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ABSTRAKT

Robert Szabé: Molekularna epidemiologia hantavirusov v strednej Europe
a antivirusovy skrining proti zoonotickym virusom sposobujicim hemoragické
horucky

Univerzita Komenského v Bratislave, Prirodovedecka fakulta, Katedra mikrobiologie
a virologie, Bratislava, Slovensko

Univerzita Cagliari, Katedra biomedicinskych vied, Monserrato (CA), Taliansko
Dizertacna praca, 2017; 130 stran, 17 obrazkov, 13 tabuliek, 3 prilohy.

Puumala orthohantavirus (PUUV) a Dobrava-Belgrade orthohantavirus (DOBV) st
medicinsky najvyznamnejSie hantavirusy v strednej a zadpadnej Eurdpe. V tejto praci
sme analyzovali celkovo 578 drobnych cicavcov (druhy C. glareolus, A. agrarius, a A.
flavicollis) na pritomnost hantavirusovej RNA. Ciastkové sekvencie PUUV
genomovych segmentov boli ziskané z 51 hrdziakov, DOBV z 1 rySavky tmavopase;.
Fylogenetické analyzy vSetkych troch gendémovych segmentov ukazali, Zze
novoobjavené PUUV kmene zo Sumavy, Ceska republika, st najviac pribuzné kmefiom
zo susedného Bavorského lesa, zndmej oblasti epidémii hantavirusovych infekcii.
Slovenské PUUV kmene boli zoskupené so sekvenciami z Bavorského lesa iba v
analyzach M segmentu, nie S segmentu. Tento topologicky nestlad napoveda
reassortment segmentov alebo, kedze sme analyzovali iba Cciastkové sekvencie,
homologicku rekombinaciu. V dalSej cCasti prace sme vyhodnotili sadu novych
derivatov aryl-piperazinu na ich antivirusova aktivitu proti PUUV a Seoul
orthohantavirusu (SEOV), pretoze eSte nebolo publikované, Ze by sa takato skupina
chemickych latok niekedy testovala proti hantavirusov a tiez preto, ze predtym uz
vykazovali Siroké spectrum biologického uc¢inku proti inym virusom. Taktiez sme
derivaty aryl-piperazinu testovali proti YFV, CVB-5, VV, VSV a HIV-1. Na zaklade
¢lankov prezentujicich protirakovinovy U¢inok sem sa rozhodli, Zze tie s vysSou
cytotoxickost'ou otestujeme tiezZ proti réznym typom nddorovych bunkovych linii.
Niektoré derivaty aryl-piperazinov boli aktivne iba proti CVB-5 a dva z nich proti

nadorovym bunkovym liniam.

Krlacové slova: Virusy hemoragickej horucky, Fylogenetické analyzy, Hantavirus,

Flavivirus, Derivaty aryl-piperazinov, Antivirusovy skrining, Protirakovinovy skrining.



ABSTRACT

Robert Szabé: Molecular epidemiology of hantaviruses in Central Europe and
antiviral screening against zoonotic viruses causing hemorrhagic fevers

Comenius University in Bratislava, Faculty of Natural Sciences, Department of
Microbiology and Virology, Bratislava, Slovakia

University of Cagliari, Department of Biomedical Sciences, Monserrato (CA), Italy
Dissertation, 2017; 130 pages, 17 figures, 13 tables, 3 appendices.

Puumala orthohantavirus (PUUV) and Dobrava-Belgrade orthohantavirus (DOBV),
are the most medically important hantaviruses in Central and Western Europe. In this
study, a total of 578 small mammals (species C. glareolus, A. agrarius, and A.
flavicollis) from Germany, Slovakia, and Czech Republic trapped between the years
2007-2012 were analyzed for the presence of hantavirus RNA. Partial PUUV genome
segment sequences were obtained from 51 voles, DOBV from 1 stripped field mouse.
Phylogenetic analyses of all three genome segments showed that the newfound PUUV
strains from Sumava, Czech Republic, are most closely related to the strains from the
neighbouring Bavarian Forests, a known hantavirus disease outbreak region. The Slovak
PUUV strains clustered with the sequences from Bohemian and Bavarian Forest only in
the M but not S segment analyses. This topological incongruence suggests a segment
reassortment event or, as we analyzed only partial sequences, homologous
recombination. In the next part of the study, we evaluated a set of novel aryl-piperazine
derivates for their antiviral activity against PUUV and Seoul orthohantavirus (SEOV),
because it has been not yet published that this group of chemical compounds was ever
evaluated against hantaviruses and they showed a great broad-spectrum biological
activity against other viruses. We evaluated these aryl-piperazine derivates also against
YFV, CVB-5, VV, VSV, and HIV-1. According to papers presenting anti-cancer
activity, we decided to evaluate those with higher cytotoxicity also against different
types of tumoral cell lines. Some of the aryl-piperazine derivates were active only

against CVB-5 and two of them were active against tumoral-cell lines.

Key words: Hemorrhagic fever viruses, Phylogenetic analyses, Hantavirus, Flavivirus,

Aryl-piperazine derivates, Antiviral screening, Anti-cancer screening.



PREFACE

Viral hemorrhagic fevers, particularly those virus species from the family
Flaviviridae which are transmitted by mosquitoes are threatening people at least since
early 18th century after their export to the New World from Africa when they caused
several large outbreaks. World Health Organization (WHO) pays an attention to
Hemorrhagic fever with renal syndrome (HFRS) since 1985, when scientists were able
to identify hantaviruses as origins of hemorrhagic fevers not only in Asia, but in Europe,
too. HFRS is known also as Nephropathia epidemica (NE). This name is used by
authors describing HFRS caused by Puumala orthohantavirus in Fennoscandia
(Scandinavia and Finland) since the disease was first described in this region by
Swedish authors in 1934. Then, HFRS was recognized also in Western Europe, Central
Europe, Balkans and Italy, as well. Milota GreSikova published the memoir
Hemorrhagic fever with renal syndrome. Her work started the interest for a virological
research of hemorrhagic fevers in Czechoslovakia (since 1993, Czech republic and
Slovakia). Daniel Carleton Gajdusek, a co-recipient of Nobel Prize in Physiology or
Medicine, whose parents came from Slovakia, also showed an increased interest for
hemorrhagic fevers, especially those which are caused by hantaviruses.

This thesis is focused on basic research of hantaviruses received from their
reservoir hosts from the regions of Central Europe. Updating the informations about
hantavirus genome informations, their molecular evolution as well as the evolution of
their reservoirs still remain an important approach in virological research due to the re-
emergences of these viruses in last years and increasing number of infected persons
annualy. It is not less important to pay attention also to other viruses causing
hemorrhagic fevers, which significantly threaten the humankind. Even though these
viruses are known for years, there is still alack of antiviral therapeutics and
prophylactics. Ribavirin, which was discovered in 1970, still remains the only one
antiviral, available. According to these challenges, we decided to search a new antivirals
which could have shown a sufficient activity against the virus replication cycle and

which could have been used once also in clinical practice.

Robert Szabo
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Introduction

Nowadays, viruses which can develop hemorrhagic fevers in humans are divided
into the families Nairoviridae, Peribunyaviridae, Hantaviridae, Phenuiviridae,
Arenaviridae, Flaviviridae, Filoviridae, Paramyxoviridae, and Rhabdoviridae. They
differ by their pathogenic potential, way of transmission, host range, reservoir hosts, and
geographical distribution. The hemorrhagic fever still remains as their common
symptom.

Hantaviruses are known relatively for a short time in comparison with other
viruses (a several decades). Their reservoirs are small mammals from the orders of
rodents, insectivores, and as it has been recently shown, bats, too. The most challenging
viruses causing hemorrhagic fevers among flaviviruses are Yellow fever virus, Dengue
virus, and West Nile virus. In contrary to hantaviruses, these flaviviruses are transmitted
by mosquitoes. All the mentioned groups of viruses represent a serious challenge in
public health due to the lack of antivirals and a sufficient prophylaxis with exception of
Hantavax, the only available vaccine against hantaviruses only in East Asia. Vaccine
against Yellow fever virus came into use in 1938. It provides a long-life immunity just
after a single dose. Dengue virus is another case which is still problematic and the
experiments of developing a vaccine protecting humans are mostly unsuccessful as well
as with West Nile virus.

Even though the term Neglected Tropical Diseases was mentioned for couple of
years, at least since the Ebolavirus outbreaks in 2014 it is obvious, that this term
belongs to the past and viral infectious diseases challenge us to develop new and
effective antivirals and vaccines to reduce not only numerous human life casualties, but
also to improve a general welfare. It is assumed that global changes responsible for such
a large outbreak of Ebolavirus have also a responsibility for increasing number of
infections also by other hemorrhagic fever viruses, such as flaviviruses and
hantaviruses, annually. Thus, it is important to pay attention to development of new

antivirals as well as effective vaccines.
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1. BACKGROUND

1.1 Global burden of infectious diseases and hemorrhagic fevers

Estimated number of annual human casualties which are directly caused by
infectious diseases in general is about 17 million, out of 57 million annual deaths
worldwide. Approximately 60% of recently emerging infectious diseases infecting
humans have a zoonotic origin and 70% have the origin in wild nature (Jones et al.,
2008). The outbreak of the Ebola virus between 2014 - 2016 in West Africa (Baize et
al., 2014) shows that global changes in last decades help to spread viruses more
effectively. Since the discovery of the deadly Ebola virus in 1976, several previously
unknown pathogenic viruses have been discovered. Besides of the Ebola virus, there are
other clinically important taxonomic groups of viruses causing hemorrhagic fevers. The
whole family Hantaviridae is particularly known in association with hemorrhagic
fevers. Among the family Flaviviridae, the genus Flavivirus is that one where the
viruses are known as the origins of hemorrhagic fevers in humans. Due to the
hemorrhagic manifestations, these viruses are also referred as hemorrhagic fever
viruses. A lot of species of flaviviruses are called as arboviruses for their transmission
by arthropode vectors (ticks or mosquitoes) (Lin et al., 2003; Klempa et al., 2013).

