were treat-
ed with equal volumes of the coelomic fluid MNC
(maximal nontoxic concentration), prepared in
DMEM supplemented with 2.5% FCS and incubat-
ed at 37°C for 5°, 15°, 30°, 60°, 120°, 240’ and 360’
(in an eppendorf tube). Compound free DMEM,
supplemented with 2.5% FCS, was used for viral
control. At the end of each time interval, the control
and the treated viruses were frozen, and the differ-
ence in the biological activities between them was
determined on the basis of infectivity. The surviv-
ing infectious virus titers were determined using the
method of Reed and Muench (Reed and Muench,
1938).

Cell protection assay

A modification of an MTT assay developed
for screening anti-HSV compounds (Takeuchi et
al., 1991) wasused. Confluent monolayers in 96-
well plates were overlaid with 0.1 ml/well of virus
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suspension (low multiplicity of infection (MOI)
100 TCID |, (tissue culture infectious dose)/well,
0.0039 PFU (plaque forming unit)/cell). The plates
were incubated for 1 hour at 37°C for virus adsorp-
tion and dilutions of the obtained coelomic fluid.
Maintenance media were added for virus control.
Uninoculated cells were used for cell control. On
the fifth day, 20 pl of MTT (5 mg/ml in PBS) was
added to each well and the monolayers were incu-
bated for 3—4 h at 37°C. The medium with MTT
was removed and the resulting formazan precipi-
tate was dissolved in DMSO. The extinctions were
determined at A=540 nm. The percentage of pro-
tection was calculated by the following formula:
[(ODcxp.)'(ODvirus control)/ (ODccll control)_(ODvirus control)] x100,
where (OD, ), (OD,  ...)» and (OD_, . ) indicate
the absorbencies of the test sample, the virus con-
trol and the cell control, respectively.

Results
Cellular toxicity

The coelomic fluid obtained from the collect-
ed earthworm species was applied in concentrations
ranging from 0.39 % to 25 %. Coelomic fluid
from three of the lumbricid species Aporrectodea
rosea (Savigny, 1826), Lumbricus terrestris (Lin-
naeus, 1758) and Octolasion lacteum (Orley, 1881)
showed no visual change in the cell monolayer in-
tegrity (daily microscopic observation) or any dif-
ference in viability of the treated cells and controls,
even in the lower dilutions (25%). Unlike them, the
studied material from Eisenia fetida (Savigny,
1826) behaved in a different way (Fig. 1).
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Fig. 1. Toxicity of coelomic fluid from Eisenia
fetida against MDBK cell line



It shows toxicity against MDBK cell line in
a dose-dependent manner. According to the MTT
test, cell viability was very low in a concentration
range between 25 % and 6.25 %. Cells reached 50
% viability (cytotoxic concentration 50 (CC, ) at a
concentration of 4.57% of coelomic fluid.
Antiviral activity of coelomic fluid
Virucidal activity

For more complete understanding, we tested
the direct virus inactivating effect against HSV-2,
strain BA of the obtained coelomic fluid from all
collected earthworm species by direct contact as-
say. Undiluted stock virus suspensions were treated
with equal volumes of studied materials in MNC
for different time intervals. Unfortunately, we ob-
tained for none of the coelomic fluid from each
earthworm species change in titer of the treated vi-
rus on virus control (no virucidal activity for any of
the time intervals).

provement of cell viability of infected and treated
cells in comparison with virus controls was mea-
sured).
Antibacterial function of coelomic fluid

The observations with coelomic fluid of
earthworm species: Aporrectodea rosea, Lumbricus
terrestris and Octolasion lacteum showed that they
do not have cytolytic or antibacterial activity. Only
the coelomic fluid of Eisenia fetida affects micro-
bial growth. Three bacteria strains were involved
in the experiment. The inhibitory effect against Ae-
romonas hydrophila was the largest, with a 17 mm
average diameter. Similar results were obtained for
bacteria strains from genus Pseudomonas. Pseu-
domonas luteola has inhibition zone of 11.66 mm
and Pseudomonas fluorescens with 11 mm (Fig. 2).
The Eisenia fetida coelomic fluid has a bacteriostat-
ic effect on the studied pathogenic microorganisms.

Diameter of antibacterial circle (mm)

leromonas lyvdrophifa

Psendomonas
Sinorescens

Pseudomonas Inteola

Fig.

Cell protection activity

The antiviral potential of the coelomic fluids
against the replication of HSV-2 strain BA was test-
ed. The obtained coelomic fluid from three of the
earthworm species Aporrectodea rosea (Savigny,
1826), Lumbricus terrestris (Linnaeus, 1758) and
Octolasion lacteum (Orley, 1881) was applied in
concentrations ranging from 25 % (corresponding
to their MNC) to 0.39 %. The obtained materials
from the forth of the earthworm species Eisenia fet-
ida (Savigny, 1826) was applied in concentrations
ranging from 1.56 % (corresponding to its MNC)
to 0.097 %. Unfortunately, no antiviral activity was
found according to the modified MTT assay (no im-
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2. Antibacterial activity of coelomic fluid of Eisenia fetida

