Volume 35, Issue 2, 2019 ISSN 0204-8809

MICROBIOLOGICA
BULGARICA

it
,Q,\ 2
Bulgarian Society for
Microbiology
Union of Scientists in
Bulgaria




Acta Microbiologica
Bulgarica

The journal publishes editorials, original research works, research reports, reviews, short communications,
letters to the editor, historical notes, etc. from all areas of microbiology

An Official Publication
of the Bulgarian Society for Microbiology
(Union of Scientists in Bulgaria)

Volume 35 / 2 (2019)

Editor-in-Chief
Angel S. Galabov

Press Product Line
Sofia



Editor-in-Chief
Angel S. Galabov, The Stephan Angeloff Institute of Microbiology, Sofia, Bulgaria

Editors

Maria Angelova, The Stephan Angeloff Institute of Microbiology, Sofia, Bulgaria
Hristo Najdenski, The Stephan Angeloff Institute of Microbiology, Sofia, Bulgaria

Sohret Aydemir, Ege University, [zmir, Turkey

Lyudmila Boyanova, Medical University, Sofia, Bulgaria

Elisabeth Carniel, Institut Pasteur, Paris, France

Milton da Costa, University of Coimbra, Porugal

Erik De Clercq, Rega Institute for Medical Research, Leuven, Belgium
Francis Delpeyroux, Institut Pasteur, Paris, France

Stefan Denev, Trakia University, Stara Zagora, Bulgaria

Dietmar Fuchs, Innsbruck Medical University, Austria

Stoyan Groudev, University of Mining and Geology, Sofia, Bulgaria

Ilia Iliev, Plovdiv University “Paisii Hilendarski”, Bulgaria

Gabriel Ionescu, Cantacuzino National Institute of Research, Bucarest, Romania
Liliya Ivanova, Medical University of Varna, Bulgaria

Zeynep Cigdem Kayacan, Istanbul University, Istanbul, Turkey

Ivan Mitov, Medical University, Sofia, Bulgaria

Igor Mokrousov, St. Petersburg Pasteur Institute, Russia

Mariana Murdjeva, Medical University, Plovdiv, Bulgaria

Alexander Netrusov, Moscow Lomonosov State University, Russia

Bauke Oudega, Vrije, University of Amsterdam, Netherlands

Rayko Peshev, National Diagnostic & Research Veterinary Medical Institute
,Prof. Dr. G. Pavlov*,Sofia, Bulgaria

Milena Petrovska, “Ss. Cyril and Methodius” University, Skopje, Republic of North Macedonia
Spiro Radulovi¢, University of Belgrade, Serbia

Lazar Ranin, University of Belgrade, Serbia

Peter Raspor, Biotechnical Faculty, University of Ljubljana, Slovenia
Beatrice Riteau, Aix-Marseille Université, France

Jean Rommelaere, German Cancer Research Center, Heidelberg, Germany
Arzu Sayiner, Dokuz Eylul University, School of Medicine, Izmir, Turkey
Galina Satchanska, New Bulgarian Univers ity, Sofia, Bulgaria

Encho Savov, Military Medical Academy, Sofia, Bulgaria

Maria Stoyanova, Institute of Soil Science, Agrotechnologies and
Plant Protection “N. Pushkarov”, Sofia, Bulgaria

Antoniy Stoev, Institute of Soil Science, Agrotechnologies and
Plant Protection ,,N. Pushkarov*, Sofia, Bulgaria

Stoyanka Stoitsova, The Stephan Angeloff Institute of Microbiology, Sofia, Bulgaria
Tatiana Tcherveniakova, Medical University, Sofia, Bulgaria

Enzo Tramontano, University of Cagliari, Italy

Athanassios Tsakris, Medical School, University of Athens, Greece

Fabian Wild, Expert in the Centre of WHO, Lion, France



Volume 35, Issue 2

ACTA MICROBIOLOGICA BULGARICA 2019

CONTENTS

Review Articles

Peste des Petits Ruminants. ... .. ... 41
Nikolai Masalski, Hristo Najdenski

Regular Papers

Antiviral Activity of Dipyridamole in Experimental Viral Infections in Mice......................................... 46
Margarita Mastikova, Angel S. Galabov, Alexander A. Karparov, Paulina Doseva-Runevska

Molecular Biological Characteristics of Bovine Gamma Herpesvirus 4 Originated from Different

CIINECal SOUICOS . ... o 53
Raiko Peshev, Ivo Sirakov

Impact of Growth Conditions on Biofilm Formation by Model Gram-Negative and

Gram-Positive Bacterial Strains ... .. ... ... .. .. 60
Dayana Borisova, Viktoriya Jordanova, Stoyanka Stoitsova, Tsvetelina Paunova-Krasteva

Influence of Virus Diseases on the Yield of the Medicinal Plant Echinacea purpurea................................ 66
Bistra Dikova, Anatoli Djourmanski

Events

72 Years since the Establishment of the “Stephan Angeloff” Institute of Microbiology

at the Bulgarian Academy of Sciences ... ... ... . 71
Hristo Naidenski

Cronicle

5th National Congress of Virology

Days of Virology in Bulgaria with international participation 2-4 October 2019, Sofia, Bulgaria ................ 75
Angel S. Galabov



g E’, ACTA MICROBIOLOGICA BULGARICA volume 35/2 (2019)

Review

Peste des Petits Ruminants

Nikolai Masalski', Hristo Najdenski?

! National Diagnostic Veterinary Research Medical Institute “Prof. Dr, Georgi Paviov”
2 The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Bulgaria

Abstract

Pest des petits ruminants (PPR) is a disease first described in 1941 in West Africa. It is caused by a
virus belonging to the family Paramyxoviridae. The virus is highly virulent for goats and sheep. There is
no virus carriage. The incubation period is 5-6 days. Mortality is high. Transmission of infection is through
close contact between sick and healthy animals — infection occurs mainly through the respiratory tract. In
pathogenesis, the lymphatic system plays a major role. The infection predominantly affects small ruminant
flocks. Clinical symptoms are mainly lesions on the muzzle, nose and urogenital tract. Diagnosis is based
on characteristic clinical and pathological anatomical evidence. Stringent measures are necessary to isolate
and quarantine risky flocks and farms.

In connection with a PPR epizootic in Syria, the import of lambs from our country was terminated.
The team of Bulgarian specialists sent to Syria proved that Bulgaria had nothing to do with the epizootic
in that country. In 2018, the dangerous disease of sheep and goats was detected in Bulgaria. Data reported
in the press and other media seriously differed from the well-known characteristics of the Pest des petits
ruminants infection.
Keywords: Pest des petits ruminants (PPR), Paramyxoviridae, epizootology.

Pesrome

Uymara no apebnute npexuBHU (Pest des petits ruminants) ¢ 3a0o0JisiBaHe YCTAaHOBEHO 3a IbPBH
T npe3 1941 r. B 3anmanna Adpuka. [Ipunurensar e BUpyc OT cemeicTBo Paramyxoviridae. Bupychbt
€ CHJIHO BUPYJEHTEH 3a Ko3u U oBie. Hama BupycoHOCHTENCTBO. NHKYOAIIMOHHUAT TIepuos € 5-6 JHH.
CmbpTHOCTTA € BUCOKA. [IpemaBanero Ha MH(EKIUATA € Ype3 TECHU KOHTAKTH MEKIY OOJHU U 3paBH
KUBOTHH — 3pa3sBaHETO € MIAaBHU [0 PECHHpaTopeH MmbT. B maroreHeszara IaBHAa poJiss W3Mb;HSIBA
nuMmbHara cucreMa. Ennszooronorusra e npeguMHo ctaana. KmuHUYHAaTa CUMITOMATHKA Ca TIIaBHO JIE3UU
0 MYI[yHATa, HO3JPHUTE U YPOTSHYTATHUS TPaKT. JlmarHo3ara ce mocTaBsi Bb3 OCHOBA HA XapaKTCPHUTE
KJIMHUYHU ¥ NIATOJIOT0OaHAaTOMUYHU JaHHU. [IpeanpuemMar ce cTporu MepKu 3a M30Jalus U KapaHTHHA Ha
PHUCKOBHTE CTa/ia U (EePMHU.

BBB BpB3Ka ¢ enu300THs OT ToBa 3aboisiBane B CupHs € TpeKpaTeH BHOCA HA arHeTa OT Halara
cTpaHa. M3npareHyusT ObIrapcku eKul OT CIeUaINCTH J0Ka3Ba, Ye Hallara CTpaHa HsMa HUIIO 0010
¢ Tas3u enuzootus. Y mac mnpe3 2018 1. e 00sieHO HATMYUETO Ha TOBA OMACHO 3a00JSBAaHE IO OBIIE M KO3H.
Ot o0OsiBeHHTE B IpecaTa v APYTryd MU TaHHU CE YCTAHOBSBAT CEAPUO3HU PA3IINIHsI OT OOIIOU3BECTHUTE
XapaKTEepPUCTUKH Ha YyMaTa 0 ApeOHUTE MPEKUBHU.

Introduction
Notwithstanding existing difficulties in the scientific area, Bulgarian veterinary science has always
sought to rise to the challenges posed by its profession and by the state regarding livestock wellbeing not only

* Corresponding author: hnajdenski@abv.bg
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Fig. 1. Classification of parvomyxoviruses with emphasis on those of veterinary importance

in terms of trivial contagious diseases peculiar to a
region but also against exotic diseases (Masalski,
1991; 2008).

It is only natural that along with the changes
due to globalization exotic infectious diseases,
once endemic, are now becoming a real global
threat. Precisely for that reason, the knowledge
about such diseases should be brought up to date
so that adequate preventive and combat actions can
be implemented. Undoubtedly, the requirements
regarding the relatively novel disease worldwide,
Peste des petits ruminants (PPR), are imperative. The
disease was first reported in 1941 in Cdte d'Ivoire,
West Africa and is also known as Pseudorinderpest,
Stomatitis-pneumoenteritis complex, Kata in Nigeria
(Gargadannec and Lananne, 1942). It is endemic
across the sub-Saharan countries, the Arabian
Peninsula and some Middle East countries (Braide,
1981; Maztin, 1983; Taylor, 1984).

The cause of the disease is a virus belonging
to the family Paramyxoviridae (Fig. 1) (Gibbs
et al., 1979). Although it shares characteristics
with the bovine plague virus, the two viruses are
not completely identical and are differentiated
by cross-seroneutralisation (Geering, 1986). The
epizootiology ofthe disease is characterized by certain
peculiarities depending on the virus specificity, the
host animal species - sheep and goats only, and on
the nature of the disease process. The virus is highly
virulent for sheep and especially high for goats and
the young animals of those species. After recovery,
there is no viral persistence in the body, therefore
there is no carriage of the virus or intermediate
carriers (vectors), and the role of the wild animals
is insignificant as contact with domestic animals is
only short and infrequent. The virus found in the
excretions and secretions from infected animals
does not survive longer than 1-2 days in the external
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environment. The incubation period is short but the
infected animals start shedding the virus several
days after its onset in the absence of clinical signs.
The clinical signs themselves are clearly expressed
and the disease terminates within a short period of
time with high mortality. All this determines the way
the infection is transmitted and spread. Transmission
occurs in extremely close contact between sick and
healthy animals, and indirect transmission via feed,
water or vehicles is almost impossible. A major
source of contagion is infected animals introduced
into a healthy flock. Epizootiological peculiarities
make it predominantly a flock disease that does not
tend to spread out of the affected flock or holding,
although it spreads rapidly to almost all animals
within the flock.

The cause of the mass disease in the flock is the
way the virusisreleased, whichinitially occurs through
nasal and conjunctival discharge and aerosols from
the respiratory tract, and later, after the appearance
of clinical signs, through faeces and urine. Although
virus shedding and infection transmission is possible
in all these routes, the primary mode of infection is
through the respiratory system. Susceptible animals
contract the disease by inhaling virus-containing
droplets excreted by the sick animals in amounts
sufficient to cause infection. This is the reason why
it spreads at a great speed within the affected flock.
In addition, contact between the sick and healthy
animals is also facilitated by the high mobility of
the sheep within the flock. In the countries where
the disease is endemic, the spread within or across
borders occurs through uncontrolled animal trade,
and in particular through the formation of assembly
flocks in preparation for their sale or by assembling
animals in centres after their purchase from different
sources and subsequent distribution to new owners.
Such was the epizootic of PPR in Syria in 1987.



Pathogenesis. After inhalation of the virus,
multiplication occurs in the pharyngeal and
mandibular lymph nodes. Viraemia develops within
3 days and the virus spreads to other lymphoid
organs, including the mucosa of the respiratory and
digestive tracts. Necrotic processes occur in the
lymphoid tissue and, as a result, animals develop
leukopenia and immunosuppression. During the
acute stage, the virus is shed in large quantities,
but after the temperature returns to normal viral
shedding also declines.

Clinical signs. The incubation period lasts
from 5 to 6 days followed by sudden fever with a
rise in temperature to 40-42°C and clinical signs
are manifested 1 to 2 days thereafter. Fatigue,
loss of appetite, serous nasal discharge, which
becomes mucopurulent, are observed. The mucous
membranes are red, breathing rate increases,
constipation occurs. Three to four days after the
onset of fever, lesions affecting the muzzle, nose,
and urogenital tract begin to develop. Those in the
oral cavity are accompanied by abundant salivation.
Conjunctivitis and ocular discharge are one of the
most common traits at this stage in the development
of the disease. In the beginning, lesions are small
necrotic areas. Within a short time, however, their
number increases, they increase in size and merge.
After removal of the necrotic tissue, uneven, well-
defined erosions are found underneath. At this stage,
the animals appear to be very sick. Their breath is
putrid, the breathing is difficult with marked signs
of tracheitis and pneumonia. The onset of diffuse
diarrhea approximately coincides with the second
day of the onset of mucosal changes. The faeces
are dark, foul-smelling of rotting flesh, sometimes
containing mucus, fragments of necrotic mucosa
and blood. Severe leukopenia facilitates secondary
pasteurella, streptococcus, salmonella and E. coli
bacterial infection. Mortality is high, reaching 70-
90% in young animals and goats and death occurs
within 10 days of infection. The recovery of the few
surviving animals is slow and takes a long time.