Aside to these emerging infectious diseases (EIDs) stands the increase of the “re-
emerging” infectious diseases, rising over the last decades the public concern. While
emerging infections have never been previously recognized in men, re-emerging
infections, detected and described in the past, are rapidly increasing in the present. The
range of the infections can be measured by the number of incidence, by the host range
and by the geographical distribution. Emerging diseases are generally determined by
these parameters of infection: (viral) evolution and adaption, human host, animal
reservoirs, ecology (Ghosh and Dar, 2015).

Some of the emerging and re-emerging infections are also classified as
“Neglected Tropical Diseases” (NTDs). NTDs with hemorrhagic fever viruses included,
threaten over 1 billion people, mainly in extremely poor areas of Africa, Asia and
Americas (Jones et al., 2008; Morens et al., 2008; web source 1). Besides

approximately 20 viruses, funghi end ectoparasites, NTDs involve at least 13 parasitic
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(helmintic and protozoal) and bacterial infections. Due to the relatively low mortality
and the endemic occurrence, mostly in slums of developing countries, NTDs are
generally considered as low priority diseases. If NTDs are defined as a group of tropical
infectious diseases in developing countries, which are both poverty-promoting and long-
lasting in their public health impact, then arboviruses (arthropod-borne viruses)
certainly belong to NTDs. Arboviruses are taxonomically divided into independent
groups representing at least 8 families and 14 genera. There are 534 viruses registered in
the International Catalog of Arborviruses. 134 of them are known as origins of human
diseases and approximately 40 of them are possible to infect a livestock and develop a
disease in them. The most clinically important arboviruses causing human diseases
belong to the families Flaviviridae, and Togaviridae (Lozano et al., 2012; Raso et al.,
2004; Nalca et al., 2003; Rust, 2012).

Major part of viral zoonoses, and particularly those ones which involve wild
animals and arthropodes seem to be impossible to eradicate. Over the last decades, their
evolution has been rising and expanding as a consequence of several factors (i.e. export
and/or expansion of suspectible host populations, crossing of species’ barrier, effect of
global warming on vectors’ distribution and spread), which facilitate and increase the

contact rate between humans and source of infectiousness (Cutler et al., 2010).
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1.2 Historical overview of viral hemorrhagic fevers

Viral hemorrhagic fevers (VHFs) burden the mankind for thousands of years,
but it took a time when people began to be able to characterize diseases and identify
their origins. The oldest reported evidence of hantavirus disease, hemorrhagic fever
with renal syndrome is preserved from the 10th century in China during the reign of five
dynasties and ten kingdoms (F.{X+[E) (Lee et al., 1982). More sofisticated reports
appeared later by the beggining of 20th in Siberia (Casals ef al., 1970). In the period of
Korean war (1950 - 1953), around 3,000 soldiers got sick. The disease was called
Korean hemorrhagic fever (KHF), nowadays known mainly as Hemorrhagic fever with
renal syndrome (HFRS) (Gresikova et al., 1988). In Europe, HFRS is known since
1934. First reports came from Scandinavia (Ldhdevirta, 1971; Brummer-Korvenkontio
et al., 1980). In New World, hantaviruses are known since 1993 when extremely lethal
Sin Nombre orthohantavirus infected a couple of men in the area of Four Corners and
the illness was named as Hantavirus (cardio-) pulmonary syndrome (HPS, HCPS)
(Nichol et al., 1993).

The origins of Yellow fever virus (YFV) are most likely from Africa (Gould et
al., 2003). Based on phylogenetic analyses, the virus was spread from East or Central
Africa to the west by humans and other primates (Bryant et al, 2007). YFV is
circulating in Americas probably since the end of 15th century when the infected vector
of this virus, Aedes aegypti, a mosquito species, was probably brought by ships within
the transatlantic slave trade (Haddow, 1969). The first reported outbreaks of disease
caused probably by YFV were on Barbados in 1647 and Guadalupe in 1648 (McNeil,
2004). Then, at least 25 huge outbreaks occured in North America, such as in 1793 in
Philadelphia, where more than 5,000 people died. Then, during the 19™ century several
outbreaks occured in south of the USA in Georgia, Louisiana, Virginia, Texas and
Louisiana, and Lower Mississippi Valley in the years 1820, 1853, 1855, 1867 and 1878,
respectively. The last big outbreak of YFV in the US was in 1905 in New Orleans
(Kohnke, 1906). By the time, three outbreaks of YFV occured in Barcelona, Spain in
1803, 1821 and 1870. In the last outbreak, 1,235 victims died of the total of 12,000
infected. Barcelona was one of the major arrival ports for ships from the Carribean from

where was the virus imported (Canela Soler et al., 2009). In Africa, YFV did not
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disappear. In Ethiopia, between 1960-62 were 30,000 deaths of the total of 200,000
cases (Haddow, 1969). For the year 2013, it was estimated 130,000 cases of yellow
fever in Africa with fever and jaundice or hemorrhage including 78,000 deaths, taking
into account the current level of vaccination coverage (Garske et al., 2014).

West Nile virus (WNV) was isolated for the first time from the West Nile district
of Northern Uganda in 1937 (Smithburn ef al., 1940). The epidemiological potential of
WNYV and its ecology was first described and characterized after several outbreaks in
the Mediterranean basin in 1950s and 1960s (Sejvar, 2003). In the New World, WNV
was firstly detected in 1999, when a group of severe cases of encephalitis was reported
in the area of Queens in New York City (Nash et al., 2001). The virus was spread
through birds and it infected mammals through mosquitoes. Since 1999 through 2015,
the estimated number of WNV cases varied from 2.6 to 6.1 million people in the USA.
In more than 41,000, the virus developed a severe illness from which more than 1,700
died (Grinev et al., 2017). Large outbreaks of WNV, particularly among equines, were
detected in Italy in 1998 and 1999 (Cantile et al., 2000) and in France in 2000 (Murgue
etal.,2001).

Dengue virus (DENV) outbreaks were clinically reported for centuries, but the
origin of the disease was not characterized until the first virus isolations in 1943 in
Japan and in 1945 in Hawaii (Messina et al., 2014). For now, DENV circulates in at
least 100 countries in Asia, the Pacific, the Americas, Africa, and the Carribean.
According to WHO estimates, from 50 to 100 milion of cases and 22,000 deaths are
reported annualy (Bhatt et al., 2013).

Even though our work is focused mainly on viruses from the families
Hantaviridae and Flaviviridae, it is worth to mention some historical highlights of
Lassa virus (family Arenaviridae) and Ebolavirus (family Filoviridae), which are the
origins of severe and highly lethal hemorrhagic fevers in Africa. Lassa
mammarenavirus is known since 1969 when caused a couple of outbreaks of various
magnitude and severity in West Africa. For now, estimated number of annual cases of
infections in this area is between 300 - 500,000 and around 5,000 are fatal (Ogbu et al.,
2007). Since 1969 until 2004 several of Lassa fever patients brought the virus from
Nigeria and Sierra Leone to the USA, Canada, UK, Germany, Netherlands, Israel and
Japan (Macher and Wolfe, 2006).

15



Ebolavirus is known since 1976 after the outbreak in Sudan and Zaire (WHO,
1978 a,b). Major outbreaks then occured in Democratic Republic of Congo (formerly
Zaire) in 1995 (Khan et al., 1999), in Uganda between 2000-2001 (Okware et al., 2002),
and in Democratic Republic of Congo again in 2007 (WHO, 2007). For each of these
outbreaks, the number did not reach over 425 of cases and 280 of deaths. On the other
hands, during the huge outbreak between 2014 - 16 Ebolavirus infected more than
28,000 people from which at least 11,000 died. The infection attacked mutliple
countries in West Africa and the virus was also transported to the USA, Spain, Italy and
United Kingdom (Lamunu ef al., 2017; Omoleke et al., 2016; Sueblinvong et al., 2015;
Ceron-Serrano et al., 2016; Bertoli et al., 2016; Jacobs et al., 2016).
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1.3 Virus nomenclature, and classification

1.3.1 Family Hantaviridae

The genus Orthohantavirus representes for now the only genus within the family
Hantaviridae (order Bunyavirales). It involves 41 species according to International
Comittee on Taxonomy of Viruses (ICTV) from 2016 (web source 2). Hantaviruses are
not classified as arboviruses (“Arthropode Borne Virus®), so they are transmitted
directly through the air by aerosilized excreta (urine, saliva and feces) of their reservoir
hosts (rodents, shrews and bats). At the beginning, it had been believed, that reservoir
hosts of hantaviruses are rodents only (order Rodentia), but it has been demonstrated
later, that the reservoir host range includes small mammals from the groups of
insectivores (order Insectivora) and bats (order Chiroptera), as well (de Oliveira et al.,
2014).

The nomenclature of hantavirus species is usually based on the name of
geographic locality where they were found and isolated for the first time. The hantavirus
species demarcation criteria are defined by the ICTV. Until 2016, there had been four
rules for the demarcation of independent species among hantaviruses. Individual
hantavirus species should had been found in unique ecological niches, i.e. in different
primary rodent/insectivore reservoir species. According to the second rule, the
hantavirus species had exhibited at least 7% difference in aa identity on comparison of
the complete glycoprotein precursor and nucleocapsid protein sequences (there were
some exceptions presumably caused by historically recent host-switching events). The
third rule had said, that species should had showed at least four-fold difference in two-
way cross neutralization tests. And according to the fourth rule, the species had done
not naturally form reassortants with other species (Plyusnin et al., 2012).

Then, the hantavirus genome was analysed more complexly and it was believed,
that some rules of ICTV could be misleading. So, it was suggested, that individual
hantavirus species should have shown at least 10% difference in S segment and 12%

difference in M segment of complete aa sequences (Maes et al., 2009).
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In 2016, the ICTV Bunyaviridae Study Group agreed to state new criteria of
hantavirus species demarcation, which are based only on the genome sequences.
Basically, to demarcation an independent virus species, it is necessary to:

make an amino acid concatenated multiple alignment containing the coding-complete
regions of the nucleocapsid protein (S segment) and glycoproteins (M segment);
calculate PED values using WAG amino acid substitution matrix (Tree-Puzzle,
maximum likelihood parameter);

a species of the genus Hantavirus (proposed Orthohantavirus) is defined by a PED
value for its member greater than 0.1.