Discussion

Few studies have revealed antibacterial ac-
tivity of earthworm extract to Pseudomonas aeru-
ginosa and Pseudomonas pyocyanea (Liu et al.,
2004; Wang et al., 2007). To our knowledge, the
current paper is the first exploration of the effect of
earthworm extract against Gram-negative bacteria
Pseudomonas fluorescens. The coelomic fluid of
the earthworm Eisenia fetida (Oligochaeta, Lum-
bricidae) was demonstrated to possess antimicro-
bial activity directed against earthworm pathogenic
bacteria Aeromonas hydrophila (Lassegues et al.,
1989; Valembois et al., 1982). Antibacterial effect
of Dendrobaena veneta (Oligochaeta, Lumbrici-



dae) on Pseudomonas luteola was observed by Ar-
slan-Aydogdu and Cotuk (2008). Until now, only
few research papers regarding the antiviral activity
of coelomic fluid from earthworm have been pub-
lished. Lui et al. (2008; 2012) demonstrated antivi-
ral effect against influenza and adeno viruses.

Our research revealed that only the coelom-
ic fluid secreted from the dorsal pores of epigeic
earthworm FEisenia fetida has bactericidal activi-
ties. The results indicated that the studied materi-
als can affect the growth of Gram-negative bacteria
from genus Aeromonas and Pseudomonas and the
effect is bacteriostatic.

The antiviral experiments involved investi-
gation of the cellular toxicity of the coelomic flu-
id of four earthworm species against the cell line
used. Only the studied material from Eisenia
fetida affected cell growth. Microscopic observa-
tion of the cell monolayer one hour after adding
the dilutions of the coelomic fluid revealed chang-
es in the monolayer integrity and cell morpholo-
gy. This means that toxicity develops quickly and
is probably connected with the disturbance of the
cell membrane integrity and functions. Presumably,
this quickly developing toxicity is due to proteins
capable of forming pores into the membrane, such
as lysenin (Sekizawa et al., 1996) and eiseniapore
(Lange et al., 1997). Unfortunately, no activity
against the replication of Herpes simplex virus type
2 (genital herpes) or its extracellular forms (viru-
cidal activity) was observed.

Unlike vertebrates, earthworms lack real an-
ti-bodies and efficient innate immune systems to
defend themselves against invading foreign mate-
rials (Wang et al., 2007). So, the coelomic fluid of
Eisenia fetida plays a very important role in anti-
bacterial defense (Valembois et al., 1982). Coelom-
ic fliud has various metabolic complements, which
inhibit the growth of potent worm pathogenic bac-
teria (Lassegues et al., 1989).

Further studies are required to estimate the
mechanism of action of coelomic fluid on bacteria,
viruses and eucariotic cells. Proper utilization of
active peptide components of coelomic fluid may
lead to discovery of a new way to manage bacterial
or tumor cells growth.
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Inhibiting Effect of Growth Regulators on Plant Viruses
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Abstract

The effect of the growth regulator B—monomethyl ester of itaconic acid (MEIA) on two economically
important viruses, namely tomato spotted wilt virus (TSWV) and tomato mosaic virus (ToMV), was studied
in tomato cultivars. Tomato plants of Keti and VK1 lines were infected separately with each virus: Keti
with TSWV and ToMV, and VK1 with TSWYV, respectively. The tomato plants were treated with MEIA in a
concentration of 5x10* M after inoculation with TSWYV in one variant, and with ToMV in another.

An inhibiting effect was established on both viruses — TSWV and ToMV, when the tomato plants
were infected and after that sprayed with MEIA solution. These initial results are a good reason to continue
with the studies both for the establishment of the effect of growth regulators (MEIA in particular) on virus
pathogens and the physiological indexes that prove the decrease in stress and injuries on tomato plants with
virus diseases after treatment with MEIA.

Key words: growth regulator, inhibiting effect, TSWV, ToMV.

Pesrome

W3cnensan e epeKThT Ha pacTeXeH PErynarop - B—MOHOMETWIIOB €CTep Ha MTAKOHOBaTa KUCEIMHA
(MEUK), BbpXy /1Ba HIKOHOMHUYECKH BayKHH 3 JIOMAaTUTE BUPYCU: Ha JoMaTeHara OpoH30BOCT (tomato spotted
wilt virus-TSWYV) u Ha nomareHara mo3aiika (tomato mosaic virus - ToMV). Jlomareru pacTeHusI OT TUHUUTE
Ketu u VK1 0s1xa nndpexTrpanu nmootaenHo ¢ Bceku oT Bupycute cborBeTHO Ketri c TSWV nToMVa VK 1 ¢
TSWV. Cnen undexrupane B equs Bapuant ¢ TSWV u B apyr Bapuant ¢ ToMV, nomarenute pacteHus 6sxa
tperuparu ¢ MEUK B konterTpanus 5x10 M.