Pathological-anatomical changes. The
carcasses of the dead animals are dehydrated,
exhausted, soiled by loose stools and malodorous.
Erosions of the conjunctiva, muzzle and nose can
be observed (Fig. 2). In the oral cavity, erosions,
ulcers and necrotic foci on the inside of the cheeks,
tongue, gums, pharynx and the esophagus are
found. The necrotic matter is gray, bran-coloured
and easily removed, leaving an ulcerated reddish
surface underneath (Fig. 3). Stomach mucosa is
hyperemic, hemorrhagic and necrotic. Often, the
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Fig. 3. Erosions and ulcerations on the tongue and
soft palate

necrotic tissue has fallen off, and there are ulcerated
areas underneath. Significant changes in the large
intestine are manifested in severe hyperaemia,
bleeding and necroses lending the folds a look
of tiger stripes, likened by some to zebra stripes.
Changes in the cecum at the sites of passage into
the colon and into the rectum are also considerable.
The lymph nodes are enlarged and hyperemic, the
spleen is enlarged and with focal necrosis

Nasal mucosa is covered with a thick
mucopurulent mass, and long strips of hyperemic
mucosa can be seen in the trachea. The apical
segments of the lungs reveal bronchopneumonic
changes. The heart is covered with hemorrhages.
Hemorrhages, necrosis and ulcers are also found in
the mucous membranes of the urinary tract.

Diagnosis. Putative diagnosis is based on the
characteristic clinical and pathological-anatomical
features, and on the analysis of the epizootiological
data. Specimens for life-time laboratory diagnosis
confirmation are conjunctival and nasal discharge,
rectal and buccal swabs. Anticoagulants are added to
the blood samples. They are taken when the clinical



signs are most prominent. Suitable specimens for
examination are those from the mesenteric and
bronchial lymph nodes, spleen, colon and lung from
dead animals. All samples must be fresh and stored
at refrigeration temperature. The virus is isolated
in tissue cultures of lamb kidney cells or VERO
cells. The cytopathic effect occurs not earlier than
the 5th day after inoculation. Virus confirmation
is also possible by detecting it in specimens when
encountered with standard positive sera through
different reactions. Serological diagnosis reactions
are based on the detection of antibodies in sick
animals and in those surviving the viral infection.
For that purpose, blood samples are taken during
the illness and 2-3 weeks afterwards to determine
the antibody dynamics. The presence of antibodies
is confirmed in blood serum four years after the viral
infection (Durojaiye and Taylor, 1984). Reversed
arrangement of components is performed. The sera
to be tested are associated with a known standard
antigen derived from the PPR virus. Laboratory
tests used for viral antigen detection are direct
immuno-staining, agar-gel immunodiffusion, and
ELISA among others. Virus-neutralization, indirect
fluorescence assay, competitive ELISA and other
tests are used for the detection of antibodies. RT-
PCR is used to detect the presence of viral genome
(OIE, 1992).

Prevention and control. PPR control
measures depend on whether the disease is
endemic or has newly emerged in a particular
country. In countries where it is detected for the
first time, radical measures are taken to eliminate
all affected animals in the flock or holding,
destroy their carcasses and afterwards carry out
appropriate disinfection. Stringent measures are
established for spatial isolation and quarantine of
risky flocks and farms, which are placed under
constant surveillance. In those countries where the
disease is endemic, measures are implemented to
limit uncontrolled movement of sheep and goats
as well as mass vaccinations. The close antigenic
kinship between the PPR virus and the bovine
plague virus allows the use of a vaccine prepared
from bovine plague vaccine strains inducing long-
term immunity (Geering, 1986). Recent studies
have yielded vaccines consisting of attenuated
PPR virus strains inducing immunity for at least 18
months (OIE, 1992). It should be borne in mind that
despite the success of immune prophylaxis, many
of the affected countries are unable to eradicate the
disease, which proves the disease to be difficult to
fight and requiring a lot of effort and resources.

44

That is why the countries at risk must take
effective measures through strict border control
and mandatory meetings and consultations with the
responsible veterinary services from neighboring
countries with established virus outbreak in order
to prevent cross-border transmission.

Our experience

It is well known that at the time of intensive
sheep breeding in Bulgaria Syria was our main
partner in exporting tens of thousands of lambs,
suckling lambs and sheep. At the time of the first
PPR outbreak in Syria (originally detected in
assemblages of animals from different countries),
it was alleged that the source of infection were
the Bulgarian animals. Imports were suspended
and due money transfers were blocked. The
investigation conducted on Syrian territory proved
the untenability of those accusations by highlighting
several circumstances. The key argument was that
the disease was circulating in the African countries
in a west-to-east direction and had not reached
the European continent, therefore Bulgaria, where
it was not found either in individual farms or in
assembly centres along the Black Sea coast in
preparation of the animals for export. In addition,
after inspection of documents, cattle centres and
holdings, surveys and autopsies in Syria, it was
established that the actual disease was peste des
petits ruminants, confirmed by isolation of the
virus at the reference laboratory in Brendbury,
England, in samples taken and sent personally by
FAO representative Dr. Singh, with whom we met
and talked in person. Wrong actions and failings
were also found in relation to the placement and
distribution of imported animals. After unloading
from the ships, animal were taken to assembly
centres in the city of Hamas, East Syria, and then
distributed to fattening farms, both in the city
itself and in nearby and further distant areas of the
country. In the holdings, imported animals were
placed together with natively-bred animals as well
as with animals imported from other countries,
including Hungary. The same was true of small
farms, where 20-30 young ovine animals were kept
for further fattening. Young ovine animals arriving
from Bulgaria and Hungary, where the disease
did not exist, became infected on the territory
of Syria, and, being more susceptible, suffered
more severely than local sheep breeds, creating
a deceptive impression that the disease had been
imported with them. The farms where imported
animals were fattened did not comply with the
“full-empty” principle and animals from previous



lots were grouped together with animals from new
lots. These and other arguments gave us reason to
refute the allegations of the Syrian services against
our country. Furthermore, we acknowledged that
the strategy and tactics of the struggle for the
eradication ofthe disease was within the competence
of the national veterinary services and dependent
on the epizootic situation, the structure of the sheep
breeding, the economic and geographic features
of the country and the rules generally accepted for
fighting that dangerous disease. We competently
proved that our country was unaffected by the peste
des petits ruminants disease and facilitated the
agreement for payment of the blocked $ 3 million
funds, which the Damascus Central Bank instructed
the UBAF in London to transfer to the Bulgarian
side. The restricted import of sheep, suckling
lambs and lambs from Bulgaria was also restored.
At the request of the Syrian veterinary authorities,
we presented them in writing and in detail with
these findings and relevant recommendations for
the protection of animals imported from Bulgaria
against this disease. Later communication from the
Ministers of Agriculture and Trade revealed that
the infection had been imported through smuggled
livestock from Lebanon.

This case confirms that the epizootic
characteristics of the disease require a serious
approach to diagnosis and outbreak announcement,
especially when the suspected occurrence is in a
country previously unaffected by the disease.

In our country, which was unaffected by PPR,
this dangerous disease was detected in sheep and
goats in several villages in 2018. However, there are
no research reports from the scientific community,
despite the importance of the disease and the
economic losses incurred. This is also necessary as
to identifying the source of the infection, the route
of the infection into the flock, the characteristics of
epizootiology and the causative agent, as well as
the measures for its eradication. The reports in the
daily press and media appear to differ seriously from
the well-known characteristics of PPR discussed
herein. Our experience is related to the disease
that originated in Syria. This gives us reason to
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announce some important details, all the more so
that our country was accused of being the source
of the infection. Investigations and their findings
may be in favor of serious scientific research by
the veterinary scientific community. Their results
should offer proper assessment of the situation
that occurred in order to avoid similar complicated
state of affairs in the future. The nation needs a
precise and competent response from the veterinary
science. Lack of such will always leave the public
and professionals in doubt as to the origins of PPR
occurring for the first time in a European country
without elucidating the source of infection. All the
more so, given the drastic and extreme measures
taken to limit the disease administratively thus
announced.
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Abstract

Single application of the interferon inducer dipyridamole administered intraperitoneally or per os
demonstrated a marked antiviral effect in mice with experimentally induced alphavirus infection —Semliki
Forest (SFV) virus-caused encephalitis, applied orally in influenza virus A/Puerto Rico/8/34 (HIN1) and
B/Lee/40 — respiratory infections, and herpes simplex virus type 1, strains Lennett and Leningrad 2 —
encephalitis, and HSV-1 strain Leningrad 2-caused skin infection. In brain and respiratory infections the
antiviral activity was manifested via the protection index, a decrease in the cumulative mortality percentage,
and by the prolongation of the mean survival time. In the HSV-1 dermatitis suppression of symptomatology
was observed.
Keywords: dipyridamole, interferon inducer, mice, SFV, HSV-1, influenza viruses A and B

Pe3rome

EnHOKpaTHO NpuiIoKeHHE Ha MHIYKTOpa Ha MHTEPPEpOH IUMUPHIAMOI JEMOHCTPUpPA OTUYETIHB
AaHTUBUPYCEH e(PEKT BbBEKIAH HHTPATICPUTOHEATHO WIIH ITEP OC B MHUIIKHU C €KCTIEPUMEHTAIIHO HHAYIIpaHa
andaBupycHa nHpekuus— eHnedanut cien uHokynupane Ha Semliki Forest virus, mpuimaran nep oc y
MHUILIKH C pecnuparopHa MHGEKIHs ¢ NpUuuHUTENH rpunHu Bupycu A/Puerto Rico/8/34 (HIN1) u B/
Lee/40, mpuiiaran HHTparepUTOHEATHO WM OPAJTHO B MUIIKH € €HIe(ATNUT, HHAYIUpaH ¢ mamose Lennett
nnu JIeHuHrpaz 2 Ha BUPYC XepIrec CUMIUIEKC THIT 1, KAKTO U IpU KOXKHA XepriecHa MH(EKIKs B MUILKH C
mam Jlenunrpan 2. [1pu ekciepumaHTaaIHUTEe eHIE()ATUTH U peCIUpaTOpHUTE MH(EKIMN aHTUBHUPYCHATA
aKTHBHOCT O€ prucTpupaHa 4pe3 WHAEKCa Ha MPOTEKIHMs — HaMaJICHHWEe Ha MPOICHTAa Ha KyMyJaTUBHUS
JICTAJIUTET U ape3 yAbKaBaHe Ha CPEHOTO BpeMe Ha pexuBsiBaHe. [Ipu xepencHus nepmarut 0e 0T4eTeHO
MOATUCKAHE PA3BUTHETO HA CHUMIITOMATHKATA.

Introduction

Tonew and Dzeguze (1977), M. Tonew et al. (1977) and E. Tonew et al. (1982) reported about the
antiviral activity of pyrimido[5,4-d]-pyrimidine (dipyridamole, DP) when tested in vitro against a wide
range of RNA- and DNA- containing viruses. These findings were confirmed and extended by in vitro
studies on the antiviral effect of this compound carried out by Oehring and Schmidt (1978), Bankowski et
al. (1981), Korbecki et al. (1985), partially by Snoek et al. (1994).

A new direction on the study of DP as an antiviral substance was traced after our communications
(Galabov and Mastikova, 1980, 1982; Galabov et al., 1985) that this substance is an interferon (IFN)
inducer. We suggested that the antiviral activity of DP could be entirely due to its IFN-inducing capacity.
This effect was particularly well expressed in experiments in vivo involving oral administration of the
compound to mice, and in investigations in human volunteers (Galabov and Mastikoiva, 1982, 1983a,b;
Galabov et al., 1987; Grigoryan et al., 1989; Konstantinov et al., 1989).

* Corresponding author: galabov@microbio.bas.bg
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Our further studies were directed towards in
vivo testing the efficacy of DP as an antiviral agent
when administered as an IFN inducer, namely, (a)
prophylactic single-dose administration (e.g. 24 h
prior to virus inoculation or in the latency period
of the infectiion), and (b) administration of DP at
IFN-inducing doses.

The antiviral effect of DP was tested in four
different models of experimental viral infections in
mice infected with: (a) Semliki Forest virus (SFV)
causing encephalitis; (b) influenza viruses A/Puerto
Rico/8/34 (HINI1) and B/Lee; (c) herpes simplex
virus (HSV) type 1, strains Lennet and Leningrad
2 encephalitis; (d) HSV type 1, Leningrad 2 strain
skin infection.

Materials and Methods
Compound

2,6-(Dietanolamino)-4,8-dipiperidino-
pyrimido-(5,4-d)pyrimidine (dipyridamole, DP).
For in vivo experiments Antistenocardin 2 ml
ampouls, 0.5% solution (Pharmachim, Sofia)
was used. The working dilutions were prepared
in a solvent consisting of tartaric acid 0.2%,
polyethylene glycole 600 5%, distilled water to
100%. This solvent was used as placebo.
Test animals

Random-bred line H or Swiss albino mice, as
well as inbred line C-57/Black mice.
Viruses

Semliki Forest virus (SFV) was cultivated via
passages in primary cell culture of chick embryo
cells and 2-3 intracerebral passages in newborn
albino mice. Working virus represented 10% brain
suspension.Influenza viruses A/Puerto Rico/8/34
(HINT) and B/Lee/40 were subjected to serial
intranasal passages in albino mice. The stock virus
represented lung suspension with an infectious titre
of 10** LD5g/m1 and 103° LD5qm1, respectively.
Virus herpes simplex (HSV) type 1, strains Lennett
and Leningrad 2, underwent serial passages in
human embryonal lung diploid fibroblasts.
Experimental infection with Semliki Forest virus in
albino mice

Albino mice of the random-bred line H,
weighing 10-12 g (15-20 animals per test group)
were infected intraperitoneally (i. p.) with 10 or
100 MLD50 of SFV. DP was administered singly,
1. p. or per os 24 hours before, 24 or 72 hours after
virus inoculation. The observation period was 30
days. The cumulative mortality percentage, with
evaluation of the protection coefficient (PC) and the
protection index (PI), and the MST in the treated
and the placebo groups were determined.
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Experimental infections in mice with influenza
viruses A and B

Albino mice with a body weight of 10-12 g of
the rendombred line H (15 animals per test group)
were infected intranasaly with influenza virus A/
Puerto Rico/8/34 (HIN1) or B/Lee/40 (under ether
anesthesia). DP was administered singly orally 24
h prior to, 24 or 72 h post virus inoculation. The
observation period was 15 days. The cumulative
mortality percentage and MST in the treated and
placebo groups was recorded.
Infection with HSV type 1 (experimental herpetic
encephalitis) in albino mice

Albino mice (15-20 animals per test group)
were infected i. p. with 10 or 100 MLD5¢ of HSV-1
strains Lennett or Leningrad 2. DP was administered
singly 1. p. or per os 24 hours before, 24 or 72 hours
post virus inoculation. Observation period was 30
days. The cumulative mortality percentage and
the MST in the tests and the placebo groups were
checked.
Experimental HSV-1 induced skin infection

Mice C57/Black weighing 20 g (14 animals
pertest group) were infected viarubbing of undiluted
tissue culture virus with a titre of 103TCIDsq in
the scarified preliminarily de-haired skin on the
mouse back. DP was administered singly i. p. 24
hours before, 72 hours or 120 hours post virus
inoculation. The chronology of the appearance and
the development of the local herpetic lesions in the
test and the placebo groups were recorded.
Statistical treatment and analysis of the
experimental data

The testing of DP antiviral activity in vivo the
protection coefficient (PC) and the protection index
(PC), as well as the MST were evaluated.