For now, all 24 proposed species meet the criteria to be demarcated as distinct
Hantavirus (proposed Orthohantavirus) species of a 0.1 PED threshold for each
member virus (Figure 1). Full list of newly classified hantavirus species is available

online (web source 2).
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Figure 1: Bayesian MCMC phylogenetic tree of a concatened S+M full coding region (amino
acids) dataset. Internal nodes of the tree that correspond to Hantavirus species are collapsed
(triangles); all of them have bootstrap support values of 1 (100%). Note that all species name in

this table would be changed to the format “Xxx orthohantavirus® if this taxonomic proposal is

accepted in its entirety (web source 2).

Hantaan hantavirus
Dabieshan hantavirus
Seoul hantavirus
Thailand hantavirus
Dobrava-Belgrade hantavirus
Sangassou hantavirus

Cao Bang hantavirus
Asikkala hantavirus
Kenkeme hantavirus
Amga hantavirus

Yakeshi hantavirus
Asama hantavirus

Oxbow hantavirus

Bowe hantavirus

Jeju hantavirus

Bruges hantavirus

Andes hantavirus

Laguna Negra hantavirus
Maporal hantavirus
Necocli hantavirus

Choclo hantavirus

Cano Delgadito hantavirus
Sin Nombre hantavirus

El Moro Canyon hantavirus
Montano hantavirus
Bayou hantavirus

Black Creek Canal hantavirus
Puumala hantavirus
Khabarovsk hantavirus
Fusong hantavirus

Tula hantavirus

Prospect Hill hantavirus
Luxi hantavirus

Fugong hantavirus
Rockport hantavirus
Longquan hantavirus
Nova hantavirus

Laibin hantavirus

Quezon hantavirus
Thottapalayam hantavirus
Imjin hantavirus



1.3.2 Family Flaviviridae

Major part of the viruses from the family Flaviviridae are primarily spread
through arthropod vectors (ticks and mosquitoes), so they are considered as
“arboviruses”. There are currently known over 100 species of the viruses in this group
divided into four genera: Hepacivirus, Pegivirus, Pestivirus, and Flavivirus (web source
(web source 3).

Hepacivirus C (HCV) (genus: Hepacivirus) also known as Hepatitis C virus is
the most medically important virus among hepaciviruses. The disease is also called
Hepatitis C and the virus was discovered in 1989 (Choo et al., 1989; Kuo et al., 1989).
HCYV is transmitted by blood-to-blood contact due to unprotected intravenous drug use,
and infected transfusions. Another possible way of the virus transmission is from an
infected mother to baby during the birth. Although rare, HCV can be transmitted
through sexual intercourse, as well (Terrault ef al, 2013). Untreated infection is
a leading cause of cirrhosis and hepatocellular carcinoma which is the most frequent of
liver failure requiring transplantation. HCV is responsible for more deaths annually than
human immunodeficiency virus (HIV). HCV infection may be asymptomatic for a time
and approximately half of persons do not know about their infection. Within 30 years, at
least 41% of HCV-positive patients progress to cirrhosis, leading to liver failure,
hepatocellular carcinoma, and death from liver-related causes (Lingala and Ghany,
2015). It is estimated, that 2% of the global population (71 million people) have chronic
HCYV infection. Approximately 3-4 million people are infected per year and 400,000 die
from cirrhosis and/or hepatocellular carcinoma. Current antivirals can cure more than
95% of persons with HCV infection, but there is still no vaccine avialable (web source
4).

The genus Pegivirus was classified in 2011 (Stapleton et al., 2011). This group
includes 11 species: Pegivirus A-K infecting human, horses, pigs, rodents, and bats
(Smith et al., 2016). Human pegivirus (HPgV; known also as GB virus or hepatitis G
virus) disposes by a limited pathogenicity. HPgV is mostly associated with prolonged
survivals in HIV-infected patients. The virus was thought to be hepatotropic. Early
studies found HPgV RNA in liver biopses, but the virus was detected in spleen, bone
marrow, cerebrospinal fluid, PBMCs, and T- and B-lymphocytes, too (Chivero et al.,
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2014). It has been reported, that according to study from southern Brazil where HPgV
has been circulating, that HIV/HPgV coinfection was associated with a longer survival
among HIV-positive patients as well as the coinfection by HPgV is more suspectible for
the patients infected by HIV non-C subtypes (Da Mota et al., 2016).

Virus species within the genus Pestivirus are reported to involve diseases
followed by bleeding disorders, abortions, diarrhoea, fatal mucosal disease, and
respiratory difficulties in mammals such as cattle, sheep, goats, and swine. Among the
wild animals, they infect giraffes in african savannah and pronghorns in american
prairie. In Australia, they are widespread, mainly in cattle. Some adult cattle can
develop the imunity to the disease. Pestiviruses have been not reported to be harmful to
humans. The most known species are Bovine viral diarrhoea virus (BVDV), Border
disease virus (BDV), and Classical swine fever virus (CSFW) (Giangaspero and
Harasawa, 2011).

In a study, a foetal calf sera (FCS) used for laboratory properties in cell cultures
were tested for the suspicion of the pestivirus presence. BVDV RNA was detected in
33% of the vaccine lots using the FCS. The BVDV RNA detected in human live viral
vaccines represents passive carry over of BVDV from contaminated FCS rather than
active virus replication in human diploid cells. The results of the study reporting the
contamination of FCS by BVDYV used in vaccines indicate that the BVDV RNA
presence is not a reason of serious concern to human health. Moreover, it has been
demonstrated, that the gamma-irradiation of FCS destroys BVDV particles and can be
also effective in prevention of BVDV RNA in the vaccines (Studer ef al., 2002).

The most known species within the genus Flavivirus are West Nile virus (WNV),
Dengue virus (DENV), Yellow fever virus (YFV), Zika virus, Tick-borne encephalitis
virus (TBEV). First three of them are mosquito-borne viruses mostly known for the
hemorrhagic manifestations in humans. TBEV is strictly transmitted by ticks and causes
tick-borne encephalitis which can result in permanent brain damage (Kaiser, 2008).

Zika virus started to concern people since it appearance in early 2015 in Brazil.
Then, the outbreaks spread to other parts of South and North America. It affected also
several islands in the Pacific, and Southeast Asia. Microcephaly caused by Zika virus
represents the epilogue of infection’s devastating process on the central nervous system

of embryos and fetuses. Zika virus can cause also arthrogryposis, dysphagia, deafness,
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and visual impairment. Another reason of concerns is the fact, that the virus had spread
itself in such a range of the Americas, even though its origin is in Africa (Duarte et al.,
2017; Metsky et al., 2017; web source 5).

The species demarcation criteria within the genus Flavivirus include 7
parameters: Nucleotide and deduced amino acid sequence data; Antigenic
characteristics; Geographic association; Vector Association; Host association; Disease
association; and Ecological characteristics. All the species within the genus are
classified according each of the mentioned criteria. Nucleotide sequence is considered
as the most important information for the species demarcation. Other criteria may serve
a useful information among genetically closely related species of the viruses. In a case
of tick-borne encephalitis virus, far-eastern (FE) strains exhibit distinct ecological
differences in comparison with Omsk hemorrhagic fever virus (OHFV), even though
they are genetically closely related. TBEV-FE is predominantly carried by ticks from
the genus Ixodes, whereas OHFV is more associated with ticks from the genus
Dermacentor. The antigenic differences in neutralization tests were demonstrated, as
well (Simmonds ef al., 2012; web source 3).

Another case is a comparison of Louping ill virus (LIV) with TBEV which
showed both, a close genetic likeness and a similar host range. Despite of that, they
dispose by different ecologies (moorlands verus forests), pathogenicities (red grouse,
sheep/goats versus humans) and geographical distributions (United Kingdom versus
Europe/Asia). According to the mentioned parameters, they have been classified as
different species.

Dengue virus (DENV) is an example of a different kind. The four serotypes of
DENV are altogether classified within the same virus species, despite of that they are
phylogenetically as well as antigenically quite distinct. The species determination was
based on the same geographical area where they circulate. All the DENV serotypes are
harbored by the identical species of vectors. Their virus replication cycle is very similar
and they cause similar clinical manifestations, too (Simmonds et al., 2012; web source

3).
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1.4 Virus genome structure, and replication

1.4.1 Genus: Orthohantavirus

The genomic structure of hantaviruses (genus Orthohantavirus) is common for
the whole family Hantaviridae. The virions are enveloped, pleomorphic particles and
contain negative-sense single-stranded RNA. The tripartite genome contains a small
(S)-segment, medium (M) segment, and large (L) segment encoding a nucleocapsid (N)
protein, a glycoprotein precursor (GPC), and the viral RNA-dependent RNA
polymerase (RdRp), respectively (Figure 2). Each segment is directly associated with
molecules of RdRp (Schmaljohn and Nichol, 2007). Terminal parts of each segment are
non-covalently connected by hydrogen bonds and create “panhandle” structures, which
are one of the characteristics of the order Bunyavirales (Mir and Panganiban, 2005).

N protein is the most numerous protein present in a matured virus particle
encapsidating each of the hantavirus genome segments and can be detected early 6
hours post infection (hpi) (Spiropoulou, 2001). N protein plays arole of protection
protein of the VRNA (virus RNA) against the nuclease degradation during the
encapsidation of virus particle. N protein as a part of the ribonucleoprotein (RNP) is
directly connected to the envelope by a cytoplasmatic tail on the G1 protein and plays
arole in the initiation of virus maturation. That is most likely the reason why
hantaviruses do not have a necessity of having a matrix protein. The absence of a matrix
protein is one of the characteristics of the whole order Bunyavirales. N protein is also
important in prevention of intranuclear base pairing within the vVRNA template
(Kolakofsky and Hacker, 1991; Petterson, 1991). S segment contains an additional
putative ORF coding non-structural protein (NSs) of 120-270 nt. Interestingly, NSs is
produced only by hantavirus species associated with the rodents of the subfamilies
Arvicolinae and Sigmodontinae. On the contrary, NSs absents in Murinae-associated
hantaviruses. It has been demonstrated, that the NSs protein of PUUV and Tula virus is
potent to inhibit the activation of interferon-beta promoter (Jadskeldinen et al., 2007,
Jaaskeldinen et al., 2008).