Nuxubupam edexrt Oe ycraHoBeH 1 BbpXyY 1Bara Bupyca— TSWV uToMV nipu nH}ekTHpane Ha JOMaTeHN
pacteHus U cief ToBa npbekane ¢ pa3rBop Ha MEUK. Te3u mbpBoHaYallHM pe3ynTaTH JaBaT OCHOBAHUE J1a
MPOIBIDKAT U3CIIEIBAHMATA HE CaMO 32 yCTaHOBsIBaHE €(peKTa Ha pacTEKHH perynaTopu (B yactHocT Ha MEMK)
BbpPXY BUPYCHHM IaTOT€HM, HO U 3a YCTAHOBSIBAaHE Ha (PM3HOJIOTUYHY MapaMeTpH, JOKa3Ballld HaMassiBaHe Ha
CTpeca U MOBPEAUTE MPU BUPYCHO OOJTHU JJOMAaTeHU pacTeHus ciel Tpetupanero um ¢ MEMK.

Introduction

Tomato spotted wilt virus (TSWYV), Bunyavi-  wilt and tomato mosaic. This is especially import-
ridae family, Tospovirus genus and tomato mosaic  ant for greenhouse production, where the smaller
virus (ToMV), Virgaviridae family, Tobamovirus  area will make the treatments economically profit-
genus cause yield reduction and deteriorate the  able vs. field tomato growing. The inhibitors are an-
quality of field and greenhouse-grown tomatoes.  tiviral substances that suppress or fully impede the
(Dikova, 2014a). The inhibition (full or partial  replication of the viruses and the external manifes-
suppression of virus multiplication, transport and  tation of the symptoms. These substances include

activity in the host plants) with chemical resourc-  growth regulators and substances originating from
es acting, simultaneously as growth regulators is a  different organisms (antibiotics, enzymes, antisera)
perspective approach to the control of economical-  or higher plants (Kovachevsky et al., 1995). There

ly important viral diseases, such as tomato spotted  are data on the inhibiting effect of fennel and lav-
ender essential oils on plant viruse when used at a

*Corresponding author: e-mail: b.dikova@abv.bg;
eli_viki@abv.bg
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dilution of 3000 ppm (Shukla et al., 1989; Dikova,
2014b). Extracts of different plants, such as Plec-
tranthus tenuiflorus, had antiphytoviral activity to
TSWYV, which can be attacked in vitro. When this
extract was mixed with the virus inoculum for three
hours, it inhibited the local lesion development in
the indicator plant Chenopodium amaranticolor by
100 % (Othman et al., 2004).

Phytohormones have been used to control
some viral and phytoplasma diseases. For exam-
ple, the treatment with kinetin before or right after
inoculation with some plant viruses decreased vi-
ral multiplication and the intensity of symptoms in
local infection and delayed plant perishing in sys-
temic infection. For the time being, only gibberellin
acid is used for the restriction of the Sour cherry
yellows virus infection on cherry in field conditions
(Stancheva, 2004).

MEIA is a growth regulator with a wide
spectrum of activity, which increases the yield and
improves the quality of various economically im-
portant crops. This compound with low toxicity
is a derivative of naturally occurring plant metab-
olites. It is known that applied on cereals and le-
guminous, MEIA leads to a decrease in stress and
injuries caused by abiotic and biotic stress factors.
MEIA reduces the negative effect of some herbi-
cides (Karanov et al., 2001), induces systemic ac-
quired resistance (SAR) in tomato plants (Lycoper-
sicon esculentum L.) against a tomato mosaic virus
(ToMV) (Krezhova et al., 2010).

The objective of the study was to establish
the effect of the growth regulator MEIA on tomato
plants infected with two pathogenic plant viruses
typical of tomatoes.

Material and Methods

The investigations were carried out on two
tomato genotypes characterized by different ex-
pression of anthocyanins in plant vegetative parts.
VK1 is a non- anthocyanin line, while Keti has high
anthocyanin content in all plant parts (Fig. 1).

We used the growth regulator f—monomethyl
ester of itaconic acid (MEIA) in the trial for TSWV
and ToMV inhibition. The stimulating effect of
MEIA, which is a derivative of carboxylic acids,
was proved on healthy tomato plants parallel to the
trials for the establishment of the inhibiting effect
on viruses. MEIA was applied after infecting the
plants with TSWYV in one variant, and with ToMV
in the other. The plants were treated at the 3"to 5™
real leaf stage with MEIA solution in a concentra-
tion of 5.10* M with an addition of Tween 80 0.05
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Fig. 1. a) line VK 1 ; b) line Keti

% v/v tap water solution. Control plants were treat-
ed with Tween 80 0.05 % v/v tap water solution
only.

TSWYV infection was done by artificial me-
chanic inoculation with infectious material of pep-
per isolate of the same virus, replicated in tobacco
plants — Nicotiana tabacum cv. Samsun NN. The
trial was carried out with tomato seedlings, natural-
ly infected with ToMV, probably by transmission
of the virus with seeds of the Keti line. We used
virus-carrier seedlings without mechanical inocula-
tion with ToMV and after that treated with MEIA
the tomato plants which manifested symptoms. The
tests for establishing the inhibiting effect of MEIA
on TSWV and ToMV were carried out by the se-
rological method DAS-ELISA according to Clark
and Adams (1977). Tomato plants of lines VK1
and Keti were analyzed in the following variants:
1. Healthy plants (negative controls for TSWV and
ToMV); 2. Plants infected with TSWV and ToMV
(positive controls for TSWV and ToMV); 3. Plants
treated with MEIA; 4. Plants infected with TSWV
or ToMV and subsequent treatment with MEIA. All
trials for artificial inoculation of the tomato plants
and the positive controls for both viruses were car-
ried out according to Noordam (1973).