PC = mortality % in the placebo group /
mortality % in the DP treated group

PI=PC-1/PCx 100

The statistical treatment of the mortality data
included determination of (a) the mean error (m)
according to the formula

m = +V p(100-p) / n-1,

where p is the mortality percentage,
n —number of animals per test group

and (b) by the values of't, evaluated according
to Ilyenko (1977).
Results
Effect of DP in experimental alphavirus (SFV)
infection

DP was administered i. p. 24 h before virus
inoculation with single doses of 0.1, 1.8, 5.5 and
16.7 mg/kg, a dose range corresponding to the IFN-



inducing doses of this substance in albino mice. In
Fig. 1A it is seen the effect of this compound during
infection with 10 LD, of SFV, corresponding to
approximately LD,,. DP at a dose of 0.1 mg/kg
reduces mortality to 66.7%. With higher doses, the
effect was slightly increased, reaching a maximum
at 5.5 and 16.7 mg/kg - 50% of the mice survived
and the mean survival time (MST) was extended by
9.7 days.

The protective effect was more strongly
pronounced in infection with 100 LD, (Fig. 1B).
When DP was administered in doses of 5.5 and 16.7
mg/kg the protection rates were 46.7% an 50%,
respectively, and a prolongation to 19.5 days in the
MST was observed, while the MST in the placebo
group was 7.6 days

Oral administration of DP resulted in an even
better expressed antiviral effect. The results fully
correlated with the stronger IFN-inducing activity
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Fig. 1. Effect of DP in mice infected with alphavirus
SFV: i. p. single administration 24 h before virus
inoculation by 10 MLD,, (A) and 100 MLD,  (B)

of DP when administered per os. In infection with
5-10 LD, the antiviral effect of a single dose of DP
depends on the time of its administration. When
administered 24 h prior to infection, the optimal
IFN-inducing doses, 12.5 and 25 mg/kg, were most
effective (Fig. 2A). The percentage of surviving
animals was 93% and 80%, respectively (70%
mortality in the placebo group) and the MST was
prolonged by 12.2 and 9.5 days, respectively. The
dose-response curve retained its character when
DP was administered 24 h after virus inoculation,
although in that case the antiviral effect was
noticeably reduced (Fig. 2B).
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Fig. 2C shows the effect of the compound
applied at the 72nd h after infection, i.e. at the
middle of the latency period. It is noteworthy that
DP in this case showed also marked efficiency, at
doses of 50 and 100 mg/kg the protective rate being
50% and 80%, respectively, and the lengthening
of the MST — 6.5 and 10.9 days. The dose of 12.5
mg/kg was found to be inactive. This unexpected
result could be explained with some peculiarities
of the development of the alphavirus infection
and possibly by the more rapid attainment of the
efficient IFN inducer concentration.

100 -

2 4 6 8

10 12

Days post infection
Fig. 2. Effect of DP in ice infected with alphavirus
SFV: oral single administration of DP at virus
infection with 10 MLD, — 14 h prior (A), 24 h post
(B) or 72 h post virus inoculation (C)

14 16

Effect of DP on experimental infections with
influenza viruses A and B

Mice inoculated inranasally by 5-10 LD,
of influenza virus A/Puerto Rico/8/34 (HINI)
were treated per os with single DP doses — 100,
50 or 12.5 mg/kg 24 h prior to, 24 or 72 h post
virus inoculation. We found a marked protective
effect when the substance was applied 24 or 72 h
after virus inoculation, and no distinct effect was
registered when DP was administered prior to virus
inoculation (Figures 3A, 3B, 3C).

This protective effect was approximately
equal to that observed by Tonew et al. (1982) when
DP was applied by oral route 5 times (-2, +2, +24,
+48 and +72 h) at doses of 40 mg/kg, or 80 mg/
kg (the first one divided in two daily intervals) in
mice infected with influenza virus A/England/42/72
(H3N2).
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Fig. 3. Effect of DP in mice infected with influenza virus A/Puerto Rico/8/34 (HIN1), administered singly
per os 24 h prior to (A), 24 post (B) or 72 h post (C) virus inoculation (5-10 MLDS50). DP applied orally 24

h post infection with influenza virus B/Lee/40 (D).

DP also exhibited a protective effect in albino
mice experimentally infected with influenza B/
Lee/40, 10 LD, , when administered 24 h after virus
inoculation at the IFN-inducible concentration of
12.5-50 mg/kg (Fig. 3D). In this case, the substance
was inactive when administered 72 h post virus
inoculation, while a single dose administered 24 h
prior to viral inoculation in a dose of 100 mg/kg
resulted only in an extension of the survival time
by 1.6 days.

Effect of DP in experimental HSV type I-induced
encephalitis

After single-dose i. p. administration of DP
24 h prior to HSV type 1/strain Lennett infection,
DP was effective only at the optimal IFN-inducing
dose of 16.7 mg/kg. The protective rate was 44.7%
and the prolongation of the MST from 6.3 days
in the placebo group attained 17.3 days in the DP
treated group (Fig. 4A).

In experimental infection with HSV type 1/
strain Leningrad 2, a certain protective effect was
found only in a 50 mg/kg DP dose administered 24
h prior to virus inoculation. The effect at 16.7 mg/
kg was not significant (Fig. 4B). Applied i. p. post
virus inoculation, DP was ineffective (Fig. 4C).

Following single-dose oral administration
of DP 24 h before and 24 or 72 h post virus
inoculation (Leningrad 2 strain) (Fig. 5), a distinct
protective effect was observed in a dose of 12.5
mg/kg (optimal IFN-inducing dose) - a decrease of
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mortality and prolongation of the MST by 4.7 days
(when administered 24 h before infection) and 4
days (applied 24 h post infection), respectively, as
well as certain delay of the MST by 7.5, 5.0 or 7.1
days (after administration 24 h prior to, and 24 or
72 h after virus inoculation, respectively).
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Fig. 4. Effect of DP single i. p. administration
in mice with HSV type 1 (10 MLD50) —induced
encephalitis: DP applied i. p. 24 h prior to (A) HSV-
1 Lennett strain infection, (B) 24 h prior to HSV-1
Leningrad 2 strain virus infection; (C) 24 h after
HSV-1 Leningrad strain virus inoculation
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Fig. 5. Effect of DP single oral administration in
mice with with HSV type 1 strtain Leningrad 2 (10
MLD50) — induced encephalitis: 24 h before (A),
24 h after (B) or 72 h post (C) virus inoculation

Effect of DP in experimental cutaneous infection
with HSV type 1
Mice of C57BI line, with a 5-day latency

period from the 6th to the 10th day post infection
with HSV type 1 strain Leningrad 2, developed a
typical picture of cutaneous herpes simplex (Table
1). DP single i. p. administration of a single 50-mg/
kg dose suppressed markedly the course of herpes
simplex infection if the compound was introduced
24 h before or 72 h post virus inoculation. The
development of local lesions (vesicles and crusts)
was prevented in 37.7% of the animals treated,
whereas in the placebo group only in 7.1% local
lesions were not demonstrable. In the ill animals
treated with DP, the infection had a weaker course
and on the 16™ day a recovery in all animals was
recorded, while in the placebo group — in 42.9%
of the animals only. Following IFN inducing
administration, at the 72" h a stronger antiviral
effect in comparison with the experimental group
treated 24 h prior to infection was observed. Even
at the 8" day a recovery was recorded in 2/3 of the
animals with manifested skin herpes, i.e. animals
with no lesions were in sum 71.4% of the total
number of mice, 35.7% being in the group treated
24 h before virus inoculation , and zero percentage
in the placebo group.

DP applied in the 120" hour, i.e. at the end of
the latency period did not influence the course of
infection.

Table 1. Effect of dipyridamole (i.p. administration of a single daily dose of 50 mg/kg) on skin infection
with herpes simplex virus type 1 (Leningrad 2 strain) in mice (C57BL)

Time of DP* Skin lesions development (*total mice number)
administration Days post virus inoculation
6th 7th 8th 9th 10th
+V | +Cr| nl| +V]| +Cr| nl| +V]| +Cr| nl| +V| +Cr| nl| +V| +Cr| nl
Placebo 100.0 0 01 100.0 0 0] 769| 23.1 0] 69.3] 30.7 0 0] 53.8| 46.2
-24 hr 0 357 41.7| 16.6| 41.7| 41.7| 16.6| 41.7| 41.7| 16.6| 41.7 0 0 100.0] 64.3
+72 hr 0] 357 0] 23.1] 769 0] 231 76.9 23.1| 769 0 0]100.0] 64.3
+120 hr 100.0 0 0] 100.0 0 0] 636 364 0] 455] 545 0 0] 333] 66.7

*DP = dipyridamole; V = vesicles; Cr = crusts; n.l. = no lesions

Discussion and Conclusions

The results obtained from testing the antiviral
activity of DP in experimental viral infections in
mice indicate that this IFN inducer has manifested
a pronounced protective effect by decreasing
mortality and prolonging the MST. The effect
was particularly well expressed in experimental
infection with SFV in mice. DP was applied
according to the IFN inducer scheme in single oral
administration at the optimal IFN-inducing dose 24
h prior to lethal viral infection with SFV, 10-100
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LD, . In this mode of administration, DP reduced
several times the morality of infected animals. A
protective effect, though weaker, was found with
single-dose administration 24 and 72 h after viral
inoculation. A noticeable protective effect was also
observed after i. p. administration at optimal IFN-
inducing dose.

In experimental orthomyxovirus infection in
mice (influenza A/PR8/34 (HIN1) and strain B/
Lee/40) DP was most effective when administered
24 h after inoculation (10 LD, ), being lless effective



24 h prior to infection, and ineffective 72 h post
infection. Our results are approximately the same
as the results obtained by Tonew et al. (1982).

The identity of single- and multiple-dose
effects of DP administration in influenza infections
supports our argument that the antiviral effect of
DP is due to its IFN-inducing activity.

A prominent protective effect occurs in
experimental brain infection with HSV type 1 when
DPis administered 24 h before viral inoculation (i. p.
or oral route of administration). Later administration
of the preparation reduces that effect. DP has a
distinct protective effect in experimental cutaneous
infection with HSV type 1, strain Leningrad 2, in
albino mice when administered once 24 h before
and 72 h after viral inoculation.

The antiviral effect of DP is due to its IFN-
inducing activity. The characteristics of the IFN-
inducing activity of DP in vitro and in vivo are the
most convincing argumentation in this respect. The
effective scheme in experimental viral infections is
single-dose administration of DP at optimal IFN-
inducing doses. A similar correlation between IFN-
inducing and antiviral activity exists in other low-
molecular-weight IFN inducers. IFN-induced DP
could also affect the immune system (Koychev et al.,
1985; Mlhaylova et al., 1985). It is quite likely that,
by stimulating the lymphoreticular system for IFN
production, the substance actually stimulates other
components of the immune system. Obviously, the
protective effect of IFN may also include the effect
it exerts on other systems, but that would require
further detailed studies of its impact on the immune
system.

The conclusions regarding the antiviral
activity of DP in experimental viral infections in
white mice are as follows:

(1) DP is an effective antiviral agent in
experimental viral infections with SFV, HSV type 1,
influenza A/Puerto Rico/8/34 (HIN1) and influenza
virus B (Lee strain).

(2) The compound shows higher antiviral
activity with a single administration at IFN-
inducing doses: from 12.5 mg/kg to 100 mg/kg by
oral administration, and from 5.5 mg/kg to 50 mg/
kg by i. p. route of administration.

(3) The antiviral effect of DP is most clearly
expressed when administered 24 h before, and 24
h and 72 h after viral inoculation in experimental
infections with SFV and HSV type 1, at infection
with influenza A(H1N1) - 24 h or 72 h post-infection,
and in influenza B/Lee - 24 h after infection.
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These data are new proofs of the hypothesis
that the antiviral effect of DP is due to its IFN-
inducing capacity. Besides, these results may serve
as a basis for determination of the optimal scheme
of treatment by DP in the clinics.
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Abstract

Bovine herpesvirus 4 (BoHV 4) is a member of the Herpesviridae family in the Gammaherpesvirinae
subfamily, Radinovirus genus. The purpose of this study was to isolate BoHV 4 from calves, heifers and
cows presenting various clinical entities — respiratory, conjunctivitis, pneumonia, skin damage, genital
lesions and abortion, and to characterize its molecular biological features.

Primary and permanent bovine cell cultures were used for virus isolation and culturing. Polymerase
chain reaction (PCR) was used to confirm the gB and TK genes and the PCR products were sequenced.