Hantavirus glycoprotein precursor (GPC) is synthesized on the ribosomes of

rough endoplasmic reticulum (ER). Next, GPC is spliced on the membranes of ER to

23



the GlI (Gn) and G2 (Gc), which create the hantavirus envelope. It has been
demonstrated, that G1 and G2 are dependent to each other. Individually expressed G1
and G2 persist in ER and are not able to transport themselves onto the membranes of the
Golgi apparatus, from where the matured virus particles are commonly released

(Pensiero and Hay, 1992; Deyde et al., 2005; Khaiboulina et al., 2005).
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Figure 2: The structure of the hantavirus virion (Jonsson et al., 2005).

It has been shown, that the pathogenic hantavirus species attach cellular (33
integrin receptors for the cell attachment (Guerrero et al., 2000; Gavrilovskaya et al.,
2008). Non-pathogenic or low-pathogenic hantaviruses enter the cells through 1
integrins (Gavrilovskaya et al., 2002). The coreceptor DAF/CDS55 (decay-accelerating
factor) anchored on the GP1 protein also plays its role in virus adsorption. The infection
of Puumala orthohantavirus was inhibited by the application of DAF-specific
antibodies on the epithelial and endothelial cells (Krautkrdmer and Zeier, 2008).

The whole hantavirus replication is situated in the cytoplasm. RdRp initiates the

synthesis of the positive mRNA from the genomic RNA (of S, M and L segments) by

24



“cap-snatching” mechanism. Hantaviruses absent the cap structure, so they take it from
the host cell to initiate the transcription (Dunn et al., 1995). Initiation of transcription
seems to be similar to that of influenza viruses, in which the endonuclease associated
with the polymerase complex cleaves the host cells’ mRNAs to generate capped
fragments (7-18 nt) which act as primers, and the presence of a methylated 5’ cap
structure on the host mRNA is required for occurrence of this cleavage of influenza
viruses as well as of hantaviruses (Garcin et al., 1995).

The hantavirus L protein is associated with the RNPs and it initiates viral RNA
synthesis immediately after the virus entry into a host cell. L protein cleaves 7-18 nt
long primers for virus mRNA synthesis from the 5" termini of cellular mRNA
molecules present in the cytoplasm. The transcription continues by the mechanism
“prime-and-realign” (or slip-back or jump back), when the copy of the 3" end vVRNA is
synthesized. At the 3" end is a G nucleotide which pairs with the C nucleotide at the
position 3 on the viral RNA tempalate (3" AUCAUCAUC...). When the primer is shortly
elongated, the newly synthesized RNA shifts three nucleotides backwards and realigns
with the template. Interestingly, the transcribed viral mRNA is shorter than the original
viral RNA template and its exact complementary copy. According to the antigenomic
cRNA, the transcription is termined just before the RdRp reaches the 5’end of the RNA
template. The exact mechanism how the mRNA synthesis is completely done and
terminated is still largely unknown (Hutchinson et al., 1996; Kaukinen et al., 2005).
The studies of the mRNA synthesis showed that 3" end of the L segment mRNA is not
polyadenylated as well as in the case of S segment mRNA. Only the 3" end of the M
segment mRNA was polyadenylated. The termination of synthesis of M mRNA initiates
on the U8 polyadenylation-transcription signal, which is considered as a highly

conserved among hantaviruses (Abraham and Pattnaik, 1983; Hutchinson et al., 1996).
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1.4.2 Genus: Flavivirus

The genome structure of the viruses from the genus Flavivirus is very similar. A
single-stranded positive-sense RNA genome coding a single polyprotein is more than 10
kb long (a single ORF). The genome is flanked by NCRs at the 5’ and 3’ ends. Both, the
5’ and 3’ NCRs dispose by specific motifs which have been demonstrated to be
involved in viral RNA translation, replication and probably packaging, too. The viral
RNA naturally contains some structural and functional parts which are conserved and
characteristic for all the species within the genus Flavivirus. On the other side, some
genome characteristics such as sequence order and genome length can vary from species
to species within the same genus. Moreover, it can vary among the serotypes within the
same species. 3> NCR of some TBEV isolates contained an internal poly(A) tail
(Chambers et al., 1990).

Flaviviruses generally cause adramatic rearrangement of the cellular
endoplasmatic reticulum (ER) membrane and lead to formations of ER-derived packets
where the viral replication cycle goes on. After translation of the entered vVRNA, RNA
replication starts by synthesising the complementary negative strands, which next serve
as templates to produce genome positive-stranded molecules. These are synthesized by
a semi-conservative mechanism with replicative intermediates (double stranded regions
and nascent single stranded molecules) and replicative molecules (duplex RNA). The
translation starts classically at first the AUG of the ORF, but sometimes may start at a
second in-frame AUG at 12 — 14 codons downstream in mosquito-borne flaviviruses
(Simmonds et al., 2012; web source 3).

Then, the polyprotein is next post- and co-translationally spliced into three
structural proteins- C the major envelope (E) protein, and either prM (in immatured
virions), or M (in matured virions), and seven non-structural proteins (NS1, NS2A,
NS2B, NS3, NS4A, NS4B, and NS5) by the mechanisms involving cellular proteases
and the viral NS2B-NS3 serine protease. The envelope (E) protein is the largest among
structural proteins. It is the main component of the virion surface (Figure 3). Besides
that the E protein is the primary immunogen, it plays its role in receptor binding and
membrane fusion. Virus particles can be first visibly present in the rough endoplasmatic

reticulum, which is most probably the site of the virion assembling. Immature virus
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particles are then transported to the cell membrane where escape the cell by exocytosis.
Before the release of the virion off the cell surface, the viral prM protein is cleaved by
furin or a furin-like cellular protease (Heinz and Allison, 2003). Besides the viruses, the
flavivirus-infected cells are releasing a non-infectious subviral particles which have a
lower coefficient of sedimentation than the whole virus (70S : 200S). These subviral

particles exhibit hemagglutination activity (Simmonds et al., 2012; web source 3).

M protein

Figure 3: Diagram of a Flaviviridae virion. The membrane is composed of three types of

peoteins (E, M, C) (web source 6).
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1.5 Virus ecology, transmission and epidemiology

1.5.1 Genus Orthohantavirus

Hantaviruses have been for decades considered as only rodent-borne viruses.
Then, it was revealed, that the reservoir host range of hantaviruses includes insectivores
(order: Insectivora) and bats (order: Chiroptera), too. In 2007, Tanganya virus was
discovered as the first known hantavirus transmitted by insectivore (Klempa et al.,
2007). In fact, first discovered was Thottapalayam virus, but it was considered as an
exception among hantaviruses for a long time (Song et al., 2007a). A couple of months
later, another two insectiovore-associated hantaviruses were discovered: Camp Ripley
virus (RPLV) hosted by B. bevicauda from Minnesota (USA) (Arai et al., 2007) and
Cao Bang virus (CBNV) hosted by A. squamipes in China. In Europe, the first known
insectivore-borne hantavirus was Seewis virus (SWSV) hosted by S. araneus (Song et
al., 2007b,c).

The bats, as a newfound reservoir host of hantaviruses play their particular role
in virus ecology due to the fact, they represent an animal host moving by air in
numerous groups what could increase the infectiousness and the spread of virus.
Bioinformatic analyses of Magboi virus (MGBV) hosted by N. hispida, the bat species
from Sierra Leone showed the highest molecular genomic similarity with hantaviruses
associated with shrews and moles (Thottapalayan virus 73%, Altai virus 69.7%, Nova
virus and Imjin virus 69.3% (Weiss et al., 2012). Another discovery of bat-borne
hantavirus was the Mouyassu¢ virus (MOUV) hosted N. nanus from Ivory Coast in
2011 (Sumibcay et al., 2012). In Gabon, Central Africa was then discovered Makokou
virus (MAKYV) hosted by Noack’s Roundleaf Bat (H. ruber). In Europe, Brno virus
(BRNV) was discovered in european bat species Nyctalus noctula (Strakova et al.,
2017). The pathogenic and epidemiological potential of bat-borne hantaviruses is not
yet fully discovered.

Hantaviruses are hosted by their reservoir hosts and spread directly through the
air by their aerosolized excreta. Some studies indicate, that infection via bites of wild
animal is also possible, but it is less common (Schultze et al., 2002). Humans are

considered as "dead-end-hosts". It means, that the infection does not spread from human
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to human. Human to human infection was confirmed only in several cases of Andes
virus (ANDV), the endemic highly virulent hantavirus (within the Andes
orthohantavirus species) circulating in South America. The major part of human to
human infection cases were among the close relatives living in the same household or
among the patients and a hospital staff which had been taking care of them. The
efficiency of human-to-human transmission seems to be very low and requires very
close contact. Therefore, the huge pandemics as in cases of some Influenza virus strains
are not expected (Martinez et al., 2005; Ferrés et al., 2007).

The absence of the vector in replication cycle of hantaviruses seems to be crucial
in their evolution which is dependent on the evolution of their reservoir hosts. For most
of the last 50 years rodents have been considered to be the primary hosts of
hantaviruses. The theory of coevolution of hantaviruses and their rodent hosts was
supported by the results of phylogenetic analyses which revealed three evolutionary
lines of hantaviruses parallel with phylogeny of three families of rodents (Murinae,
Arvicolinae, Sigmodontinae) based on their cytochrome b nucleotide sequences (Hughes
and Friedman, 2000). Hantaviruses associated with animals from the order
Soricomorpha create an independent evolutionary line (Charrel et al, 2011). The closest
common ancestor of these animal hosts appeared probably 50 million years ago.
(Hoffmann and Koeppl, 1985).