Results

The damages caused by TSWV and ToMV
affected the shelf appeal of the fruits picked from
the infected plants (Fig. 2a and 2b).

The growth regulator MEIA had a stimulat-
ing effect when applied on healthy non-infected
tomato plants (Fig. 3, right). The leaves of the treat-
ed plants, compared to healthy non-infected and
not treated with MEIA controls were larger and of
darker green color (Fig. 3).



a)

b)

Fig. 2. Damages, caused by plant viruses on tomato fruits
a) - chlorotic concentric spots, caused by TSWV
b) - necrotic figures, caused by mixed TSWV and ToMV infection

Fig. 3. Effect of the growth regulator MEIA on
tomato line VK1

Left - leaf of a tomato plant not infected with
TSWV or ToMV and not treated with MEIA

Right - leaf of a tomato plant not infected with
TSWYV or ToMV but treated with MEIA

We established the inhibiting effect of MEIA
on TSWV (Fig. 4 and 5) and ToMV (Fig. 6) by
comparing the optical density values (the extinction
values of samples from all tested tomato plants).

The inhibiting effect on TSWV was manifest-
ed in VK1 and Keti line, and on ToMV — in Keti,
when the infected plants were treated with MEIA
in a concentration of 5x10*M. The average extinc-
tion values of TSWV and ToMV infected tomato
plants treated later with MEIA in a concentration
of 5x10*M did not exceed the values of the healthy
plants more than 2.5 times (threshold value), there-
fore, they were not virus carriers. This phenomenon
could be due to the effect of the growth regulators
(Figures 4, 5 and 6). The values of the virus infect-
ed plants were manyfold higher than those infected
and afterwards treated with MEIA. The viral con-
centration of TSWV and ToMV during the vegeta-
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Fig. 4. Effect of TSWV infection and MEIA
treatment on VK1 tomato line

On ordinate — Optical density (average extinction
values for TSWV of tomato plants of the separate
variants)

On abscissa — variants: 1. Healthy plants; 2. TSWV
infected plants; 3. Plants treated with MEIA; 4.
TSWYV infected + MEIA treated plants
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Fig. 5. Effect of TSWV infection and MEIA
treatment on tomatoes cv. Keti
On ordinate — Optical density (average extinction
values of TSWV infected tomato plants for the
separate variants)
On abscissa — Variants: 1. Healthy plants; 2. TSWV
infected plants; 3. Plants treated with MEIA; 4.
TSWYV infected + MEIA treated plants
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Fig. 6. Effect of ToMV infection and MEIA
treatment on tomato line Keti

On ordinate — Optical density (average extinction
values of ToMV infected tomato plants for the
separate variants)

On abscissa — Variants: 1. Healthy plants; 2. ToMV
infected test plants from the species Nicotiana
tabacum cv. Samsun; 3. ToMV infected + MEIA
treated plants from 03.09.2015; 4. ToMV infected
+ MEIA treated plants from 17.09.2015

tive period could be reduced with MEIA treatment.
The results were encouraging to continue the inves-
tigations in view of decreasing the damages caused
by TSWYV and ToMV on the vegetative parts of to-
mato plants and their fruit, and guaranteeing a high-
er quality produce.

Discussion

It was found that anthocyanins had a protec-
tive effect with regard to abiotic and biotic stress
(Krezhova et al., 2010). There were no statistically
significant differences in terms of virus inhibition
both in the anthocyanin line and the one without
anthocyanin. It is known that MEIA, applied to-
gether with herbicides with a different mechanism
of action, can decrease the herbicide rate by half
and still maintain its effect. Thus MEIA has a pro-
tective effect on mono-and dicotyledonous cultivat-
ed plants (Karanov et al., 2010). The initial results
gave a good reason to continue with the studies in
order to establish the physiological parameters that
prove the reduction of stress in virus infected toma-
to plants, following the treatment with MEIA.
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Conclusion

B—Monomethyl ester of itaconic acid (MEIA)
used as a growth regulator had an inhibiting effect
on two mostcommon viral pathogens on tomato: to-
mato spotted wilt virus (TSWV) and tomato mosaic
virus (ToMV). It is necessary to conduct a future
detailed study on the mechanisms of the protection
effect. The use of MEIA growth regulator as a plant
virus inhibiting tool accounts for efficient control
aiming at regulating biotic stress in plants. Com-
bined with the reduction of the harmful effect of
herbicides, it may become very important for the
overall protection of plants and the environment.
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WORDS ON THE LIFE AND WORK OF
PROF. DR. PETER ANDONOV

Prof. Dr. Petar Andonov Stoynev was born
in 1919 in the hamlet of Gorno Uyno, Kyustendil
region. His remarkable life is a vivid example of
how a poor peasant boy attained the highest levels
of achievement in public health and science. Hope-
fully, his story will become an incentive for young
people who, through hard work, perseverance and
dedication, can achieve high goals.