After infecting the primary bovine and permanent cell lines, a cytopathic effect typical of BoHV 4
was observed and 10 cytopathic viral agents were isolated. Amplification products with molecular weights
of 567 and 615 bp for the Tk and gB genes, respectively, were found after PCR.

After the BoHV 4 isolates had been sequenced, 473 and 476 nucleotide sequences were analyzed
for the Tk and gB genes, respectively. The phylogenetic trees constructed based on the Tk and gB genes
of Bulgarian BoHV 4 strains fall within the same branch with the reference BoHV 4 European strains
deposited in the genomic bank and their genomic features were similar to European sequenced genomes of
other Radinoviruses.

Keywords: BoHV 4, PCR, sequencing

Pesrome

loBexausar xepnecsupyc 4 (BoHV 4) e unen Ha cemelictBo Herpesviridae B moaceMencTBo
Gammaherpesvirinae, pon Radinovirus. llenta Ha ToBa u3cienBane € aa ce nuzoiaupar BoHV 4 ot Tenera,
IOHHLIM ¥ KPaBU C DPA3NIMYHU KIMHUYHU CHUMIITOMHM - PECIUPATOPHU, KOHIOHKTUBUTH, IMHEBMOHUH,
YBPEXKIaHUS HA KOXKaTa, TeHUTAHU JIe3UU U a0OpTH, U Ja Ce OXapaKTepU3UpaT HETOBUTE MOJICKYIISIPHO-
OMOJIOTMYHU 0COOEHOCTH.

3a U30IMpaHe U KyJATUBUPAHE HAa BUPYCA Ca U3II0I3BaHU 'bPBUYHU U TOCTOSHHU KYATYPH OT TOBEXK N
KJIeTKU. 3a noTBbpxaaBane Ha gB u TK renure e n3nons3Bana nonuMepasHa sepuxHa peakuus (PCR) u
npoaykrute ot PCR ca cekBeHupaHu.

Cnen uH(pexkTUpaHe Ha MbpPBUYHATA TOBEXAM M MOCTOSIHHU KIETHUHU JMHUM € HaOlrofaBaH
uuTonaTuueH eext, TunudeH 3a BoHV 4 u ca nzonupanu 10 uuronarnynu BupycHu arentu. Cnen PCR ca
MOJTyYeHHU aMIUTU(UKAIIMOHHU MTPOYKTH C MOJIEKYJIHO Terto 567 u 615 bp 3a Tk u gB rennre chbOTBETHO.

CnencexBennpane HaBoHV 4 u3onature caananusupann473u476 HyKI€OTUAHUIIOCIIEI0BATETHOCTU
3a Tk u gB renn. Koncrpyupanute ¢punoreneTnunu appBeta Ha Oazata Ha Tk u gB rena Ha Obiarapcku
mamoBe BoHV 4 monanar B enun kioH ¢ pedepentaure eBpornerickute BoHV 4 mamoge, nemno3upanu
B FeHOMHaTa 0aHKa W TEXHUTE T'CHOMHM XapaKTEPUCTHKH ca MOJ0OHM Ha TEHOMHUTE HAa CEKBEHHPAHUTE
€BpOIEICKH PAJUHOBUPYCH.

Introduction
Bovine herpesvirus 4 (BoHV 4) now named as Bovine gammaherpesvirus 4 is a member of the
Herpesviridae family in the Gammaherpesvirinae subfamily, Radinovirus genus (Davison et al., 2009).

* Corresponding author: p_raiko@hotmail.com
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The BoHV 4 genome is small with type B structure
characterizing the subfamily Gammaherpesvirinae
(Roizman and Pellet, 2001). It has a collinear
arrangement of double-stranded nucleic acid
(DNA) with a size of 144 = 6 kb. BoHV 4 genome
is organized into a long, unique segment (long
unique region - LUR) with a size of 108 £ 2 kb
and two repetitive double tandem sections non-
coding sequences rich in guanine and cytosine (G
+ C), which make up the polyrepetitive (pr) DNA
(pr DNA), with a size of 1450 to 3050 bp (Bublot
et al., 1991; Broll et al., 1999). BoHV 4 contains a
gene encoding thymidine kinase (TK) (Ehlers et
al., 1985; Kit et al., 1986; Thiry et al., 1989; Bublot
et al., 1992; Lomonte et al., 1996; Zimmermann et
al.,2001).

Based on the restrictase fragment analysis
(RFA), BoHV 4 isolates are classified into two
genome types - 1) similar to the European strain
Movar 33/63 and 2) similar to the American strain
DN 599 (Thiry et al., 1989; Bublot et al., 1991).
Another classification divides the BHV 4 strains
into 3 categories: 1) isolates similar to strain
DN 599, 2) similar to strain Movar 33/63 and 3)
unclassified strains having a specific restrictase
fragment pattern (Thiry et al., 1989; 1990; Bublot
etal., 1991).

BoHV 4 was isolated from calves and
heifers with different clinical entities - respiratory
symptoms and keratoconjunctivitis (Bartha et al.,
1966; Mohanty et al., 1971), bovine pneumonia
(Smith et al., 1972) endometritis, abortion, enteritis,
skin damage, skin nodules, pustulous mammilitis,
breast ulcers, interdigital dermatitis (Reed et al.,
1977; Cavirani et al., 1990, 1996; Donofrio et al.,
2000) and animals with nodular dermatitis (House
etal., 1990).

The purpose of this study was to isolate BoHV
4 from ruminants with different clinical symptoms
and to characterize its molecular biological features.

Materials and Methods
BHYV 4 virus isolation and cultivation

Parts of internal organs (lungs, liver, spleen,
kidneys, lymph nodes, uterus, mucous membrane,
intestines, tongue epithelium , brain, spleen,
kidneys from aborted fetuses, placental cotyledons,
and bufty coat) from bovine animals with various
clinical signs (respiratory, genital and abortion)
were used for virus isolation. The organ tissues
were homogenized to 10% (w/v) suspension in
cell culture medium, and then were centrifuged at
1500 x g for 10 min. The supernatants were filtered
through 0.45 um-pore-size millipore filters and used
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to infect the cell cultures. Nasal and ocular swabs
were placed in cell culture medium, centrifuged at
1500 x g for 10 min and clear supernatants were
used to inoculate the cell monolayers.

Primary bovine kidney, testes and permanent
cell cultures from embryonal bovine trachea
(EBTR) were used for virus isolation and culturing.
As growing medium, Eagle's minimal essential
medium (E MEM) was used with 10% fetal calf
serum (FCS), 0.075% sodium bicarbonate, 20 mM
HEPES buffer, 0.2M-L glutamine, and antibiotics,
penicillin 100 UI/mL, and streptomycin 100 pg/
mL. The same medium with 3% FCS was used
as maintenance medium. Infectious titers were
calculated using the Reed and Muench method
(1938).

Molecular biological investigation
Polymerase chain reaction (PCR) for
demonstration of BoHV 4 Tk and gB genes

Amplification of the Tk gene was performed
by conventional and nested Tk-PCR, (Egyed et al.,
1996) with some modifications (the DNA matrix in
the classical reaction was amplified by PCR mix
Fideli Tag PCR Master Mix (2X), England).

Primers selected from the sequences of
the BoHV 4 Tk gene were used for amplification
(Lomonte et al., 1992). Sequences were selected
from the National Center for Biotechnology
Information (NCBI Gene Bank) database (AC
49773) (Table 1). Outer primers Tk 1 and Tk 2 were
used for the construction of 567-base pair fragment.
The internal or nested set of primers Tk 3 and Tk
4 were used for the formation of 260 bp product.
Amplification of the Tk gene was performed in a
QB-96 (UK) thermal cycler in a volume of 25 pL,
with amount of DNA between 0.2 and 0.4 pg/uL, 10
pmol of each primer, Fideli Tag PCR Master Mix
(2X), and distilled water to 25 pL. In the first PCR
round, amplification started with pre-denaturation
at 95° C for 10 min, followed by 30 cycles at 94°
C for 60 sec, at 60° C for 60 sec and at 72° C for
90 sec and a final extension of 7 min at 72° C. A5
puL volume of the PCR product from the first PCR
round was further amplified by a nested PCR round
using the same PCR mix as described for the first
round but with the nested set of primers Tk 3 and
Tk 4 (Table 1).

Analysis of PCR products was carried out by
horizontal agarose (1%) DNA gel electrophoresis
in 0.5X Tris, Boric acid, EDTA buffer (TBE)
buffer for 1 h at 120 V. Gels were stained with 1pug/
mL ethidium bromide and photographed under
ultraviolet light.



Table 1. Data for used primers and their nucleotide position for amplification of BHV 4 DNA

chotides DNA sequencing thepmens g
Tk1 5-GTTGGGCGTCCTGTATGGTAGC-3 132-153 567
Tk 2 5ATGTATGCCCAAAACTTATAATATGACCAG-3 669 - 698 567
Tk 3 5-TTGATAGTGCGTTGTTGGGATGTGG-3’ 339 - 363 260
Tk 4 5-CACTGCCCGGTGGGAAATAGCA-3’ 577 - 598 260
gB-1 5-CCCTTCTTTACCACCACCTACA-3 38-17 615
gB-2 5-TGCCATAGCAGAGAAACAATGA-3 555-576 615

PCR described by Wellenberg et al. (2001)
with modifications (Fideli Tag DNA PCR Master
Mix (2X), England, used for the conventional
reaction) was used for the amplification of the gB
gene.

Primers gBl and gB2 exhibiting 100%
homology to the sense chain at nucleotide positions
38to 17 (gB 1) and the opposite nucleotide chain at
positions 555 to 576 (gB 2) of the gB gene sequence
of BHV 4 were used (Goltz et al., 1994) (Table 1).

Amplification was performed in QB 96
Thermal cycler (UK). The program began with
pre-denaturation at 95° C for 10 min, followed by
45 cycles with parameters: 94° C for 10 sec, 58° C
for 60 sec and 72° C for 90 sec and a final extension
of 72° C for 7 min.

DNA derived from other herpes viruses -
bovine herpes virus 1 (BoHV 1) Pchelarovo, goat
herpes virus 1 (GHV 1) Troyan, swine herpes virus
1 (SHV 1) A 2, and EBTR cell culture uninfected
with BoHV 4 were used to determine the specificity
of the reactions. European strains Movar 33/63,
M52 BP 90, M52 BP 10, M51 MZ 80 and the
American strain DN 599 were used as reference
BoHV 4 strains.

Sequencing of BHV 4 Tk and gB genes

For the sequencing of the Tk and gB genes,
Bulgarian BoHV 4 strains Levski, Nikolovo,
Svoboda, Kazichene, Abomasum heifer 1 Godech,
Brain cow 1 Godech, Brain cow 4, Brain cow 3053
and the Hungarian strains Movar 33/63, M52 BP 90,
M51 MZ, and M51 MZ 80 were used. Sequencing
was performed after multiplication of portions of
Tk and gB genes using specific primers (Table 1)
giving the product of 567 bp for the Tk and 615 bp
for gB genes, respectively. For amplification of the
Tk and gB genes, the PCR programs described above
were used. The amplicons obtained were purified
through S-400 columns and a DNA gel purification
kit (GE Healthcare, UK). Purity and amounts of the
products were determined spectrophotometrically
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(Gene Quant II, Pharmacia LKB, UK) or after gel
electrophoresis in 1% agarose gel. The amplified
products were sequenced twice with each of the
specific primers mentioned above.

Sequencing was performed in a MegaBACE
Sequencer 1000 (Amersham, Bioscience, USA)
with the DYEnamic ET Dye Terminator Cycle
Sequencing Kit (GE Healthcare, UK) according to
the manufacturer's instructions.

The data obtained from the nucleotide and
amino acid sequences were used to construct the
phylogenetic trees. The multiple alignments of
the amino-acid and nucleotide sequences were
performed with MUSCLE software (Edgar, 2004).
The phylogenetic trees were constructed with
JModelTest 0.1.1 (Posada, 2008) and ProtTest 2.4
(Abascal, 2005). For the building of the phylogenetic
trees and their graphical representations, MEGA 7
software (Kumar et al., 2016) and 1000 bootstrap
replications were used.

The data obtained after sequencing were
compared to the sequences of BoHV 4 gB gene
from strains AJ 617688.1, AJ 617687.1 , Movar
33/63, Z 15044.1 All Genes, EU 055543.1, JX
644989.1, MG 264399.1 USA Calif., MG 264397.1
USA Calif.,, MG 264404.1 USA Calif., KP 209025.1
Aregn.PLOS, MH 605274.1 Turkey, JX 644988.1,
KP 209016.1 Argentina, KP 209021.1 Argentina,
KU 180390.1 Argentina, GQ 375280.1, GQ
246866.1 and GQ 246863.1 deposited in NCBI.
The sequences of BHV 4 Tk gene of deposited
strains AB035515.1, AB035517, AB035516, AF
318573, JN 133502, KC 999113, KX 355279 and
S 49773 were used for comparison to the Bulgarian
BoHYV 4 strains.

Results
BoHYV 4 virus isolation and cultivation

After the primary bovine and EBTR
permanent cell lines had been infected with 10%
suspension from the internal organs of animals
with various clinical manifestations (respiratory,



genital and abortion) of the BoHV 4 infection,
10 cytopathic viral agents were isolated (Levski,
Nikolovo, Svoboda, Kasichene, Momchilgrad,
Lungs cow Godech, Brain cow 1 Godech, Brain cow
4 Godech, Brain cow 3053 Godech and Abomasum
heifer 1 Godech).

Fig. 1. Cytopathic effect at 48" hours (A), 72
hours (B), and 120" hours (C) on EBTR cells
incubated with 10% organ suspensions from the
heifer Godech with characteristic for BoHV 4
clinical symptoms. Control uninfected EBTR cell
culture (D). Magnification X 100.

Cytopathic  changes characterized by
rounding and tearing of the cell monolayer were
observed at 24 — 48" h after inoculation. The
changes were amplified at 72™ h and after 120"
h the cell monolayers were disrupted completely
(Fig. 1 B and C). The cytopathic changes of the
cell monolayer were not observed in control, non-
infected cell cultures (Fig. 1 D).