“Host-switch” or/and “spill-over” were considered as only rare random events in
hantavirus evolution (Vapalahti et al., 1999; Klempa et al., 2003; Plyusnin and
Morzunov, 2001; Schmidt-Chasanit et al., 2010). However, recent discoveries have
revealed that hantaviruses infect a more diverse range of mammalian hosts, particularly
Chiroptera (bats) and Soricomorpha (moles and shrews), and that cross-species
transmission at multiple scales has played more important role in hantavirus evolution
than assumed previously. Phylogenetic analyses suggest that hantaviruses might have
first appeared in bats, shrews and moles before emerging in rodent species (Guo et al.,

2013; Holmes and Zhang, 2015).
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1.5.2 Genus Flavivirus

1.5.2.1 Yellow fever virus

Transmission of the viruses causing hemorrhagic fevers belonging to the genus
Flavivirus is closely associated with a vector, mainly mosquitoes. Yellow fever virus
(YFV) is phylogentically closely related to the other viruses from the same family as
West Nile virus (WNV), St. Louis encephalitis virus and Japanese encephalitis virus
(Figure 4). YFV is transmitted primarily thorugh the bites of infected mosquitoes most
commonly from the genus Aedes and Haemogogus. Mosquitoes get the virus by feeding
on infected primates (human or non-human) and then transmit the virus to the other
individuals. Mosquitoes can acquire the virus also from people which are considered as
"viremic", which means a short time before the onset of fever and up to 5 days after
onset of symptoms. The YFV transmission includes three types of cycles: jungle
(sylvatic), intermediate (savannah), and urban. The jungle (sylvatic) transmission
involves the circulation of the virus among mosquitoes and non-human primates in the
forest. The virus is transmitted to the tourists or the men who are working in the jungle.
An intermediate cycle present in African savannah represent a transmission of the virus
from mosquitoes to the men living in jungle border areas. In the case of urban cycle, the
virus is brought to the urban environment by an infected man who came from the jungle
and savannah (web source 7).

For the urban cycle, the most important vectors of YFV are A. aegypti, A.
albopictus. A. aegypti is the leading vector of YFV in South Asia. 4. africanus seems to
be a vector spreading the virus between the cities and rural areas of savannah in Africa.
In South America, two main mosquito species spreading YFV are the genera
Haemagogus and Sabethes (Galindo and Trapido, 1956; de Rodaniche and Galindo,
1957).

1.5.2.2 West Nile virus

The host range of West Nile virus (WNV) is different. WNV naturally circulates

between mosquitoes (most commonly from the genus Culex) and birds. Some birds can
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develop high levels of the virus in bloodstream and other mosquitoes become infected
by biting them. Between 1999 - 2012 in USA, a total of 342 different bird species were
analyzed from the dead specimens in which WNV was detected (web source 8). When
mosquitoes acquire the virus, they can pass it to other birds biting them about a week
after since they obtained the virus. The host range of WNV includes also people, horses
and other species of mammals, which represent a “dead end” host, from whom the virus
does not transfer further. Dead end hosts do not develop high virus levels for an
effective pass of the virus to the other biting mosquitoes. Some groups of mammals

(rodents, rabbits, and squirrels) and also reptiles (alligators) were found to develop a

sufficient level of viremia to predict at least a low possibility for infecting other biting

mosquitoes, but anyway, these cases are still very rare (Bowen and Nemeth, 2007).

Naturally, WNV is most commonly transmitted also to humans by mosquitoes.

Additional routes of human infections have also been documented. It is important to

note, that these ways of transmission represent a very small proportion of cases: Blood

transfusions; Organ transplants; Exposure in a laboratory setting; From mother to baby
during pregnancy, delivery, or breastfeeding.
It is also important to mention, that WNV is not transmitted (web source 9):

- From person to person or from animal to person through casual contact. Normal
veterinary infection control precautions should be followed when taking care of a
horse suspected to have this or any viral infection.

- From handling live or dead infected birds. Anyone should avoid bare-handed contact
when handling any dead animal. If anyone is disposing of a dead bird, should use
gloves or double plastic bags to place the carcass in a garbage can.

- Through consuming infected birds or animals. In keeping with overall public health
practice, and due to the risk of known food-borne pathogens, anyone should always

follow procedures for well cooking meat from either birds or mammals.

1.5.2.3 Dengue virus

Dengue virus (DENV) is harbored by mosquitoes, as well. It has been shown
that 4. aegypti is the main mosquito host of DENV. Other species of mosquitoes even if
they are able to host DENV, they have limited ability to serve as DENV vectors and
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acquire a sufficient level of the virus to spread the infection (Rodhain and Rosen, 2001).

All the known possible vectors of DENV are mentioned in Table 1.
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Figure 4: An unrooted phylogenetic tree based on the conserved sequences of RdRp (NS5 or

NS5B) of members of the family Flaviviridae constructed by neighbor-joining method of amino
acid p-distances using MEGA 4. Note that the Entebbe virus group comprising Entebbe bat
virus, Sokoluk virus and Yokose virus have no known vector, they but group phylogentically
within the mosquito-borne flaviviruses. Nounané, Chayoang, Ngoye and Lammi viruses are not
currently assigned to a specific virus group but also group within the mosquito-borne viruses.
The species highlighted in red ellipse represent members of the Flaviviridae which are known

as causative agents of hemorrhagic fevers (customized according to Simmonds et al., 2012).
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Table 1: List of mosquitoes associated carrying VHFs (de Rodaniche and Galindo, 1957;

Rodhain and Rosen, 2001; web sources 7, 10).

Mosquito species

Hosted virus

Mosquito species

Hosted virus

Aedes aegypti
Aedes africanus

Aedes albopictus

Aedes atlanticus/tormentor

Aedes atropalpus
Aedes canadensis
Aedes cantator
Aedes cinereus
Aedes condolescens
Aedes dorsalis
Aedes dupreei
Aedes epactius
Aedes fitchii

Aedes fulvus pallens
Aedes grossbecki
Aedes infirmatus
Aedes japonicus
Aedes leucocelaenus
Aedes melanimon
Aedes nigromaculis
Aedes niveus

Aedes polynesiensis
Aedes provocans
Aedes scutellaris
Aedes sollicitans
Aedes squamiger
Aedes sticticus
Aedes stimulans

Aedes taeniorhynchus
Aedes triseriatus

Aedes trivittatus
Aedes vexans
Anopheles atropos

Anopheles barberi
Anopheles
bradleyi/crucians

Anopheles franciscanus
Anopheles freeborni

YFV

WNV
WNV
WNV
WNV
WNV
WNV
WNV
YFV
WNV
DENV
DENV
WNV
DENV

WNV

WNV

WNV

WNV

WNV

WNV

YFV/WNV/DENV

YFV/WNV/DENV

Anopheles hermsi

Anopheles punctipennis
Anopheles
quadrimaculatus

Anopheles walkeri
Conquillettidia
pertubans

Culex apicalis

Culex bahamensis
Culex coronator
Culex erraticus
Culex nigripalpus
Culex pipiens

Culex quinquefasciatus
Culex restuans

Culex salinarius
Culex stigmatosoma
Culex tarsalis

Culex territans

Culex thriambus
Culiseta impatiens
Culiseta incidens
Culiseta inornata
Culiseta melanura
Culiseta morsitans
Culiseta perticeps
Deinocerites cancer
Haemagogus equinus
Haemagogus gorgasi
Haemagogus lucifer
Haemagogus
spegazzinii
Mansonia titillans
Orthopodomyia
signifera
Psorophora ciliata
Psorophora columbiae
Psorophora ferox

Psorophora howardii
Sabethes chloropterus
Uronataenia sapphirina

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

WNV

YFV

YFV
YFV
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1.6 Antiviral research and prevention against viral hemorrhagic fevers

1.6.1 Virus-targeting antivirals

Ribavirin

Ribavirin (RBV) is a broad-spectrum chemical compound with efficacy against
many DNA and RNA viruses, in vitro and in vivo (Sidwell et al., 1972; Graci and
Cameron, 2006). The mechanisms of antiviral activity are based on its ability to inhibit
inosine monophosphate dehydrogenase, a crucial enzyme responsible for the synthesis
of GTP de novo. Other targets for its antiviral effect have been described, such as
capping, translational efficiency of viral mRNA, and a suppressive effect on the viral
polymerase activity (Chung et al., 2013). Against hantaviruses, the mechanism of RBV
seems to be more likely virus-unspecific. RBV was proved also as a potent mutagen of
viral RNA (Crotty et al., 2001, 2002; Jonsson et al., 2005; Chung et al., 2007, 2013).

RBYV was reported to play a role in the immune response by down-regulation of
interleukin-10 (IL-10)-producing Treg 1 cells, which could inhibit the conversion of
CD4" CD25 FOXP3 naive T cells into CD4" CD25" FOXP3" adaptive Treg cells to
maintain Thl cell activity. However, the RBV-induced immune response against
hantavirus infection is not yet fully discovered as well as the mutagenesis induced by
RBYV and its influence on next generations of virions (Kobayashi et al., 2012).

The antiviral activity of RBV against HFRS and HCPS associated hantaviruses
was tested in vivo and in vitro, as well (Huggins et al., 1986; Chung et al., 2013;
Safronetz et al., 2011). RBV-treated suckling mice infected by HTNV showed
significantly higher survival rate than the placebo control group (Huggins et al., 1986).
A double-blind placebo-controlled test of HFRS Chinese patients resulted in sevenfold
lower morbidity and fatal ending in RBV-treated group (Huggins ef al., 1991). The rates
of oliguria and renal insufficiency are lower after the treatment by RBV, which
increases the survival rate. In contrary, RBV used against HCPS seems to be more
ineffective (Chapman et al., 1999; Mertz et al., 2004; Chung et al., 2013). Interestingly,
RBV appears to be sufficiently active in treatment of HCPS caused by ANDV
(Safronetz et al., 2011).
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RBYV is associated with potentially serious side effects, such as anemia and the
teratogenicity if used in pregnant women. Some studies suggest that there is no
significant difference in the frequency of adverse events (Mertz et al., 2004). Severe
anemia appears in about 10% of treated patients, therefore a monitoring of hemoglobin
is required. In cases of anemia, the reduction of RBV doses is needed, but this can cause
compromising of sustained virologic response. Anemia is most probably a consequence
of RBV accumulation in erythrocytes due to straight unidirectional transport through the
membranes. Nowadays, the only prevention of RBV-induced anemia is the concomitant
administration of erythropoietin (Russmann et al., 2006).