Prof. Andonov’s merits for the development
of Bulgarian virology are indisputable. In 1957,
having successfully defended a thesis in Moscow
and ignoring the tempting offers for a career, he re-
turned to Bulgaria. In 1958, the Ministry of Health
entrusted him with organizing a separate Depart-
ment of Virology at the Scientific Institute of Epi-
demiology and Microbiology (NIEM). Initially, the
Department comprised the existing influenza, en-
teroviruses, smallpox and rabies laboratories, and
the unit of electron microscopy, located in the main
building. Shortly, new collaborators were recruited
for the new units for hepatitis, cell cultures, echo
and coxsackie viruses. Soon afterward, in 1960, the
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team was reinforced with the arrival of new mem-
bers, and more laboratories were built and equipped
for respiratory viruses, biochemistry and physiol-
ogy of viruses, measles and mumps. The facilities
of the former Anti-Plague Institute were assigned
for the needs of the Department of Virology. At the
time, the existing premises were only few - former
stables adapted into several primitive laboratories
by the collaborators themselves. Every week the
team would meet to discuss the work in each of
the laboratories and share scientific news. In warm
weather, discussions were held in the courtyard un-
der a blooming chestnut-tree, or in a wooden shack
in the cooler seasons.

As early as 1956, Prof. Andonov managed to
convince the leadership of the Ministry of Health of
the need of a new building. His dream was materi-
alized within a short term with the construction of
the Department of Virology at 44-a Stoletov Boule-
vard. Later, after the onset of the AIDS problem,
another special building was erected in the yard of
the institute.

Owing to the efforts of Prof. Andonov, a
network for epidemiological prophylaxis and pre-
vention was created in Bulgaria. On his initiative,
sanitary-epidemiological stations were set up in the
major cities, which were specialized units for viro-
logical investigations.

The elected Specialized Council of Virology
at the Higher Attestation Commission under the
chairmanship of Prof. Andonov had an important
role. In 1962, Prof. Andonov was invited to organize
a course in virology at the Faculty of Biology, Sofia
State University, and was elected professor of
virology. The faculty became the source of young
new specialists. Thus, Prof. Andonov successfully
secured sources of both virology specialists and
scientific potential, which took Bulgarian virology
to a leading position in Eastern Europe.

In view of his outstanding qualities, the state
assigned Prof. Andonov with a number of impor-
tant positions: Deputy Chairman of the Medical
Academy, Deputy Minister, Rector of the Medical
University, Editor-In-Chief of Zdraven Front news-
paper, and other responsible posts. Deservedly, for
his successful work he was awarded with the high-
est state and academic titles.



Prof. Andonov’s prolific and productive or-
ganizational experience, however, does not come
short of his qualities of a scholar, which won him
international prestige. He gained recognition by be-
coming member of a number of committees of the
WHO, including the International Committee on
Taxonomy of Viruses. Prof. Andonov has taken part
in many international events and editorial boards
of leading academic journals. His active research
work was published in more than 200 articles and
reviews. He is the author of the first Textbook of
General Virology. Prof. Andonov is author, co-au-
thor and consultant to many major achievements
of other members of the Department of Virology,
and of more than 15 patents and inventions. The
main directions of his extensive research focused
on the prophylaxis, diagnosis and treatment of viral
pathologies in Bulgaria. New methods were imple-
mented fairly quickly in the Department. In most
cases, teams worked hard under his leadership on
the development of vaccines and therapeutic agents.

Based on original methodology, the team An-
donov, Dundarov and Bakalov started the prepara-
tion of antiherpes type 1 and 2 vaccines, which by
far outperform all other antiherpes vaccines. They
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became the only commercialized vaccines in the
world, used widely with great interest abroad. Ow-
ing to them and the efficient drug PANDAVIR, the
lives of many new-born babies was saved, as well
as the sight of hundreds of patients and thousands
of patients with severe forms of genital, labial and
skin herpes.

It is worth mentioning that the vaccines, di-
agnostic and therapeutic agents produced over the
years in the Department of Virology contributed to
the low morbidity and mortality rates. In that re-
spect, Bulgaria was held up as a positive example
to most countries in the world.

This enormous and fruitful work was covered
in thousands of national and foreign journals and
was popularized at local and international events.

The year 2018 will mark the 70™ anniversary
of the Department of Virology at the National Cen-
tre of Infectious and Parasitic Diseases, an event
which we hope will receive well-deserved recog-
nition and the role of Prof. Andonov will be highly
appreciated.

Prof. Stefan Dundarov, MD, DSc
Prof. Hristo Odysseev, MD, DSc
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Fourth National Congress of Virology with International Participation
Days of Virology in Bulgaria

The Fourth National Congress of Virology with international participation, also known as Days of
Virology in Bulgaria, was held from 18 to 20 May 2016 in the Great Hall of the Bulgarian Academy of
Sciences. The event was organized by the Bulgarian Society for Microbiology at the Union of Scientists
in Bulgaria. This major scientific forum was chaired by Academician Angel Galabov, world-renowned
virologist. A total of 50 research papers were presented, devoted to the latest advances in the field of med-
ical, veterinary and plant virology. Eminent scholars such as Prof. Francis Delpeyroux from France, Prof.
Istvan Tobias from Hungary, Prof. Anna Papa from Greece, Prof. Rajarshi Gaur from India attended the
congress. Bulgarian virologists were represented by the teams of Academician Angel Galabov and Prof. Ta-
tiana Cherveniakova, Prof. Radka Argirova, Assoc. Prof. Anthony Stoev, Assoc. Prof. Bistra Dikova, Prof.
Raiko Peshev, and many others. The scientific forum ended with a round table discussion on “Training in

virology at universities”.