Molecular biological investigation
Polymerase chain reaction (PCR) for
demonstration of the BoHV 4 Tk and gB genes
Amplified products of the Tk gene were with
molecular weight of 567 bp after the first PCR (Fig.
2, line 1 to 9). Amplicons of the other used isolates
- BoHV 1 Pchelarovo (Fig. 2, line 10), GHV 1
Troyan and SHV 1 A 2 (data not shown) were not
observed. Amplification products with a size of 260
bp were obtained after the nested PCR for all BHV
4 isolates investigated (data not shown).
Amplicons with a molecular weight of 615 bp
corresponding to the size of the gB gene of BoHV
4 were obtained for all Bulgarian and reference
isolates of BHV 4 after the multiplication of gB
gene (Fig. 3, line 1 to 8). Amplified products of
the gB gene were not observed in the other isolates
used - BoHV 1 Pchelarovo (Fig. 3, line 9), GHV 1
Troyan and SHV 1 A 2 (data not shown).
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Fig. 2. Classical PCR for multiplication of Tk
gene of isolated BoHV 4 strains after first PCR.
Line M — molecular weight marker 100 bp,
line 1 - “Nikolovo®, line 2 - “Kazichene*, line
3 - “Svoboda®, line 4 - “Mowmchilgrad®, line 5 -
“Levski®, line 6 - "Lungs cow Godech", line 7 -
“DN 599%, line 8 - “Movar 33/63%, line 9 -"MZ 80",
line 10 - BoHV 1 “Pchelarovo”.

615 bp

s

Fig. 3. Classical PCR for gB gene amplification of
investigated BoHV 4 isolates. Line - M - Marker
of molecular weights 100 bp, line 1 - "Nikolovo",
line 2 - "Kazichene", line 3 - "Svoboda", line 4 -
"Momchilgrad", , line 5 - "Lungs cow Godech",
line 6 -"DN 599", line 7 - "Movar 33/63", line 8 -
"MZ 80", line 9 - BoHV 1 “Pchelarovo”.

Sequencing of BHV 4 strains.

After the sequencing of the Tk gene of BoHV
4 isolates, 473 nucleotide sequences were analyzed.

Bulgarian isolates Levski, Nikolovo the ref-
erence AB 035517, AF035517 and KX355279-Tur-
key strains formed one branch with 54% homology
of the phylogenetic tree based on sequencing of
the Tk gene. Referent strains KC 999113 and AB
035515-B 11 formed separate clusters of this branch
(with 54% homology). On a separate branch of the
phylogenetic tree, with 43% homology were locat-
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Fig. 4. Phylogenetic tree based on nucleotide sequences comparison from Tk gene of investigated

Bulgarian and deposited in gene bank reference BoHV 4 strains.
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Fig. 5. Phylogenetic tree based on nucleotide sequences comparison from gB gene of investigated
Bulgarian BoHV 4 strains and deposited in gene bank reference BoHV 4 strains.

ed strains Kazichene and Svoboda. Movar 33/63,
M52 BP 90 and Brain cow 4 Godech were found
to reside on the same branch with 52% homology.
Strains Brain cow 1 Godech, Abomasum heifer 1
Godech, JN 133502-Belgium and S 49773 were
located on the main branch of the phylogenetic tree.
The reference strain AB 035516 formed a different
clone of the tree (Fig. 4).

The analysis of 476 nucleotide sequences ob-
tained from the gB gene was performed from base
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518 to base 994, corresponding to the reference
sequence.

After the construction of the phylogenetic
tree based on sequencing of the gB gene, Bulgari-
an isolates Abomasum heifer 1 Godech, Brain cow
1 Godech as well as the European reference strain
AJ 617688.1,AJ 617687.1, Movar 33/63, M51 Mz,
and Z 15044.1 All Gene were shown to belong to
the same branch of the phylogenetic tree with 49
% homology. Referent strains EU 055543.1 and



JX 644989.1 formed a separate cluster with 62%
homology of this branch (with 49 % homology).
Strains JX 644988.1, GQ 375280.1, GQ 246866.1
and GQ 246863.1 formed different branches of the
phylogenetic tree with 97% homology. The Bulgar-
ian strain Brain cattle 3053 did not belong to any
branch of the tree. In different clones of the phy-
logenetic tree with 100% homology are the Amer-
ican, California MG 264399.1, MG 264397.1, MG
264404.1, Turkey MH605274.1, and the Argentini-
an strains KP 209016.1, KP 209021.1 KU 180390.1
with 88% homology (Fig. 5).

Discussion

After inoculation of primary and permanent
EBTR cell cultures, ten cytopathic agents with typ-
ical culture characteristics for BoHV 4 were isolat-
ed. In the control uninfected cell culture cytopathic
agents were not observed. The isolated viral agents
were confirmed as BoHV 4 by PCR with specific
primers multiplying BoHV 4 Tk and gB genes. It is
known that replication and morphogenesis of BoHV
4 is different than that of the other bovine herpes-
viruses, which is confirmed by our investigation.
The primary replication of BoHV 4 is performed in
respiratory epithelial cells (Yang et al., 2019). The
visible cytopathic changes of newly isolated strains
were slow and discrete and were observed after 48
h on EBTR cell culture. Subsequently,the propaga-
tion of BoHV 4 is increased, which is evidence of
the typical slow accumulation of BoHV 4.

The isolated on primary and permanent cell
cultures strains from brain, spleen, buffy coat, abo-
masum and lungs originating form cattle and calves
from different country regions were confirmed by
PCR for the gB and Tk of BoHV 4 genes.

The classical and nested PCR with specific
primers for Tk gene (Lomonte et al., 1992; Egyed
et al., 1996) allowed us to perform more accurate
studies of the in vivo prevalence of BoHV 4 in the
organs and the peripheral blood leukocytes of the
diseased animals. The absence of DNA multipli-
cation obtained from the heterologous herpesvirus
strains confirms the specificity of PCR. Evidence
that both reactions, classical and nested PCR, are
highly sensitive is the lack of bands in the other iso-
lates used - BoHV 1 Pchelarovo (Fig. 2, line 10 and
Fig. 3, line 9), GHV 1 Troyan and SHV 1 A 2 (data
not shown).

The gene encoding glycoprotein B is one of
the most conservative genes among? the Herpesvir-
idae family members. Because of the fact that the
primer’s nucleotide sequences must be in the con-
served region of the gB gene in order to prove all
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BoHYV 4 isolates, the choice of primers for perform-
ing the gB PCR is very important. The selected gB
primers based on the oligonucleotide sequences of
the gB gene (Goltz et al., 1994) were specific as
they have amplified DNA from all tested BoHV 4
strains and specific amplification for the other in-
vestigated animal herpesviruses was not observed.

The structure of the genotype of BoHV 4
is type B, similar to other Gamma herpesviruses
(Roizman and Pellet, 2001). After the sequencing
of the Tk gene of the Bulgarian BoHV 4 isolates,
it was found that the isolates Levski and Nikolovo
were grouped in the same branch with the refer-
ence BoHV 4 strains AB035517 and AB035515.1
deposited in the gene bank. BHV 4 strain isolated
from Brain cow 4 Godech belonged to the same
group together with the European reference strain
Movar 33/63. Strains Kasichene and Svoboda are
more distant in comparison with other Bulgarian
strains and formed a different branch of the tree.
The remaining sequenced Bulgarian strains Cow
lungs Godech and Abomasum heifer Nol Godech
did not fall into any of these groups. Most proba-
bly those isolates are phylogenetically more distant
from the European reference strain or are closer
to the American BoHV 4 strain. These results are
evidence that the studied Bulgarian viral isolates
are also BoHV 4. The genomic features of the se-
quenced Bulgarian isolates were similar to the se-
quenced genomes of other Radinoviruses (Broll et
al., 1999; Zimmermann et al., 2001).

Conclusions

1. Bulgarian viral isolates originating from
different clinical sources have molecular-biological
characteristics typical of BoHV 4

2. The phylogenetic trees constructed based
on the gB and Tk genes confirm that the Bulgarian
BHYV 4 strains have similar characteristics to the
European referent BoHV 4 strains deposited in the
genomic bank.

3. The amplification products obtained for the
gB and Tk genes of Bulgarian BoHV 4 isolates af-
ter using specific primers allow more accurate in
vivo studies of the presence of BoHV 4 in organs
and peripheral blood leukocytes in animals.
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Abstract

Present-day medical microbiology faces the risks of biofilm-related infections. These are much more
resistant to routinely applied antibacterial preparations, and are often the cause of recurrent infections. The
search of novel anti-fouling preparations puts forward the elaboration of a reliable complex approach for
selecting and estimating the successful agent. As a first step, screening procedures should include a fast
methodology, and the crystal violet assay is widely applied for semi-quantitative estimation of biofilm
biomass. However, the species- and strain-peculiar mechanisms of biofilm formation require optimisation
of the experimental protocols with regards to the individual demands of model strains. This study aims to
characterise the biofilm-forming behavior of a set of model Gram-positive and Gram-negative strains. The
Gram-positive strains included in the experiments were Staphylococcus aureus ATCC 29213 and Bacillus
subtilis 168. Gram-negative strains were Pseudomonas aeruginosa PAO1 and six Escherichia coli K-12
strains. The tested variables were growth medium, time of cultivation and growth temperature. Notably, these
variables have different, sometimes even opposite effects on planktonic growth and biofilm development.
The results provide information needed for the proper design of further screening experiments on these
strains, for novel substances with putative anti-biofilm activities.
Keywords: Biofilm formation, Gram-positive and Gram-negative strains, effects of growth medium,
temporal characteristics and temperature of cultivation

Pesrome

ChBpeMeHHaTa METUIIMHCKA MUKPOOHOJIOTHS € U3MPaBeHa Mpej pUcka OT WH(EKIIUH, CBEP3aHu ¢ 00pa-
3yBaHEeTO Ha OnopuaMu. bruodummuTe ca MHOTO TO-PE3UCTEHTHU KbM aHTHOMOTHIIM M YECTO Ca U3TOYHHK Ha
peuunuBupany uHdGekpu. ThpceHeTo Ha HOBU aHTU-OMO(UIMHHY MTpenapaTy MOCTaBs BIIPOCa 3a Ch3aBaHe-
TO Ha KOMIUICKCHA METOJOJIOTHS 33 CEJICKIHS U OLICHKA Ha TTOIXO/SIIH BemecTBa. [IbpBHUTE CTHITKHU ClieBa Ja
BKJIIOYBAT Obp3a CKPUHUHT-METO/IOJIOTUS M TECTHT "KPUCTAJ BUOJIET" € EIIMH MIMPOKO MPHJIaraH IMoTy-KOJITHIecT-
BEH TO/IXO0J1 32 OIleHKa Ha OnodunMHara 6noMaca. HezaBrcuMO OT TOBa, Y€ TO3U TECT € MIMPOKO MPHUET, TOPaIH
BUJIOBO- U IIIAMOBOCTICIIM()UYHHUTE MEXaHU3MH Ha OMO(QHIM 00pa3yBaHETO Ce Halara ONTUMH3HPAHE Ha eKCIIe-
PHUMEHTAJIHUTE MTPOTOKOJIH C OIVIE/ MHMBUIYaJTHUTE M3UCKBAaHUSI HAa MOJICITHUTE IamoBe. Llen Ha m3cienBane-
TO € JIa XapakTepu3upa OMopHIM-00pa3yBaluTe XapaKTePUCTUKN Ha HA0Op OT MOAENHH [ paM-TOI0KUTEIHH
u ['pam-orpunarensu mamose. BriroueHnTe B U3ciIeABaHETO | paM-TIONOKHUTENHH amoBe ca Staphylococcus
aureus ATCC 29213 u Bacillus subtilis 168. I'pam-oTtpuriarenaure mamose ca Pseudomonas aeruginosa PAO1 u
mrect mama Escherichia coli K-12. V3cnensanu ca cieiHUTE BapUaOIITHU: pACcTeKHA Cpefia, MPOIbIKUTEITHOCT
Ha KYJITHBUPAHETO U pacTexHa Temreparypa. Te3u (pakTopu UMar pa3iindeH, HOHIKOTa - TOPU MIPOTUBOTIONIOKEH
eeKT BbpXy Pa3BUTUETO Ha OAKTEpUHUTE B T€YHA cpenla M Kato ouoduiam. P3ynrarute maBaT Bh3MOXKHOCT 32
Ch3/IaBaHe Ha TOIXOJIAI eKCTIEPUMEHTAJICH JU3aifiH 32 OCHIIECTBsIBAHE HA CKPUHHUHT-M3CIICABAHUS BbPXY Ta3H
TpyIa MOJICITHH IIAMOBE C BKJTFOUBAHETO HA HOBU BEIIECTBA C OYAaKBaHA aHTH-OMO(MIIMHA aKTHBHOCT.
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Introduction

Bacterial biofilms represent cell communities
embedded in extracellular polymer substances
that grow attached to surfaces. Biofilm formation
follows several stages: (1) reversible adherence
of the bacteria to the surface; (2) loss of motility
and irreversible attachment; (3) development of
microcolonies; (4) differentiation of the mature
biofilm; (5) detachment of motile bacteria from the
biofilm and its dissemination to other loci (Souza
dos Santos, 2018). Attachment is a complex process
regulated by diverse characteristics of the growth
medium, substratum, and cell surface (Donlan,
2002).

Since the initial thorough descriptions of
the biofilms (Costerton et al., 1994), it has further
been well-recognised that sessile communities may
develop on both environmental surfaces and on, or
inside other organisms, including the human body
(indwelling devices and tissues) where they cause
biofilm infections (Wang et al., 2015; Coughlan et
al., 2016). The latter are difficult to overcome, and
are related with the recurrency of bacterial diseases
(Vljayakumar et al., 2016; Jamal et al., 2018).