RBYV has been successfully used to treat hamsters infected by YFV when it was
administered up to 2 days after infection (shortly before infecting the liver). On the
other hand, in non-human primates has shown no results (Monath, 2008). RBV was also
tested against Dengue virus infection in its vector Aedes aegypti mosquitoes which were
infected with Dengue-2 virus and treated by RBV at a dose of 0.3 mg/ml via artificial

feeding technique. In mosquitoes treated with RBV, the infection was reduced.

Lactoferrin

Lactoferrin (LF), an iron-binding glycoprotein, besides of antibacterial and
antifungal effect was reported to have a broad antiviral activity (Bullen and Armstrong,
1979; Masson et al., 1969; Yi et al., 1997). It has been demonstrated that LF also
inhibits hantavirus infection in vitro and in vivo (Murphy et al., 2000; 2001).

The antiviral effects of LF against hantaviruses was compared with those of
RBYV in study which was performed on Vero E6 cells infected by Seoul virus (SEOV).
Post infection administration of 100 pg/ml of RBV inhibited the number of foci by
97.5%. Four hundred pg/ml of LF reduced the number of foci by 85% in comparison
with cells of the control group. In cells pretreated with LF, the number of foci initiated
to increase from 24 h post infection (hpi). LF inhibited viral shedding at 24 hpi, but not
after 48 hpi (Murphy et al., 2001). Therefore, LF obviously inhibits an early phase of
infection, most probably adsorption as indicated in another supportive study (Murphy et
al., 2000). Accordingly, the inhibition of hantavirus glycoprotein (G2) expression was

observed. By 48 hpi, the expression of G2 was increased in both, the control and LF
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pretreated cells. The complete G2 inhibition was detected only in cells treated with the
combination of LF/RBV from 12 hr on. The inhibition of adsorption theory is supported
also by the fact that LF does not inhibit the expression of hantavirus G2 and N protein
when the infection is established only in cell cultures (Murphy et al., 2001).

On the other hand, RBV actively inhibits viral protein expression within the cell
and does not inhibit viral adsorption (Huggins et al, 1984; Streeter et al., 1973). RBV
apparently inhibits viral transcription and reduces a massive release of virions from
infected cells. Nevertheless, RBV solely is not able to eliminate the virus completely as
well as LF. Both, RBV and LF gave significantly higher survival rates in test in vivo.
RBV administered 1 hpi to mice at dose of 50 and 25 mg/kg gave 81.8 and 68.8%
survival rates, respectively (Murphy et al., 2001). These results are well experimentally
supported by other studies, too (Huggins et al., 1991). LF administered with dose of 160
mg/kg to mice 1 day prior to hantavirus inoculation had a survival rate of 70%. Double
administration of LF enhanced the survival rate. The 160 and 40 mg/kg double
administration resulted in 94.1% and 85.7% survival rates, respectively. The difference
between single and double administration of LF could be probably due to insufficient
adsorption in the single dose or an accumulative effect of LF in the body from the two
administrations. Another reason of this difference could be a certain period of time
which is necessary for activation of immune system by LF. It has been demonstrated

that LF enhances cytotoxic activities of monocytes and NK cells (Murphy et al., 2001).

Favipiravir

Favipiravir (Avigan; T-705; 6-fluoro-3-hydroxy-2-pyrazinecarboxamide) is an
antiviral drug selectively inhibiting the RNA-dependent RNA polymerase mainly of
influenza virus. Its efficacy against the hantaviruses, Maporal virus, DOBV and
Prospect Hill virus was also reported in vivo in mice and hamsters. Its activity in vitro
against these hantaviruses was in the range of 5-30 pg/ml (32-191 pmol/l), as
calculated by results of FFU reduction assays. (Gowen et al., 2007; 2010; Buys ef al.,
2011). Favipiravir decreased detection of viral RNA and reduced infectious titers of
SNV and ANDV in vitro. For both, the EC50 was calculated at <5 pg/ml (<31.8 uM).

In hamsters infected with ANDV, favipiravir reached 100% of effectiveness at
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preventing lethal HCPS when hamsters were administrated with favipiravir on or before
day 4 post exposure. In contrast, animals of the placebo group demonstrated breathing
difficulties on day 6 or 7 post infection leading to severe respiratory distress with a fatal

outcome by day 9 (Buys et al., 2011; Safronetz et al., 2013).

ETAR

1-B-D-ribofuranosyl-3-ethynyl-[1,2,4]triazole (ETAR) is a novel, nucleoside
analogue. ETAR as well as RBV is a 3-substituted 1,2,4,-triazole-f-riboside, but with
altered steric and hydrogen bonding capacity. Its mechanism is based on inosine
monophosphate dehydrogenase inhibition with reduction of GTP pools, which was
combined with residual complementary activity possibly affecting the L protein
(Kumarapperuma et al., 2007; Goundry et al., 2003).

The antiviral activity of ETAR against HTNV and ANDV as representatives of
HFRS and HCPS was approved. The EC50 values for HTNV and ANDV according to
FFU-reduction assay were 10 umol/l and 4.4 umol/l, respectively. ETAR was not toxic
to Vero E6 cells up to a concentration of 880 pmol/l. Moreover, ETAR protected
suckling mice from HTNV infection at similar degree as RBV. The evaluation of ETAR
in the suckling mice model infected by HTNV showed that the in vivo antiviral activity
of ETAR at the 12.5 and 25 mg/kg doses was similar to that of 50 mg/kg RBV (Chung
et al., 2008).

As shown previously, RBV is responsible for increased frequency of errors
during replication of the HTNV leading to increased mutation frequency. Although
ETAR is structurally similar to RBV, a comparison to the placebo-treated HTNV group
showed no significant change in mutation frequency caused by ETAR. The metabolites
of ETAR accumulate to lower concentrations in cells than the metabolites of RBV,
which means that ETAR metabolites interact more potently with targets than the
metabolites of RBV. ETAR is not expected to induce mutations probably due to its lack
of pseudo-base pair presence (Chung ef al., 2008).
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1.6.2 Virus fusion inhibition

The target of interest of another study was G2 envelope glycoprotein, which
plays a role of the viral fusion protein. It seems to be similar with other molecules of
class II fusion proteins, as suggested in silico and in vitro analyses (Cifuentes-Mufioz et
al., 2011; Tischler et al., 2005). Its ectodomain is composed of three domains which are
connected by a stem to the anchor in the viral envelope. It has been shown, that these
fusion proteins could be inhibited by protein fragments spanning domain III (DIII) and
the stem region. For this reason, recombinant ANDV DIII and stem peptides were
synthesized and expected to inhibit membrane fusion and cell entry. Combination of
DIII and the C-terminal part of stem region inhibited the infection of Vero E6 by
ANDV up to 60% during the endosomal route of ANDV. When fusion of ANDV
occured at the plasma membrane, infection was inhibited over 95%. According to these
results, a strategy of using hantavirus stem fragments may obviously inhibit fusion of

similar viruses within the same genus (Barriga et al., 2016).

1.6.3 Immunotherapy

Presently, there are no published reports of controlled clinical use of
immunotherapy for HFRS and HCPS in humans. Some studies in animal models
(hamsters, mice and rats) indicated that passive administration of neutralizing antibodies
(Abs) or polyclonal sera to HTNV can sufficiently protect animals from disease
involved with the same species of virus (Zhang et al., 1989; Arikawa et al., 1992; Xu et
al., 2002). Anti-HTNV G2-specific neutralizing Abs administrated 4 dpi sufficiently
protected hamsters and up to 2 dpi protected suckling mice from lethal outcome (Liang
et al., 1996; Xu et al.,, 2002). Post-exposure administration of neutralizing Abs was
demonstrated against HCPS-causing hantaviruses, as well. Immune plasma obtained
from HCPS patients infected by ANDV and SNV protected hamsters and deer mice
infected by homologous virus, respectively (Custer et al., 2003; Medina et al., 2007).
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1.6.4 Host-targeting antivirals

Corticosteroid therapy

High levels of proinflammatory cytokines, especially TNF-a were detected in
sera of patients with HFRS and HCPS. TNF-a is released by neutrophils, NK cells,
CDS8" T cells as well as DC and macrophages infected by a hantavirus (Schénrich et al.,
2015; Kilpatrick et al., 2004). An immunomodulatory treatment was firstly performed
and evaluated during the Korean war, when oral or intramuscular application of
corticoids reduced lethal cases of HFRS due to the shock, but the mortality was not
decreased at all (Sayer et al., 1955).

A retrospective analysis of 22 HCPS patients in Chile noted that high-dose
methylprednisolone treatment reduced mortality during the shock (Tapia et al., 2000).
Another study involved 60 Chilean patients with HCPS caused by ANDV. This study
reported a phase 2, double-blind, placebo-controlled clinical trial to evaluate the
parameters such as the safety and the efficacy of intravenously applied
methylprednisolone in patients with HCPS in Chile. The treatment of HCPS with high-
dose methylprednisolone seems to be safe, but it is not recommended for clinical use,
because there was no significant difference in lethal outcome between the
methylprednisolone recipients (8 of 30 patients - 27%) and placebo recipients (12 of 30
patients - 40%) (Vial et al., 2013).

Host-cell hantavirus-binding receptor inhibitors

Pathogenic hantaviruses attach to the surface of host cells using their o,f;
integrins. For this reason, a couple of synthesized cyclic nonapeptides, CLVRNLAWC
and CQATTARNC were designed, and found to inhibit SNV infection in vitro at a 4:1
nanoparticle-to-virus ratio (9.0% to 32.5% and 27.6% to 37.6%, respectively).
CQATTARNC used at a 20:1 ratio, inhibited infection by 50% (Hall ef al., 2008).

Another peptidomimetic compounds were chosen on the base of their molecular
structure and possible ability to bind a,p; cell receptor. Forty nine peptidomimetic

molecules in the first round and 68 molecules in the second round of screening with
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antihantavirus effect in the two thousand lower micromolar range were identified. In
result, a unique set of chemical compounds for the next phases of the drug discovery
development was obtained. Their antiviral potential needs to be refined and supported

by in vivo studies (Hall et al., 2010).