The Fourth National Congress of Virolo-
gy with international participation, also known as
Days of Virology in Bulgaria, was held from 18
to 20 May 2016 in the Great Hall of the Bulgarian
Academy of Sciences. The event was organized by
the Bulgarian Society for Microbiology at the Un-
ion of Scientists in Bulgaria. Chairman of the major
scientific forum was the world-renowned virologist
Academician Angel Galabov.

In his opening speech, Academician Galabov
emphasized that “We are happy to be able to get
together and discuss our pursuits and achievements
in the field of virology in the period after the Third
Congress in 2012. We are now going to hear about
recent scientific advancement in Europe, Asia, the
Balkan region, and Bulgaria, of course, as well dis-
cuss current issues relating to the teaching of virol-
ogy.” Academician Galabov presented the journal
Acta Microbiologica Bulgarica, issued by the Bul-
garian Microbiology Society. The journal covers
the latest advances in all branches of microbiology,
and its current issue is dedicated to the Fourth Con-
gress of Virology.

At the opening of this important scientific
event, Hristo Naidenski, a corresponding member
and director of the Stephan Angeloff Institute of
Microbiology at the Bulgarian Academy of Scienc-
es, also addressed the congress participants by fo-
cusing their attention to the main themes of the ple-
nary papers, scientific communications and posters,
which featured the latest problems of general, med-
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ical, veterinary and plant virology. Mr. Naydenski
wished the participants of the Congress productive
and beneficial work, both for science and society.

Successful days for virology in Bulgaria were
wished by Prof. Paskal Zhelyazkov, director of the
National Diagnostic and Research Veterinary Insti-
tute “Prof. Dr. Georgi Pavlov” in Sofia. Prof. Zhe-
liazkov said that despite the financial constraints
on Bulgarian science, the specialists at the institute
headed by him strive to maintain the highest levels
of competence in their work and be among the first
in the combat against infectious diseases, trying to
work to the benefit of society.

The prelude to the forum presentations end-
ed with an exciting speech given by Academician
Angel Galabov, dedicated to the work of 97-year-
old Professor Petar Andonov, whose merits for the
development of medical virology and training in vi-
rology in the Faculty of Biology of Sofia University
are significant and worthy of deep respect.

In the remote 1958, Prof. Andonov organ-
ized a separate Department of Virology at the pres-
ent-day National Centre of Infectious and Parasitic
Diseases. On his initiative, hygienic epidemic sta-
tions (HES) were founded in the major cities, with
specialized units for virological investigations. It
was him who set up and chaired the Specialized Sci-
entific Council of Virology at the Higher Attestation
Commission. In 1962, Prof. Andonov introduced a
course in virology in the Department of Biology,
Sofia University, making this research unit a hotbed



for young virologists. Over the years he held many
responsible positions: Deputy Minister of Public
Health, Deputy Chairman of the Medical Academy,
Rector of the Medical University, editor-in-chief of
the journal “Health Front”. For his scientific con-
tributions Prof. Andonov gained international ac-
claim, sat on many committees of the World Health
Organization, including the International Commis-
sion on Taxonomy of Viruses. He authored the first
Textbook on General Virology, as well as more than
200 scientific articles and reviews. He co-authored
over 15 scientific inventions. Today, despite his
venerable age, Prof. Petar Andonov continues to be
vividly interested in innovations in his area of spe-
ciality, including the present scientific meeting of
eminent virologists from Europe and Asia.

The first plenary lecture at the congress was
delivered by Assoc. Prof. Nikolai Petrov, virologist
from the Institute of Soil Science, Agrotechnolo-
gies and Plant Protection ‘“Nikola Poushkarov” at
the Agricultural Academy and the Institute of Mi-
crobiology “Stephan Angeloff” at the Bulgarian
Academy of Sciences. Assoc. Prof. Petrov present-
ed the role of the so-called small interfering RNA
in the fight against human enteroviral infections.
He shed light on the defence mechanism of gene
silencing - a process in which gene expression is
blocked. Each organism is composed of genes (he-
redity carriers) which are programmed so that cer-
tain features become expressed at a certain time of
development of the organism. This process occurs
gradually, with some genes being blocked, while
others are not. When it is time for a gene to be ex-
pressed, gene silencing does not kick in. Scientists
seek to use this normally functioning mechanism in
organisms for a variety of purposes. One of them
is to block genes of pathogenic viruses (causing
diseases). Thus, the virus cannot develop and is
prevented from invading the body. When tumours
develop, the virus could again be blocked by means
of gene silencing, thus suppressing its expression.
In drug tests, it is possible to block certain genes,
one at a time, and thus determine at what stage of
development, on which gene, a specific drug will
act. This is the path of finding new applications
for different drugs. Currently, researchers are close
to solving the problem of blocking the human im-
munodeficiency virus (HIV) by the mechanism of
gene silencing.