Biofilms may be considered an adaptive mode
of life where sessile bacteria, much better than their
free-floating counterparts, survive environmental
hazards: toxic substances, desiccation, etc., or,
inside plant or animal hosts — the evolutionary
evolved immunity deffences and/or antibacterial
treatments (Jamal et al., 2018). Therefore the
development of novel effective anti-biofilm
strategies is a serious challenge for researchers
(Costerton et al., 1994; Speranza et al., 2018). As a
first step of the estimation of putative anti-biofilm
effects of novel substances, laboratory screening
experiments are indispensable and these most
often include the routinely applied crystal violet
(CV) test. This is a reliable and easy-to-perform
semi-quantitative assay for biofilm biomass. In
screening experiments aimed to identify anti-
biofilm substances, the CV assay can be applied to
different model Gram-positive and Gram-negative
microorganisms. While the test itself is well-known
and easy to apply, in question is the standardization
and/or optimization of the conditions for the biofilm
growth of the model microorganisms prior to the
CV staining.

For estimation of antibiotic sensitivity of
non-biofilm bacteria, the growth media of choice
and the respective protocols recommended by ISO
are Mueller-Hinton broth and agar. Mueller-Hinton
media provide satisfactory growth of most non-
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fastidious pathogens, acceptable batch-to-batch
reproducibility, low sulfonamide, trimethoprim, and
tetracycline inhibitors and a large amount of data
has been collected from antimicrobial susceptibility
tests with this medium over several decades (https://
www.iso.org/obp/ui/#iso:std:iso:ts:16782:ed-
l:vl:en). Therefore these media are preferably
applied also in screening protocols for novel anti-
bacterials.

When choosing growth medium and growth
conditions for experiments for anti-biofilm studies
with biofilms the situation is however not so clear,
mostly because of the complex nature of the sessile
consortia. The necessity of careful elaboration of
the experimental design in biofilm studies has been
underlined by many researchers (Costerton et al.,
1994; Vijayakumar et al., 2016; Speranza et al.,
2018), still present-day biofilm experiments are
far from a standardized approach. The problem
is the variable response of bacterial species and
strains to the conditions of biofilm growth. Such
a variety of responses is most probably due to
the adaptive, convergent role of the biofilm for
bacterial survival and the involvement of variable
molecular mechanisms in the sessile growth. Our
experience is that the outcome of anti-fouling
experiments may depend, among other factors, on
the bacterial strain and the nature of the explored
substances (Vacheva et al., 2011, 2012a; Borisova
et al.,2018). Hence, for proper experimental design
a preceding thorough examination is needed of
the sessile behavior of the chosen model strains.
In literature, various cultivation protocols were
applied by different authors prior to applying the
CV dying. There are data obtained as a result of
the application of different minimal media (among
which M63) or rich media (among which LB).
The medium-of-choice for antibiotic sensitivity
estimation of non-biofilm bacteria, MH, is not quite
popular in biofilm studies and has been used more
rarely (e.g. Vijayakumar et al., 2016).

Our team has lately been planning
experiments for the identification of novel anti-
biofilm substances of synthetic or natural origin.
Bearing in mind the above considerations, the
present study was undertaken with the aim to
characterize the biofilm-formation behavior of a set
of model Gram-positive and Gram-negative strains
under variable experimental conditions. We have
tested biofilm development in three media: M63,
LB, and MH, and the impact of cultivation duration
and growth temperature.



Materials and Methods
Bacterial strains and growth media

The Gram-positive strains included in the
study were Staphylococcus aureus ATCC 29213
and Bacillus subtilis 168 (Vasileva-Tonkova et
al., 2011). Escherichia coli K-12 strains included
W1655 F+, kindly provided by Prof. J. Gumpert,
Institute of Molecular Biotechnology, Jena,
Germany, strain 3110 (NCIPD, Sofia, Bulgaria)
and strains 406, 409, 420 and 446 purchased from
NBIMCC (Sofia, Bulgaria). More details on the
K-12 strains are provided by Vacheva et al. (2012b).
The Pseudomonas aeruginosa PAOI strain was
from the International Reference Panel (De Soyza
etal., 2013).

The growth media applied were: Tryptic soy
agar (TSA), Tryptic soy broth (TSB) and Mueller-
Hinton broth (MH) were purchased from Sigma-
Aldrich. LB broth (10 g tryptone, 10 g NaCl and 5
g yeast extract per litre) and M63 medium (0.02 M
KH2PO4, 0.04 M K2HPO4, 0.02 M (NH4)2S04,
0.1 mM MgS0O4 and 0.04 M glucose) were prepared
in the laboratory.

Estimation of bacterial growth and biofilm
formation

The bacteria were maintained as frozen
stocks in TSB supplemented with 20% glycerol.
Before the experiments, they were streaked on TSA
for selection of single colonies. The strains were
further applied on slant agar and kept as source of
inocula for no more than 20 days. To prepare the
inocula, a loopful of each strain was inoculated in
TSB and cultivated overnight at 37°C. The overnight
cultures were dissolved 1:100 in the test media
(MH, M63, or LB), vortexed, and 150 ul quotes
were applied into the wells of a 96-well plate, 6
wells per sample. The plates were incubated for 24
h at 37°C. To estimate the bacterial growth in each
well, the optical density (OD) was first estimated
by ELISA reader at 620 nm wavelength. Then the
non-adherent bacteria were removed, the wells
were washed in 3 changes of PBS, and colored for
15 min with 0.1% aqueous solution of crystal violet
(CV). The wells were rinsed extensively in several
changes of PBS, the dye was solubilised with either
a mixture of ethanol and acetone in proportion 4:1
for the Gram-positive strains, or 70% ethanol for
the Gram-negative strains. The absorbance of the
solubilised dye was measured at 570 nm.

Results and Discussion
Culture media may have different effect on
bacterial growth and biofilm formation
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Preliminary experiments on the growth
dynamics of the tested strains inoculated on 96-
well polystyrene plates have confirmed that on
hour 24 of culture all strains in all media are in the
stationary phase (data not shown).

For the purpose of the present study we
measured the OD 620 of the wells as an indicator
of the bacterial growth and then carried out the
procedure for CV staining to measure biofilm in
these same wells. On Fig. 1. is shown the comparison
between non-biofilm and biofilm growth within the
same experiments.
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Fig. 1. Comparison of the effect of growth medium
on bacterial growth (dark bars, absorbance at 620
nm) and biofilm formation (light bars, absorbance
at 570 nm). The experiment was performed in 96-
well plates, after cultivation for 24 hours at 37°C.

The results show that conditions that do
not stimulate growth in broth may be promoting
biofilm growth, and vice-versa. Thus S. aureus
ATCC 29213 does not grow well in the liquid phase
of M63 medium however it develops significant
amount of biofilm in these same wells. While the
MH broth culture promotes the planktonic growth
of B. subtilis 168 compared to M63 medium, this
strain produces more biofilm in the minimum salt
medium than in MH. Likely is the situation with E.
coli 420.

The development of biofilms in nutrient-
limited media such as M63 has rarely been compared
to that in rich media. Strain specificity of nutrient
demands hasbeenreported for Campylobacter jejuni



(Tehetal.,2016). The impact of the nutritional stress
may be observed not only as changes of biofilm
biomass. Thus, for Burkholderia pseudomalei
it has been shown that growth of both plankton
and biofilm under nutritional stress promotes the
tolerance to antibiotics (Anutrakunchai et al., 2015,
2018). These results imply that the screening for
anti-biofilm substances may benefit from parallel
experiments performed under different nutritional
conditions.

Culture media may have diverse effects on the
dynamics of biofilm growth

The processes of bacterial biofilm
development follow the same general pattern
(Souza dos Santos et al., 2018). Initially, the motile
bacteria approach the surface that is to be colonised
and explore it by moving to and fro. This has been
observed also in real time in our experiments by the
application of TIRM to E. coli 420 (Velinov et al.,
2011). This is the phase of the reversible adhesion.
From one moment on some bacteria lose their
flagella and attach irreversibly to the substratum.
This is followed by attached growth of the bacteria
starting with the formation of microcolonies,
accummulation of biofilm biomass and, finally,
mobilization of some cells and their detachment
from the biofilm in search of novel niches. The
latter process is little known, expectedly it is related
with processes of degradation or loosening of the
biofilm matrix (Huang et al., 2018).

While there is general agreement that biofilm
development follows the above-outlined stages, it
has to be taken into account that these processes
exhibit complex spatio-temporal dynamics (Lee et
al., 2019). The present experimental results show
that the time course of biofilm growth may vary
dependent on the growth medium. Fig. 2 shows
the comparison between the time-courses of the
biofilm development by P. aeruginosa PAO1 in
three media, followed diurnally, on days 1, 2, and
3. It is clearly seen that in M63 medium the biofilm
biomass increases between hours 24 and 72. Just the
opposite, in LB the biofilm reaches its maximum
value on hour 24 and this is followed by diminution
of the biomass. Most probably, in the rich medium,
once the biofilm has reached the state of significant
growth, the bacteria sense some stimuli to become
mobilized, leave the sessile community and explore
new niches. This dynamics has to be considered
when choosing the appropriate protocols for either
inhibition of biofilm growth, or dispersal of pre-
formed biofilms. And, finally, the data show that
MH is promoting less than the other two media the
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sessile growth of this strain. In this medium, the
biofilm reaches maximum development on day 1,
followed by some diminution at later intervals.

P. aeruginosa PAO1
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Fig. 2. Time-course of biofilm development by
P. aeruginosa PAO1 in three growth media.

These time-course responses of P. aeruginosa
PAOI1 to the growth media characterize this strain
but should not be extrapolated to other strains of
this species. Thus, a vast variety of nutritional
preferences between the three growth media have
earlier been demonstrated for a big collection of
clinical and environmental isolates of P. aeruginosa
(Cullen et al., 2015).

The spatio-temporal dynamics of biofilm
development and especially the mobilization and
detachment of bacteria at later stages of the sessile-
growth process have another important aspect:
cells detached from biofilm may exert significant
differences from cells grown as plankton.
Thus, detached cells of S. aureus differed from
plankton in their physico-chemical characteristics,
cytotoxicity to He-La cells and production of
virulence factors (Khelissa et al., 2017). Detached
cells of P aeruginosa had higher susceptibility
to benzakonium chloride than cells grown as
plankton (Khelissa et al., 2019). Therefore, future
experiments aiming to find substances applicable
for biofilm control should include also the effects
on biofilms at the advanced stage of development,
the detachment phase.

Strain-specific responses of biofilm growth to
temperature

The set of E. coli K-12 strains used in
the present study have been often included in
experiments in our laboratory, with variable results
between M63 and MH media (Vacheva et al., 2011,
2012 a, b) These studies have shown strain-specific
responses to the growth medium.

In the present study we show that, in the same
medium - MH, the biofilm-formation response to



growth temperature may also be strain-specific
(Fig. 3). The duplicate set of experiments started
from the same overnight inocula for each strain,
diluted 1:100 in MH, and two identical plates were
prepared and incubated at either 20° or 37°C. As
expected, the OD 620 nm showed that in the liquid
phase all strains grew better at 37°C (Fig 3A). But
the biofilm developed in these same wells did not
show such a strict pattern.
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Fig. 3. Effect of cultivation temperature on the
growth (A) and biofilm formation (B) of E. coli
K-12 strains in MH broth.

Strains 3110, 409 and 446 have previously
been shown to form almost no biofilm at 20°C
in M63 medium (Vacheva et al., 2012b). The
present experiments performed in the MH medium
confirmed this peculiarity for 3110 and 446.
However at 37°C an increase of biofilm biomass
was registered for strain 409 (Fig. 3B).

For their biofilm formation, strains 1655,
420 and 406 demonstrated preference for 20°C
(Fig. 3B). Such a temperature preference has been
shown earlier for many other K-12 strains though
strain specific responses have also been observed
(Mathlouthi et al., 2018). Investigations on other
bacterial species have also focused on the effect
of temperature on biofilm. Temperatures lower
than 35°C promoted sessile growth of Salmonella
enterica serovar Enteritidis (Iliadis et al., 2018)
and Acinetobacter baumanii (De Silva et al.,
2018). Cultivation at 37°C of Streptococcus uberis
resulted in bigger biofilm biomass than at lower
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temperatures. Different data for the temperature
preferences of Listeria monocytogenes have
been reported by different laboratories (Nowak
et al., 2015; Dhowlaghar et al., 2018). Growth
temperature is an important factor not only because
it affects biomass. It has been reported that growth
temperature of S. aureus and P aeruginosa
influenced biofilm resistance for disinfectants (Lee
et al.,2015; Abdallah et al., 2015a, b).

Summing up the present experimental data,
it can be concluded that the species- and strain-
peculiar responses to growth conditions have to be
considered when preparing experimental designs
directed to the identification of novel substances
with putative application for biofilm control of the
model Gram-positive and Gram-negative strains.
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Abstract

Symptoms of virus diseases on the leaves of the medicinal plant species Echinacea purpurea (L.)
Moench. —purple coneflower were observed in the trial fields of the Institute of Rose, Essential and Medicinal
Cultures (IREMC) near Kazanlak and private gardens in Kazanlak, Bulgaria. Virus diseases, caused by the
following viruses were established on E. purpurea: Alfalfa mosaic virus (AMV), Cucumber mosaic virus
(CMV), Tobacco mosaic virus (TMV), Tomato spotted wilt virus (TSWV) and Potato virus Y (PVY).
These viral pathogens existed in Echinacea plants in individual or most commonly in mixed infections.
The symptoms caused by viral pathogens were spotting (chlorotic spots of different shape and size) on the
leaves, sometimes typical mosaic, reduction in leaf size and flower head diameter and especially decrease
in the height of the stems, called dwarfing. The results of the study have shown, that the most widely spread
were CMV, AMV, TMV - over 45 % and TSWV —nearly 30 %. Clear differences were detected in the yields
of roots, seeds and leaves between Group I of symptomless Echinacea plants (practically healthy without
symptoms or damage) and the spotted Echinacea plants (Group II — of spotted and dead plants and Group
IIT - of spotted, but vital plants, in which the viruses were established. The spotted Echinacea plants were
shorter (dwarfed) in comparison with the symptomless plants with fewer leaves and flower heads. The yield
of the seeds, leaves and roots of the spotted plants was twice or several times lower in comparison with the
symptomless plants
Keywords: influence on the yield of Ecinacea purpurea plants, caused by AMV, CMV, TMV, TSWV.