Therapy via blocking of bradykinin B2 receptor

Another promising idea for the therapy of hantavirus diseases is the use of
bradykinin receptor antagonists. Increased capillary permeability and vascular leakage
are typical for all hantavirus infections. Complement activation seems to be linked to
vascular changes in PUUV infections. The mechanisms behind the changes of vascular
permeability after hantavirus infection are obviously a multifactorial event which is not
yet completely analyzed. It has been found that hantaviruses are responsible for
increased activation of the kinin-kallikrein system during the infection of endothelial
cells, resulting in the liberation of bradykinin (Bossi et al., 2004; Golias et al., 2007;
Taylor et al., 2013).

Bradykinin is a nonapeptide binding bradykinin B2 receptor in role of an
inflammatory mediator which is responsible for a dilatation of the blood vessels,
increased vascular permeability and subsequently causes the blood pressure to fall.
Icatibant is a peptidomimetic drug which is a selective antagonist of bradykinin B2
receptors. Icatibant blocks the binding of bradykinin to the bradykinin B2 receptor by
binding to this receptor itself (Taylor et al., 2013).

A case report described a 37-year-old Finnish male patient with severe PUUV
infection successfully treated with a single dose of icatibant (Antonen et al., 2013;
Vabheri et al., 2014). A report of another case, a 67-year-old female patient with severe
HFRS caused by PUUV described a patient with a malignant chronic
lymphoproliferative disease mostly affecting the spleen. In addition, patients’ blood
disease was morphologically considered as either atypical chronic lymphotic leukemia
(CLL) or splenic marginal zone lymphoma. The 2 day delay between the doses the
icatibant had no significant role in the recovery. Although this patient did not die, the
icatibant did not play the role in recovery. Icatibant was not sufficient probably due to

an extremely severe case of PUUV infection. It can be useful to note that one of the
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predictions of severity of disease is a spleen with abnormalities. Nevertheless, the
bradykinin B2 receptor antagonist icatibant is surely worth a further study as a target in

the treatment of severe hantavirus infections (Laine et al., 2015).

1.6.5 Vaccines

There are no Food and Drug Administration (FDA)-licensed vaccines for HFRS
or HCPS. Some vaccines based on use of immunoactive inactivated virus particles are
in use in Far East, particularly in China and Korea. Other approaches of vaccine
development were also studied and evaluated. Recently, some excellent review articles
about vaccines against hantaviruses have been already published (Maes et al., 2009;
Schmaljohn, 2009; 2012; Kriiger et al., 2011), so we focused mostly on the most recent
highlights. Flaviviruses bring interesting challenges in vaccine development. On the one
hand, a vaccine against YFV (YF-Vax) works perfectly for a decade since it was
developed. On the other hands, it is still unsuccessful to develop a sufficient

immunoprophylaxis against DENV.

Live attenuated vaccines

Yellow fever 17D vaccine (YF-Vax) is a live-virus vaccine that has been used
since 1938. A single dose is enough to provide a lifelong immunoprophylaxis of most
people. The vaccine is recommended for people aged > 9 months who are travelling to
or living in areas at permanent risk for YFV transmission in Africa and South America.
Side effects to YFV vaccine are mild and can include headaches, muscle aches, and
subfebrilia. Serious events following YFV vaccination are rare. It could be life-
threatening allergic reaction, disease of nervous system, and/or disease of internal
organs. It should be a major care of healthcare provider or travel health clinic provider

to look for serious adverse events (web source 11, 12).
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Inactivated virus vaccines

In the last years some concerns have arisen about safety of the YFV 17D
vaccine, mainly viscerotropic adverse events, which have a case-fatality rate of 64%. A
non-replicating vaccines based on cell cultures would definitely not cause these adverse
events, and could be used in persons of a risk group with some pracautions to use the
live vaccine. There has been developed a whole virion vaccine from the 17D strain
inactivated with beta-propiolactone, and adsorbed to aluminium hydroxide. It highly
immunized mice, hamsters, and macaques. Hamsters and macaques were protected after
a single dose of the vaccine by the similar titer of antibodies to those elicited by the 17D
vaccine. Two doses of inactivated vaccine caused higher titer of antibodies than only a
single dose of live 17D vaccine (geometric mean titer 20,480 vs. 1940, respectively) A
clinical trial of the inactivated vaccine (XRX-001) has been started (Monath et al.,
2010).

Anti-hantavirus inactivated vaccines used in China and Korea are generally
inactivated by formalin or B-propiolactone. These vaccines are aimed to protect against
the hantaviruses HTNV, SEOV and PUUV, which are causing most of the cases of
HFRS (Zhang et al., 2010). Hantavax'", a formalin-inactivated vaccine developed in
Korea consists of HTNV amplified in mouse brains. It is commonly used since 90's in
Korea and China. Hantavax ™ showed immunogenicity lasting at least two years with a
three-dose schedule. The protective neutralizing antibody response showed to be
sufficient just after third boosting dose (Song et al., 2016).

Except of China and Korea, the research of anti-hantavirus vaccines was
established also in Russia. An inactivated bivalent PUUV/DOBYV vaccine consisting of
the hantavirus strains PUUV Ufa-97 and DOBV-Aa Lipetzk-06 was developed. The
aluminium hydroxide was used as adjuvant. This vaccine showed a significant
neutralizing antibody activity against both PUUV and DOBV in immunized BALB/c
mice. This bivalent vaccine against PUUV and DOBYV passed pre-clinical tests under
the Russian control authority institution and seems to be a promising approach in
prevention against these species of hantaviruses (Kriiger ef al., 2011).

Recently, there are no studies about using of live attenuated hantaviruses for

humans. Meanwhile, it has been proposed that a genetic reassortant of pathogenic and
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non-pathogenic virus species could be a feasible vaccine development. A particle from
the S and L segments of Prospect Hill virus and the M segment of PUUV was
constructed. This virus particle interacted with elements of the innate immune system in
vitro as Prospect Hill virus, but because of the PUUV origin of the M segment is

expected to induce anti-PUUYV neutralizing immune response (Handke et al., 2010).

Chimeric molecular vaccines

Non-replicating adenovirus vectors showed to be good carriers for a
development of recombinant vaccines against hantaviruses ANDV and SEOV as
representatives of HCPS and HFRS causing hantaviruses. Adenovirus expressing
ANDV N, G1 or G2 proteins sufficiently protected the hamsters against lethal outcome
of infection with ADNV (Safronetz et al., 2009). Another model of a replication-
competent recombinant canine adenovirus type 2 expressing the G1 protein of SEOV
(rCAV-2-G1) in BALB/c mice was evaluated. Sera from immunized mice contained
antibodies which specifically recognized SEOV and neutralized it in vitro. The
recombinant virus completely protected the animals against a lethal challenge with the
highly virulent strain of SEOV-CC-2 (Yuan et al., 2009).

Development of an effective vaccine against DENV has met a couple of
challenges. The DENV-host interaction of infections is unique and associated with
severe disease as a result of sequential DENV infection, viral immune evasion, host
antibody enhancement, host immune activation, and genetic predisposition. It is hard to
identify markers of protective immunogenicity, the target of potential role of antibodies
when a vaccine fails, and how could have impacted a large-scale vaccination on the
evolution of wild-type DENV (Thomas and Endy, 2011). However, there has been
developed a promising live-attenuated tetravalent chimeric vaccine, Dengvaxia, recently
approved by the WHO and licensed in four DENV-endemic countries. The National
Center Institute of Allergy and Infectious Diseases (NIAID), USA and Takeda,
developed another two DENV vaccines, which are entering phase III testing. Dengvaxia
is composed of four yellow fever 17D-DENV chimeras, the NIAID vaccine contains
three mutagenized DENV and one DENV2/4 chimera. Takeda vaccine is built of
attenuated DENV 2 and three DENV 2-DENV chimeras. Dengvaxia should protect one
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after three doses for one year, but it is not recommended to vaccine suspectible and too
sensitive individuals. The NIAID vaccine is more promising possibility for travelers
with only one dose required for a full protection against DENV-2 challenge. The
protection as well as safety of the Takeda vaccine still remains to be demonstrated
(Halstead and Aquiar, 2016).

Still in the part of chimeric vaccines, although there is no human WNV vaccine
yet approved, it is worth to mention that several vaccine candidates are in development.
However, despite the demonstration of strong protection in animal models for most of
them, only a few candidates have tested in humans in early phase I clinical trials. They
are Chimeric Vax-WNO2, Chimeric WN/DENV4-3’delta 30, Clinical trial VRC303,
and WN-80E They could be officialy available after approximately 3 year from now, in
the best case (Brandler and Tangy, 2013).

Virus-like particles

Virus-like particles (VLPs), such as hepatitis B virus and polyomavirus core
particles, are viral proteins carrying foreign epitopes (Ulrich ef al., 1998). HINV-VLPs
by co-expressing HTNV N protein and G1 and G2 glycoproteins in Chinese hamster
ovary (CHO) cells were generated. Then, intramuscular and subcutaneous
administrations of HTNV-VLPs were compared for the ability to induce a specific
immune response against HTNV infection in mice. The vaccination with HTNV-VLPs
resulted in the induction of higher levels of specific cellular immune response to N
protein in contrast with inactivated vaccine (Li et al., 2010). It has been shown that
more species of hantaviruses (ANDV and PUUV) are potent to form VLPs just from G1
and G2 glycoproteins which are pleomorphic and expose protrusions. The viral
nucleoprotein was not required for particle formation. These characteristics can be used
for inducing of specific immune response for different species of hantaviruses (Acufia et

al., 2014).
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DNA vaccines

Different types of DNA vaccines against HTNV, SEOV, PUUV, ANDV and
SNV using linear DNA, plasmid DNA and alphavirus replicons carrying genes for N
protein and/or glycoproteins have been made. Interestingly, their immunogenicity
apparently differs in different animal models. The M segment of ANDV was presented
as immunogenic in non-human primates and rabbits but not in hamsters (Hammerbeck
et al.,2009).