One of the papers relating to this mechanism
was delivered by Prof. Rajarshi Gaur from India,
who presented the results of his team’s studies on
begomoviruses responsible for the reduced yields
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of a number of vegetables in the world, leading to
significant economic losses. The data quoted by
Prof. Gaur show that begomoviruses are expanding
their host range. Therefore, researchers seek to find
an efficient way of resistance to the viral invasion.
This is the aim of the gene silencing strategy de-
veloped in India, which may be used for control of
begomoviral symptoms in plants. “This problem is
very important not only for India but also for Eu-
rope. We are working on a joint project with Dr.
Nikolai Petrov and are preparing a book authored
by specialists from around the world. In Bulgaria
the book will come out in July this year - under-
lined Prof.Gaur. - It is a book about the origins and
history of plant viruses, about which crops become
infected and how farmers can fight plant diseases,
ensuring their protection by means of various tech-
nologies”.

Special interest provoked the paper of Prof.
Istvan Tobias from Hungary, which reviewed the
periodic appearance of the virus causing tomato
spotted wilt (TSWV). The fight against that vi-
rus initially involved insecticides and insect traps
against thrips carrying the infection. Later on, it
also included attacks against weeds that are hosts
for the virus. Then, a resistance gene to this particu-
lar virus was introduced in some varieties of pepper.
However, sporadically in 2010, then more frequent-
ly in 2012, the resistance seemed to be overcome
by a strain of the same virus. “In Hungary, tomato
and pepper production is extremely important for
the country, said Prof. Toébids. That is why we are
looking for ways to deal with the virus. The aim of
our research work is to find new sources of genetic
resistance in tomatoes and peppers”.

The question of plant resistance against ag-
gressive phytopathogenic viruses was examined
from various angles in a series of scientific com-
munications by renowned specialists. Assoc. Prof.
Bistra Dikova of the Institute of Soil Science, Agro-
technologies and Plant Protection presented the
spread of cucumber mosaic virus and the diseases
it causes in aromatic medicinal plants with have
promising perspectives for essential oil extraction.
Her main recommendation was that special atten-
tion should be paid to the damage to plants caused
by the cucumber mosaic virus. Assoc. Prof. Antoni
Stoev from the same institute discussed some pe-
culiarities of viral plant diseases that are of impor-
tance to agro-ecosystems. In his view, the extent
of damage in plants depends both on the aggres-
siveness of the viruses and on the possible stress
on the environment. “We cannot destroy viruses but



we must learn to coexist with them”, emphasized
Assoc. Prof. Stoev, quoting the founder of plant vi-
rology in Bulgaria, Prof. Dr. Dimitar Atanasov.

Another large group of papers dealt with vi-
ral aggression in animals, leading to diseases that
have a significant economic importance, as well as
diseases dangerous to humans: infectious bovine
rhinotracheitis; mucosal disease; chlamydia; rick-
ettsia, etc. Prof. Raiko Peshev from the National
Veterinary Institute reviewed the features of malig-
nant catarrhal fever, studied by his team in Sofia
and Varna zoos two years ago. He also pointed to
the possible measures to curb the disease in zoos
and farms, as well as to block the routes leading to
infections in humans.

The question of the eternal fight between
micro- and macro-organisms - between viruses
and Nature’s most biologically complex organism,
Homo sapiens - was raised at this congress again.
The participants showed a special interest for the
paper of Prof. Francis Delpeyroux of the Pasteur In-
stitute in Paris. Prof. Delpeyroux, who is a leading
specialist in genetics of enteroviruses, discussed the
current possibilities of control and eradication of
polioviruses of the enterovirus species group, caus-
ing poliomyelitis (polio). While working with his
team on the island of Madagascar, in Nigeria and
Cameroon, he studied the effect of the combination
of coxsackieviruses with Sabin’s polio vaccines.
“We need to make more effective and safer vaccine
that will save more lives, said Prof. Delpeyroux, be-
cause we know how to manipulate the genome.” He
emphasized that “I am really delighted to work with
Academician Galabov, who is a leading European
specialist in discovering drugs against enterovirus-
es. Studying the effects against viruses together is
a pleasure for me. We both believe that it is impor-
tant to find effective drugs to help people”. One of
the future intentions of the eminent French profes-
sor is to recruit young people in his team, who are
interested in science work on the creation of new
antiviral therapies. He is convinced that researchers
in the field of virology should direct their efforts in
favour of different countries and share their expe-
rience - scientific, life, human. “This is important
if we want to make the world a better place”, said
Prof. Delpeyroux. In the same vein is his vision on
the possibility of introducing new criteria for the
preparation of vaccines: “This is both difficult and
easy. It is important to have the support of a large
international organization of public health and be
careful what you are doing. Each molecule must
undergo a test before being used on patients”. For
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virologists this is a guiding ethical rule, as was re-
peatedly affirmed during the congress.