Pe3rome

CuMnromMuTe Ha BHPYCHH OONieCTH MO JIMCTaTa Ha MEAMIMHCKOTO pactenue Ecinacea purpurea (L.)
Moench. 6sixa HabmonaBanu B MucTuTyTa 110 Po3ara, ereprunomacnenure u meaunuacku Kyarypu (MPEMK) B
Kaszanrbk 1 gacTHU rpasuHu okosio Kasanibk, benrapus. BupycHu Oonectu, npu4nHEHH OT CIIEJHUTE BUPYCH:
Alfalfa mosaic virus (AMV), Cucumber mosaic virus (CMV), Tobacco mosaic virus (TMV), Tomato spotted
wilt virus (TSWV) u Potato virus Y (PVY) Gsixa ycraHoBenu Ha E. purpurea. BupycHuTe maToreHu 3apasssar
€XMHALIEEBUTE PACTEHUS II0-4€CTO KaTO CMECEHA MH(EKIIHS OT HAKOJIKO BUPYCa U MO-PSIIKO €ANHUYHA HH(EKIUA
OT €IMH BUpYyC. BupycHHUTE maToreHy NpUYMHABAT CUMIITOMU HA HaleTHSABaHE (XJIOPOTHYHU METHA C pa3iuyHa
¢dopma u ToneMuHa), TOHSAKOTa TUIMYHA MO3aika, HAaMAJIsIBaHE pa3Mepa Ha JIMCTHHUTE TETypH U AWaMeThpa Ha
CBIIBETUSATA U CIIELMAIHO HaMaJIssBaHe BUCOUMHATA HA CTHONATa, HAPEUEHO BIUKY/KaBaHe. Pesynrarure ot mpo-
YUYBAHETO [TOKA3BaT, ue Hall-upoko pasnpoctpanenu ca CMV, AMV u TMV —nan 45 % B Hacaxxnenne u TSWV
— nmoutu 30 %. OT4eTIMBH pa3NuKu B TOOWBHUTE HA KOPEHH, JIUCTA U CEMEHA OT €XMHAIICeBU pacTeHHs Osxa
JI0Ka3aHU B paslpeziesieHuTe 1o rpynu pacrenus: [IspBa rpyna — 6e3cMMOTOMHU (IIPaKTHYECKH 3][paBU pacte-
HUS - 0e3 BUPYCH WIIH C JIaTeHTHA nHpeKIus, Oe3 mposiBa Ha CUMNITOMHU), BTopa rpyna — HaneTHeH! 0T BUPYCHU
MIAaTOTEHH PACTEHUS - M3CHXBAIM U 3arvBaniy U Tpera rpyna — HalneTHEH! OT BUPYCHH MAaTOTeHU PACTEHHUS, HO
XKH3HECTocoOHU. HaneTHeHnTe eXrHaIieeBu pacTeHus 0sixa ¢ HaMasieH XaOuTyc (BIKY/DKEHH) U ¢ HaMaJIeH Opoid
JIMCTA U CHIBETUS B CpaBHEHHE ¢ Oe3cumnToMHuTE. JlIoOOMBBT Ha ceMeHa, KOPEHH U JIUCTA ITPU HAIIETHEHUTE pac-
TEeHHs1 OeIIIe OT J[Ba JI0 HAKOJIKO IThTH MO-HUCHK B CPABHEHUE C OE3CHUMIITOMHHTE €XUHAIICCBH PACTECHHSI.

* Corresponding author: b.dikova@abv.bg

66



Introduction

Virus diseases reduce yields and deteriorated
the quality of the agricultural crops. The results
of the research showed that the economically
important purple coneflower (Ecinacea purpurea)
viruses in Bulgaria are Alfalfa mosaic virus
(AMYV), Cucumber mosaic virus (CMV), Tobacco
mosaic virus (TMV) Tomato spotted wilt virus
(TSWV) (Dikova, 2011; 2012; 2016; Dikova et
al., 2010; 2013). In Ukraine, it was found that
the purple coneflower plants were infected with
TSWV —in 2012, PVY - in 2013, and TRV - in
2014 (Dunich and Mishchenko, 2015; Mishchenko
etal.,2015). CMV, PVY, TMV u TSWYV in a mixed
infection in only one purple coneflower plant were
established by Horvath et al. (2006) in Hungary.
The most harmful is CMV, which has circulated on
the E. purpurea plants for several years, because
Echinacea plants are cultivated for harvesting as a
perennial crop.

E. purpurea (L.) Moench.), the most
powerful immunostimulating agent among the
medicinal plants is widespread in natural habitats
in the North of the USA and southern Canada.
The soil and climatic conditions in Bulgaria are
very suitable for cultivation of this medicinal
plant species. Apart from the reduced quantities
of the root, leaf and seed yields, Echinacea plants
affected by viral pathogens have pathogen-induced
changes in the chemical composition most probably
reflected on the immunostimulating properties of
this medicinal crop. According to Bellardi et al.,
(2001) the concentration of Germacrene D and of
some alkylamide components in root extracts of
Echinacea plants, infected by CMV is significantly
decreased in comparison with the root extracts of
healthy plants.

The objective of the research was to establish
the influence of virus diseases on the yield of the
medicinal plant species E. purpurea (L.) Moench.

Material and Methods

E. purpurea plants were analyzed in the
Department “Plant Protection” in the Institute
of Soil Science, Agrotechnologies and Plant
Protection (ISSAPP) “Nikola Poushkarov”, Sofia,
Bulgaria. The methods of analysis were ELISA
(DAS-ELISA) (Clark ef al., 1977) and the indicator
method using indicator test plants (Kovachevsky
et al., 1985). Samples of Echinacea plants were
collected from the trial fields of the Institute of
Rose, Essential and Medicinal Cultures (IREMC),
near Kazanlak, Bulgaria and from private gardens
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in Kazanlak. Some of the Echinacea plants were
with symptoms of virus diseases while others were
symptomless. Each sample from an individual
Echinacea plant was analyzed with DAS-ELISA
kits, purchased from LOEWE, Biochemica
(Germany) for the following viruses: A. mosaic
virus (AMV), C. mosaic virus (CMV), T. mosaic
virus (TMV), T. spotted wilt virus (TSWV) and
Potato virus Y (PVY). DAS-ELISA tests were
carried out according to detailed descriptions
in other publications (Dikova, 2012; 2016).The
indicator method using differential indicator (test)
plants, such as Nicotiana tabacum cv. Samsun NN,
which was a differential indicator for TSWYV, ToMV
and CMV is very suitable for visual detection of
each of these plant viruses (Dikova, 2016; 2019).
In addition to DAS-ELISA some viruses, such as
TSWV, ToMV and CMV were also identified by
the reaction of the indicator (test) plants: Nicotiana
tabacum, cv. Samsun NN.

The negative influence of the disease-causing
viral pathogens, affecting the quantity and quality of
the yield of roots, leaves and seeds from these plants
was studied in a three- year Echinacea plantation in
a private garden near IREMC, Kazanlak. The data
for each of these 7 Echinacea plants were presented
in another paper (Dikova et al., 2013). The present
study recapitulates the initial data on the following
groups of plants: Group I included two symptomless
Echinacea plants; Group II were three spotted and
perishing plants and Group III were two spotted,
but vital Echinacea plants without drying.

Results and Discussion

Symptoms of virus diseases were often
observed in private gardens, adjacent to vegetable
gardens and viral pathogens were afterwards
established by DAS-ELISA and the indicator
method. The viral pathogens caused damage to
the Echinacea plants such as stunted plant habitus
(mainly height and width of the stems), decrease in
leaf laminas and the diameter of the flower heads.
Typical symptoms caused by CMV and TSWV
viruses on purple coneflower plants originally were
spotting, mosaic symptoms (Fig. 1) and dwarfing —
decreasing the habitus of the plants. The difference
between the symptomless Echinacea plants (Fig.
2) and the spotted virus - infected plants (Fig. 3)
can be determined by some of these biometrical
indices. TSWV caused typical symptoms as like
light yellow to bright yellow circular or irregular
spots on the middle and lower stages of leaves that
subsequently turned into necrotic spots.



Fig. 1. E. purpurea leaves with
symptoms of mosaic, caused by
CMV.

plant

Fig. 4. Root sprout, used for
propagation and preparation of
seedlings

The mixed infection of several viral
pathogens caused dwarfing of some plants (Fig.3)
and as a consequence decreased quantity and
quality of leaves (herba) and flowers. Symptoms
(typical mosaic symptoms) of single infection with
Cucumber mosaic virus (CMV) on the Echinacea
leaves are shown on Fig. 1.The purple coneflower
plants are often propagated by root sprouts (Fig. 4)
and then the incidence of the virus diseases in the
adult plants is certain (Fig. 5).

The results on the viruses established in .
purpurea plants by DAS — ELISA are presented in
Table 1.

CMV was established by DAS-ELISA as
well as by the reaction of the indicator (test) plant
N. tabacum cv. Samsun NN (Fig. 7) and TSWV

Fig. 2. Symptomless E. purpurea

spotted by viral pathogens

i

Fig. 3. Tuft of E. purpurea plants
-spotted and dwarfed plants by
viral pathogens

Fig. 6. E. purpurea plant tuft with
symptoms of spotted and dried
leaves by artificial CMV/ TSWV
infection

was proven by the reaction of the N. tabacum cv.
Samsun NN too (Fig. 8).

The yield of seeds, obtained from the symp-
tomless E. purpurea plants (Group I) was over
20 times higher in comparison with the yields of
Groups II and III — plants with symptoms of virus
diseases (Table 2). Group I were practically healthy
without symptoms and without viruses Echinacea
plants, or viral pathogens were in very low con-
centrations and caused latent infection. The yield
of roots in Group I — the symptomless (practically
healthy) Echinacea plants was 11 times higher in
comparison with the yield in Group II of spotted
and dead plants and 4 times higher in comparison
with the yield of Group III of spotted, but vital
plants (Table 2). The yield of leaves (herba) from

Table 1. Data about economically important viral pathogens established on E. purpurea by DAS-ELISA

Name of viral pathogen Number of Number of plants % diseased plants
analyzed plants with viruses in comparison with all
tested plants
Cucumber mosaic virus (CMV) 53 24 45.5
Alfalfa mosaic virus (AMV) 36 20 55.5
Tomato mosaic virus (TMV) 12 6 50.0
Tomato spotted wilt virus (TSWV) 11 27.3
Potato virus Y (PVY) 32 1 3.13
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Fig. 7. Systemic symptoms of
CMV on differential test plant
N. tabacum cv. Samsun NN

Fig. 8. Systemic symptoms of
TSWV on differential test plant
N. tabacum cv. Samsun NN

Table 2. Comparison between the yield of roots, leaves and seeds from symptomless (practically healthy)
E. purpurea group of plants and virus-spotted E. purpurea groups of plants, and biometrical indices

influenced by virus diseases

o . Average yield in g per groups of
Yield in g per groups of Echinacea plants Echinacea plants
Group II - Group II -
Yield Group I - spotted by Group III - Group I - spotted by Group III -
symptomless . spotted by | symptomless . spotted by
. viruses . . . viruses . )
(practically L viruses vital | (practically L viruses vital
healthy) plants perishing plants healthy) plants perishing plants
plants plants
Seeds in group 42 3 1 21 1 0.5
Leaves (herba) 875 0 195 438 0 98
in group
Roots in 1565 212 355 783 71 178
group
Stem height 164 167 125 82 56 63
1mn cm
Number of 39 24 19 20 8 10
rosette leaves
Number of 390 124 77 195 41 39
stem leaves
Number of
flower heads 70 32 32 35 11 16

dead and perishing Echinacea plants was zero, and
the yield of spotted and vital plants was fourfold
lower in comparison with the symptomless plants
(Table 2). The biometrical indices in Group I of
symptomless plants were higher in comparison with
the biometrical indices of the plants in the groups
with symptoms of virus diseases. The stem height
of Group I of symptomless plants was 26 cm taller
in comparison with Group II of spotted and dead
plants and 19 cm taller than in Group III of spot-
ted, but vital plants (Table 2). The number of the
stem leaves in Group I of symptomless plants was 4
times higher in comparison with Group II of spotted
and dead plants and 5 times higher in comparison
with Group III of spotted, but vital plants (Table 2).
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The flower yield (flower heads) in Group I of symp-
tomless plants was 2,9 times higher in comparison
with Group II of spotted and dead plants and twice
higher in comparison with Group III of spotted, but
vital plants (Table 2).

Wilting and drying, caused by C. mosaic vi-
rus (CMV) of adult vegetable plants were proven
on the field and in greenhouses (Kovachevsky et
al., 1985). Perishing Echinacea plants with mosa-
ic symptoms, caused by CMV on the leaves were
established in Echinacea tufts too (Dikova et al.,
2013).

The means of virus control in Echinacea pur-
purea crops are preventions of viral invasion by in-
sect pest control of transmitters: aphids for AMV,



CMYV and PVY and of thrips for TSWV after inves-
tigations of the plantations. TMV control includes
phyto-sanitary means against this mechanically
transmitted virus.

Conclusion

The results from the studies of the symptoms
on virus diseases, caused by CMV, AMV, TSWV,
TMYV and PVY on the yield showed that the viral
pathogens caused serious injuries on the E. pur-
purea plants that has worsened their yield of roots,
seeds and leaves in terms of quantity. ELISA meth-
od (DAS-ELISA) permitted the analysis of a large
number of E. purpurea samples for several viral
pathogens simultaneously. The indicator method
using a differential indicator (test) plant, such as N.
tabacum cv. Samsun NN, which was a differential
indicator for TSWV, TMV and CMV is very suita-
ble for visual detection of each of these plant virus-
es (Dikova, 2016).
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Events

72 Years since the Establishment of the “Stephan Angeloff” Institute of
Microbiology at the Bulgarian Academy of Sciences

CONGRATULATORY ADDRESS BY THE DIRECTOR OF THE INSTITUTE
Honoured guests, dear colleagues, ladies and gentlemen,

Today, it is with pride, self-esteem and confidence that we are celebrating the 72nd anniversary of the
Institute of Microbiology “Stefan Angeloft” at the Bulgarian Academy of Sciences!