A communication presented by a team of
young researchers headed by Academician Angel
Galabov caught the attention of virologists with
studies on the therapeutic options for enterovirusin-
ite infections. Enteroviruses are easily changeable
and can become resistant to every drug used against
them, which is observed in the use of monothera-
py courses. Combinations of two agents may also
result in virus resistance (so-called double resist-
ance). The new method is a consecutive alterna-
tive application of combinations of anti-enteroviral
substances with known mechanisms of action. Re-
searchers have witnessed an optimal antiviral effect
with a triple combination, which is of tremendous
practical importance for the management of diseas-
es such as summer flu, meningitis, eye infections,
pericarditis, myocarditis, etc.

A serious factor against the invasion of HIV
infection has been the introduction of the so-called
protease inhibitors therapy, reported by Prof. Rad-
ka Argirova. According to her, these products have
changed the entire HIV/AIDS epidemic, and have
transformed it from an inevitably fatal disease into
a chronic manageable condition. Since 2012, there
have been talks about the body’s ability to fight off
HIV infection through different routes of eradica-
tion. Research in this direction also benefits the bat-
tle against hepatitis C infection, is Prof. Argirova’s
strong belief.

The communication of Prof. Anna Papa
from the Department of Microbiology at the Med-
ical University of Thessaloniki focused on infec-
tions caused by arboviruses in the Mediterranean
countries in recent years. Among the main factors
leading to the spread of these diseases Prof. Papa
pointed the change in the environment and globali-
zation. Dealing with the problem, in her opinion,
must involve competence and greater awareness of
the health care providers, correct reporting of un-
usual cases and cooperation between experts from
different countries around the world.

Very useful for clinical practice was the study
on viral gastroenteritis, carried out by a team of
Prof. Tatiana Cherveniakova from the Specialized
Hospital for Infectious and Parasitic Diseases “Prof.
Ivan Kirov” in Sofia. The study group included 22
students (17 boys and 5 girls) from the Professional
High School of Computing and Technology Sys-
tems in Pravets, aged 14 to 18, with severe gastro-
enteritis. The therapeutic approaches successfully
implemented were: oral and parenteral rehydration,



medication for the symptoms of gastroenteritis, and
appropriate diet.

An analysis of data obtained from virologi-
cal studies and from the clinical course of influenza
and respiratory syncytial virus infections in patients
at the Hospital of Infectious Diseases “Prof. Ivan
Kirov”, Sofia, was presented by Ivan Ivanov, to-
gether with the work of a team of researchers from
the same hospital, from the Medical University in
Sofia and from the National Centre of Infectious
and Parasitic Diseases. For the period from De-
cember 2015 to March 2016, the team determined
A (HINI) pmd09 and type B as the predominant
influenza strain, which caused infections requiring
hospitalization. For the same period, respiratory
syncytial virus was the primary etiological agent
among children under 5 years of age, leading to
prolonged illness and slow recovery.

Interesting results of recent studies with a po-
tential for new developments were presented by a
group of virologists from Varna. The research work
of Assoc. Prof. Lilia Ivanova, head of the Depart-
ment of Microbiology and Virology at the Medical
University, Varna, and of Zhivka Stoykova from
the Clinical Laboratory at “St. Marina” Hospi-
tal showed that cytomegalovirus infection is most
widespread among the population in North-East-
ern Bulgaria and occurs mainly in the first years
of life. Another study reported high incidence of
Epstein-Barr virus infections also among the popu-
lation of North-Eastern Bulgaria, with the greatest
risk of developing Hodgkin’s lymphoma in the first
three years following the infection.

A new challenge in virology is occult hepa-
titis B, studied by researchers from Varna among
55 patients at “St. Marina” Hospital. All patients
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showed clinical evidence of liver dysfunction and
elevated liver enzymes. A comparative analysis
with previous studies allowed the authors to con-
firm the expected result that patients with HBV-in-
fection and liver disease are the most vulnerable.

It is difficult to enumerate all the reports
which discussed the most recent developments in
the major branches of virology. The congress pro-
ceeded in a highly academic atmosphere and end-
ed with a discussion on the question of the public
benefit from the knowledge of virology and train-
ing in this discipline in the universities in Bulgaria.
According to Assoc. Prof. Lilia Ivanova, different
universities give priority to different aspects of mi-
crobiology, and this situation must change. “Virolo-
gv and bacteriology are studied on an equal basis,
and all our lectures accentuate the need for preven-
tive and therapeutic strategy against diseases, said
Assoc. Prof. Ivanova. Currently, there is a tenden-
cy where doctor virologists are replaced with bi-
ologists and molecular biologists. This means loss
of the much-needed clinical opinion in therapy. A
doctor-virologist is the one who can best interpret
laboratory data, taking into account the clinical
manifestations of the individual patient. It does not
suffice to make a diagnosis. It takes at least two
methods to verify the results to ensure their valid-
ity.”

From beginning to end, this great scientific
forum was filled with practical ideas of benefit for
people, as well as with innovative, inventive spirit,
and creative, bold outlook into the future. So, it will
not be an exaggeration to say that the Fourth Na-
tional Congress of Virology has, in a way, become
a gateway to new scientific conquests.

Vanya Shipochlieva, MD, PhD