Later this year we all shall also celebrate the 150th anniversary since the founding of the Bulgarian
Academy of Sciences — a symbol of our nation and one of the pillars of our national identity and heritage.
Founded in the distant 1869 as Bulgarian Literary Society, it was later (in 1911) renamed Bulgarian Academy
of Sciences. Both praised and condemned in the years, the Academy has been able to assert itself not only as
a scientific but also as one of the main enlightenment and spiritual centres in the country. It has always been
a strong proponent of the free development of science and technology, and to this day continues to keep up
the spirit and scientific thought and significantly contribute to the development of Bulgarian culture, econo-
my and the state as a whole. As a leading national centre of science, the Academy affirms the prestige of our
nation and promotes the image of Bulgaria within the united European family as well as around the world.
“It is up to us to be equal to the other European nations’, said Vasil Levski, the Apostle of Freedom, and this
covenant is kept and passed on to the next generations of scholars and researchers, filling our everyday lives
with substance and meaning!

Today's formal assembly is a worthy opportunity for us to state with openness and conviction: our In-
stitute is a recognized centre of microbiological sciences in Bulgaria and Southeast Europe, the Institute has
gained European popularity and identity, the Institute has educated and trained a multitude of microbiolo-
gists of international renown, and, last but not least, it is an attractive training centre for young professionals
in microbiology, immunology and biotechnology.

Founded on March 7, 1947 by the internationally acclaimed Bulgarian scientist Academician Stefan
Angeloft, the Institute of Microbiology at the Bulgarian Academy of Sciences has been consistently devel-
oping the main branches of the microbiological science - bacteriology, virology, mycology, general and
industrial microbiology, and immunology. The founder, whose name the Institute has been proudly bearing
since 1997, was also the person to lay the foundations of microbiology as a science in Bulgaria. He intro-
duced the diagnostics of syphilis, cholera, and epidemic typhus, as well as of swine fever, foot-and-mouth
disease, dourine of horses, production of anthrax vaccine and serum, malein and tuberculin, and supervised
the fight against tuberculosis and cholera. In 1913, Stefan Angeloff developed an original vaccine against
cattle plague, whose production was organized in the village of Ladzhakyoi (Bourgas Region), and which
for the first time curbed the spread of this devastating epizootic in Europe. He was one of the founders and
repeatedly elected dean of the Faculty of Veterinary Medicine at Sofia University, and from July 14, 1947,
having taken over the leadership of the Institute of Microbiology at the Bulgarian Academy of Sciences,
until 1961 dedicated himself to the development and consolidation of the Institute and his own scientific
school of thought. For his outstanding merits, Academician Angeloft was conferred with high national and
international honours: Doctor Honoris Causa of Berlin University (1932) and of the Faculty of Veterinary
Medicine in Hanover (1940), Honorary Member of the Imperial Leopoldina Carolina German Academy of
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Natural Sciences in Halle (1940), Corresponding Member of the Academy of Agricultural Sciences (Berlin)
(1955). Professor Angeloft was Rector of Sofia University “St. Kliment Ohridski” (1941-42), was granted the
honorific titles Corresponding Member (1943) and Academician (1947), and twice Dimitrov Prize Laureate
for his overall scholarly work (1950) and for Bistrin preparation (1952).

Today, the Institute as our legacy is a well-established national research centre in the field of microbio-
logical sciences. The strategy of its activities is focused on issues of major importance to the healthcare, food
and pharmaceutical industries and national ecology. In addition, a substantial share of its activities is taken
up by teaching and training graduate and doctoral students. Our scholars are sought-after experts in many
international and national boards and committees of ministries, agencies and organizations.

Contemporary scientific research at the Institute of Microbiology encompasses a number of major
sections of microbiology.

In the area of infectious bacteriology, factors and mechanisms of bacterial virulence are intensively
studied: lipopolysaccharides, membrane proteins, enzymes; pathogenesis and ecology of yersiniosis, co-
li-bacteriosis, salmonellosis and other food zoonoses, molecular epidemiology of tuberculosis; genetically
engineered bacterial vectors to create a new generation of vaccines for classical swine fever and other dis-
eases; testing of various natural and synthetic products for antibacterial activity; bacterial resistance to anti-
microbial agents; vaginal lactobacilli - molecular and genetic analysis and their role in sexually transmitted
infections; bacteriocins; development of methods for microbiological control of food products.

In the field of virology, experimental chemotherapy of viral infections is also being researched; de-
velopment of effective anti-adenoviral chemotherapy; antivirals against toga- and flaviviruses; new viral
inhibitors of synthetic and natural origin (plant, microbial); mechanisms of action of viral inhibitors; basis
of resistance to viral inhibitors; biological response modifiers - immunomodulators, interferon inducers,
antioxidants; combined effects of viral replication inhibitors, antiviral microbicides - a screening system,
development of a new generation of antiviral disinfectants; viruses in the etiopathogenesis of Balkan endem-
ic nephropathy; viruses - diabetes; human papillomaviruses - cervical cancer; influenza viruses - influenza
infection pathogenesis, use of antivirals against influenza.

In infectious immunology, immunopharmacological tests are carried out on substances of natural or-
igin (microbial and plant) and synthetic products; their immunomodulatory effect is tested in experimental
models of infections and tumours in laboratory animals; autoimmune disorders caused by infection; a con-
cept of physiological autoimmunity has been developed; mechanisms of autoimmunity control; investiga-
tion into the role of natural autoantibodies in autoimmune diseases; restoring tolerance to DNA with genet-
ically engineered chimeric molecules as a new approach to the treatment of systemic lupus erythematosus.

In the field of applied microbiology, a large-scale genetic analysis is underway of microorganisms
used in the food and pharmaceutical industries - lactobacilli, streptomycetes, yeasts. Microbial cell response
to physiological stress is characterized; selection and properties of microorganisms used as starter cultures
in the production of food products; work on the production, properties and spectrum of application of
biologically active microbial products - enzymes (including thermostable), such as superoxide dismutase,
polylonase, inulinase, proteases, pectinases, amylases, TAQ-polymerase, neuraminidase; organic acids, vi-
tamins and growth factors; amino acids; biosurfactants; antibiotics; cell cultures from endemic plants as a
source of biologically active substances for the food and pharmaceutical industries; mathematical modelling
of biotechnological processes; microbial ecology - microbiological monitoring of soils and waters; the role
of microorganisms in bioremediation and biodegradation; biogas technology.

The overall research activity of the scientists in the above areas was highly evaluated in the Interna-
tional audit by experts of the European Science Foundation and the European Federation of Academies of
Sciences in 2009. The Institute was given maximum assessment scores and was placed among the top Ac-
ademic Institutes. The 2017 evaluation of the Ministry of Education and Science also ranked the Institute
among the elite institutes. The prestigious valuation, which was mainly the result of the consistent and con-
stant efforts of the scientists at the Institute over the last 10 years, as well as of the national and international
prestige of the team and leadership, is certainly motivating and requires a large amount of work for ever
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better achievements.

One of the most significant events in the Institute's life was its admission to the family of institutes
associated with the Pasteur Institute (Paris) on June 26, 2004. We are one of the six European institutes
with such status, along with the Pasteur Institutes of Brussels, Saint Petersburg, Lille, Athens and Sapienza
(Rome). It is a recognition of great significance for the overall work of our Institute. In addition, it should
be pointed out that the Institute is the founder and headquarters of the Balkan Society of Microbiology, as
well as a coordinator and centre of cooperation in Southeast Europe

At present, the Institute has 5 departments, 4 sections and 14 laboratories and an individual member-
ship of 143, of which one academician, two corresponding members, one professor, 6 doctors of science, 19
associate professors, 28 senior assistants and 27 assistants. It is noteworthy that approximately 20% of the
research staff are young people under the age of 35, which renders our institute one of the most creditable
and promising in the Academy and the country. Moreover, our young colleagues are traditional winners of
the awards of the Akad. Prof. Dr. Stefan Angeloft Foundation for excellence in the field of microbiology, the
Prof. Marin Drinov Award for young scientists under 35 for achievements in the field of biological sciences,
the Pythagoras Prize for young scientists in the field of plant biotechnology as well as the Pythagoras Prize
for established scientists in the field of biomedical sciences. In the past year, scientists from the institute have
also won the Science Award for Excellence of the Union of Scientists in Bulgaria, a Diploma of Excellence
from the Bulgarian Academy of Sciences, the government prize for the most cited scientist in the field of
engineering and environment for 2017/2018, an honorary plaque for contribution to the development of
science at the University of Food Technologies and others.

In the context of a funding gap, the Institute's researchers tirelessly and committedly work on projects
under the European Union and European Space Agency programs, the National Science Programs, the
Pasteur Institutes Network, National Fund for Scientific Research (NFNI), Bilateral Research Programmes
(EBR), etc. in cooperation with foreign partners, organizations and companies. Work is also being actively
initiated at the competence centres, opening a five-year horizon for development. Projects implemented
with teams from the Bulgarian Academy of Sciences, universities, Bulgarian companies, also have a fair
share in overcoming the financial shortages of the Institute.

By formally celebrating this important event, today we pay tribute and respect to our predecessors,
who have worked actively and consistently to promote the Institute's position and achievements. In the years
of political transition, filled with many hardships and vicissitudes, we should sincerely thank Academician
Angel Simeonov Galabov, Director of the Institute for 17 years, for his incessant aspirations to raise the
name and prestige of the Institute, the values of the scientific community in the Academy and defend its
interests and ambitions. We wish you strong health and creative longevity, Academician Galabov!

The history of the Institute will continue to be enriched with names, facts, events and analyses, and
completed with the contemporary scientific, research and development work of our scientists, however, let
us not forget the lessons of the past and appreciate the contribution of our celebrated predecessors, who
outlined the future of the Institute as an integrated and unique centre for research and innovation in micro-
biology, with a deserved place in the European science domain.

Congratulations on the 72nd anniversary of our Institute, dear colleagues and guests!

Cor.-Mem. Hristo Naidenski, D.V.M.
Director of the Institute
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Cronicle

S5th National Congress of Virology
Days of Virology in Bulgaria
with international participation
2-4 October 2019, Sofia, Bulgaria

Dear colleagues,

On behalf of the Organizing Committee, I would like to invite you to participate in the 5th National
Congress of Virology/Days of Virology in Bulgaria which is held in Sofia, at October 27-4", 2019.

All branches of the modern virology will be considered during the congress: general (fundamental)
virology, medical virology, veterinary virology and plant virology.

The program will includes plenary lectures done by invited speakers (lasting 30 minutes), oral (15-min-
utes) reports and poster presentations.

We shall be happy to hear your recent research achievements in the mentioned above domains of the
virology.

The registration details will be given in the website: http://www.daysofvirology2019.com/
Professor Angel S. Galabov, MD, DSc

Regular member of the Bulgarian Academy of Sciences
President of the Congress Organizing Committee
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The journal Acta Microbiologica Bulgarica is organ of the Bulgarian Society for Microbiology
(Union of Scientists in Bulgaria). The journal is continuation of the edited till 1993 journal of the same
name, cited in Index Medicus and Medline. The new edition is published two times per year.

Types of articles

The journal publishes editorials, original research works, research reports, reviews, short
communications, letters to the editor, historical notes, etc from all areas of microbiology. The manuscripts
should not represent research results which the authors have already published or submitted in other books
or journals. The papers submitted for publication in Acta Microbiologica Bulgarica are peer-reviewed by
two experts from the respective scientific field who remain anonymous to the authors.

Article structure

The papers are published in English, accompanied by a bilingual summary (English and Bulgarian).
The papers should be typed with double-spacing (28-30 lines), on a white paper in A4 format, with
margins of 3 cm.

The length of the original research paper, including the annexes (tables, figures, etc.) should not
exceed a signature or printer’s sheet (30,000 signs, that is, 16 pages with 30 lines each) in Times New
Roman 12. The length of shorter reports should not exceed seven pages.The submitted manuscript must
contain the name/s and surname/s of the authot/s, the name and address of the institution and or organisation
where it was prepared. The name and address of the corresponding author should be noted. The abstract
should not exceed 250 words and should represent briefly the goals, methods, main results (with numerical
data) and basic conclusions of the research.The most essential six keywords must be added to the abstract.
The manuscript contains the following sections: introduction, materials and methods, results, discussion,
acknowledgements, references. The introduction must be concise with a clearly defined goal and with
previous knowledge of the problem. The materials and methods ought to contain sufficient data to enable the
reader to repeat the investigation without seeking additional information. The results should be presented
briefly and clearly, and the discussion should explain the results.The measuring units and other technical
data should be given according to the Sl-system. Illustrations (tables and figures) are submitted separately
and their places in the text should be clearly indicated. Tables should be given in a separate sheet, numbered
and above-entitled. The figures must be accompanied by legends in a separate sheet.

Reference style

The references used are cited in the manuscript as follows:
¢ In the case of single author - the author’s surname and the year of publication (Petrov, 2012);
e In the case of two authors - the authors surnames and the year of publication (Petrov and Vassileva,
2013);
e In the case of more than two authors - the first author’s surname, at al/l., and the year of publication
(Christova et al., 2014).
The references included in the section “References” of the manuscript should be arranged first
alphabetically and then further sorted chronologically if necessary. More then one reference from the
same author(s) in the same year must be identified by the letters “a”, “b”, “c”, etc. place after the year of
publication.
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Examples:

Reference to a journal publication:

Georgiev, P., V. Simeonov, T. Ivanov (2010). Production of thermostables enzymes. Biotechnol. Biotec.
Eq. 27: 231-238.

Reference to a book:

John, R., W. Villiam, G. Wilmington (2011). New approach for purification of enteroviral proteins, in:
Peterson, K., A. Smith (Eds.), Methods in Proteinology. Elsevier, London, pp. 281-304.

Journal names should be abbreviated according to the List of Title World Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/

Manuscripts should be submitted to the Editorial Board of the journal Acta Microbiologica Bulgarica in
electronic version of the paper to the following address:

vanianik@mail.bg

The publications in Acta Microbiologica Bulgarica are free of charge. The authors of the manuscripts
need to cover the costs of printing collared illustrations.
https://library.caltech.edu/reference/abbreviations/
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