Three groups of nine volunteers were vaccinated with DNA vaccines for HINV,
PUUV or with a mixture of both vaccines expressing G1 and G2 genes of these viruses
within the Phase I study. Hantavirus neutralizing antibodies were detected in five of
nine and seven of nine persons who received all three vaccinations with the HTNV or
PUUV DNA vaccine. In case of combined vaccine group, seven of the nine participants
after all three vaccinations developed antibodies against PUUV. The three strongest
responders to the PUUV vaccine had a strong neutralizing response to the HTNV, too.
Both, HTNV and PUUV DNA vaccines were immunogenic, but when mixed, more
individuals responded to the PUUV in contrast to the HTNV DNA vaccine (Hooper et
al.,2014).

DNA vaccines protecting from hantaviruses causing HCPS were demonstrated
on geese which were vaccinated with an ANDV DNA vaccine encoding the virus
envelope glycoproteins for a purpose to produce neutralizing antibodies for use in
humans because availability of convalescent plasma from survivors is very limited.
Geese are supposed to produce IgY and alternatively spliced IgYAFc, that can be
purified at high concentrations from egg yolks. IgY lacks the mammalian Fc that can
create antibodies in horses, sheep, and rabbits reactogenic in humans. All geese
developed a high-titer neutralizing antibodies after second vaccination. It was shown by
a pseudovirion neutralization assay (PsVNA) that high level of these neutralizing
antibodies were maintained for over 1 year. Moreover, a booster vaccination resulted in
higher levels of neutralizing antibodies (i.e., PsVNAg titers >100,000). The protective
efficacy of the sera was proved in hamster model of lethal HCPS. It was shown that
IgY/IgY AFc purified from eggs transferred to hamsters subcutaneously starting 5 days
after IM challenge with ANDV (25 LDs) protected 7 of 8 hamsters. As it was shown,
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DNA vaccine/goose platform is obviously a good candidate of preventing a lethal HCPS
when administered post-exposure (Haese et al., 2015). A paper reviewing antivirals and

vaccines against hantaviruses is just published (Szabo6, 2017).

1.7 Basic approaches to phylogenetic analyses

Phylogenetic trees in general, are a good tool to depict and explore evolutionary
relationships between genes and organisms. They are comparable to a pedigree and
show which genes or organisms are most closely related. They are called phylogenetic
trees, because they resemble the tree structure and the terms refer to the various parts of
this diagram (i.e. root, branch, node, and leaf). The leaves of a tree are the extant
(existing) taxa, also called as operational taxonomic units (OTUs), because they
represent a real information (nt or aa sequence data) with which we operate. Internal
nodes are hypothetical taxonomic units (HTUs), because they emphasize that they are
the hypothetical progenitors of OTUs. A group of leaves that share the same branch
have a monophyletic origin and is called a cluster. In a case of unrooted tree, individual
taxa are only placed to each other according to their evolutionary relationship without
indicating the direction of the evolutionary process. There is no indication which node
could be the ancestor of all OTUs. A tree can be considered as rooted if one or more of
the OTUs form outgroup because they are most probably the most distantly related
OTUs (i.e. outgroup rooting). The rest then forms the ingroup. The ingroup and
outgroup are jointed by the root node (Vandamme, 2009).

To investigate the evolution and relationships between organisms, different
kinds of data can be used. Taxonomy is still based largely on morphology. But the
increasingly available molecular information, such asnucleotide or amino acid
sequences are the reason why the use of molecular data for inferring phylogenetic trees
has now gained interest among biologist of different disciplines, and this approach is
often used in addition to morphological data to study evolutionary relationships in
further detail (Vandamme, 2009).

The aim of molecular phylogenetic analyses is to infer the most reliable
estimation of the real evolutionary relationships between genes of organisms. The

evolution can be expressed as the accumulation of genetic changes within populations
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over time (Hungnes et al., 2000). For the purposes of molecular phylogenetic analyses,
sequence information data is stored in databases such as the National Center for
Biotechnology Information (NCBI), the National Library of Medicine (NLM), the
European Molecular Biology Laboratory (EMBL) or the DNA Database of Japan
(DDJ). Some organizations, such as NCBI Blast can provide a search for homologous
sequences based on similarity scores. The first step after obtaining a dataset of
sequences (nucleotide or amino acid) is to align them according to homology of each
position of nucleotide or amino acid within the sequence dataset. Alignment is an
essential prerequisite for further phylogenetic analyses (Vandamme, 2009).

The methods for constructing phylogenetic trees from molecular data can be

grouped according to the kind of data they use, discrete character states or a distance

matrix of pairwise dissimilarities, and according to the algorithmic approach of the
method, either using a clustering algorithm resulting in only one tree estimate, or using
an optimality criterion to evaluate different tree topologies (Vandamme, 2009).

Basically, character-state methods are able to use any set of discrete characters,
which can be morphological characters, physiological properties, restriction maps, or
sequence data. A comparison of sequences includes comparing each sequence position
within the alignment. The sequence position is considered as “character”, and the
nucleotides or amino acids at that position are the “states”. All character positions are
analyzed independently, so each alignment column is considered as an independent
realization of the evolutionary process (Vandamme, 2009).

Distance matrix methods start by calculating some measure of the dissimilarity
of each pair of OTUs to create a pairwise distance matrix. Next, they infer the
evolutionary relationships of the OTUs from the matrix. Distance methods discard the
original character state of the taxa. As a result, the information required to reconstruct
character state of ancestral nodes is lost. A great advantage of these methods is very fast
analysis of large datasets. Disadvantage is a poor statistical support of results. Neighbor-
joining (NJ) method is a good example. The clustering method used by this algorithm
minimizes the length of all internal branches and thus the length of entire tree. At the
beginning, NJ constructs a star-like tree which has no internal branches. In the first step,
it put the first internal branch and then, one by one the others and calculates the length

of the resulting tree (Vandamme, 2009).
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“Maximum parsimony (MP)” and “Maximum likelihood (ML)” represent two

character-state methods. The principle of MP is to infer an evolutionary history by use
of the minimum number of mutations needed for a tree construction. This method is
relatively simple and statistically consistent. The MP is used mainly in cases in which
the evolutionary rate is relatively slow. A disadvantages of MP is the estimations of that
the common character is inherited directly, so the method always underestimates the
differences between distantly related taxons (Vandamme, 2009)..

On the other hands, ML methods have the advantage of using a statistical
criterion because they consider the probability that a tree gave rise to the observed
aligned sequences given a specific evolutionary model. The major disadvantage is an
exhaustive search, which explores all possible trees, which could have been constructed,
and thus the computing time, grows explosively as the number of data increases. ML
requires a use of a mathematical model which estimates the probability of substitutions
at each character in the alignment. It is mostly calculated by Bayesian Information
Criterion (BIC) or Akaike Information Criterion (AIC) (Posada and Crandall, 2001;
Hoft et al., 2016). For this model is required a simple tree which can be quickly
calculated for these purposes by Neighbor-Joining method. Probably one of the most
important parameters of the phylogenetic trees is the choise of a proper mathematical
model. It is probably even more important than a method for the tree construction itself.
A mathematical model allows to correct the actual percentage differences between
sequences, which are always bigger than directly calculated distances between
sequences due to multiple hits (mutations during the evolution). When two sequences
are very divergent, it is likely that, at a certain position, two or more mutations have
occurred. We are able to see only actual differences at each position between the
sequences, but with a mathematical model, we are able to estimate a number of
mutations which there occurred in past until the final visible form (Posada, 2009).

Bayesian inference is in the cathegory of character-state methods, but different

to Maximum Likelihood. It calculates with a prior distributions of data and posterior
distributions of data. Prior distribution means that among all possible phylogenetic
trees, each one has the same probability to be true. When data are put into a particular
tree, it can result differently. For each of the trees, we will have a different probability.

That is a posterior distribution. For the search of the best tree, there is commonly used
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Markov Chain Monte Carlo (MCMC), a stochastic model using a hot chain and a cold
chained to search the best tree. If we imagine a hot chain and a small chain as two
robots searching the trees in a landscape made of hills and wvalleys, hot chain is
searching among the highest hills and cold chain among those smaller ones. Each chain
can accept the highest place of the hill and swap to another. When a hot chain finds the
highest peak of the hill and another higher hill is close to him, it swaps there and
continues in searching process. It is like the hot chain is melting the landscape
differences of hills divided by valleys and is flattering the whole landscape. Probably
for this is the hot chain called hot. The function of cold chain is opposite. We can set a
number of chains more than just one hot and one cold. The point where the hot and cold
chain meet together is the point where they found the best tree (Ronquist ez al, 2009).

A widely used additive statistical supporting approach is the bootstrap analysis
(or bootstrapping). Bootstrapping is a sampling method for estimating the statistical
error in cases when the underlying sampling distribution is either unknown or difficult
do derive analytically (Efron and Gong, 1983). The bootsrapping represents a useful
tool to approximate the underlying distribution by resampling the original dataset.
Particularly in phylogenetic analyses, non-parametric bootstrapping starts by replicating
the datasets of the same size as the original by randomly resampling alignment columns
with replacements from the original alignment and reconstruction phylogenetic trees for
each of them. In each replication, the columns are chosen randomly, some of them can
be chosen more times as well as some could not be chosen at all. The result represent
the likelihood when the clades resulted the same in more replications in a row. As more
bootstrap replications are set, so higher statistical support of the results is gained

(Schmidt and Haesler, 2009).
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2. AIMS OF THE STUDY

2.1 Aims of the study at the Department of Virus Ecology, Biomedical Research

Center, Institute of Virology, Slovak Academy of Sciences, Bratislava, Slovakia

Research activities under the supervision of RNDr. Boris Klempa, DrSc:

Primary objectives:
e Molecular screening of small mammals’ tissue specimens to a hantavirus
infection.
e Identification of hantavirus species from hantavirus-positive specimens based on
the L-segment hantavirus segment nucleotide sequences.
e Obtaining the S-segment and M-segment nucleotide sequences of the hantavirus
genome from the hantavirus-positive specimens.

e Sequence and phylogenetic analyses of the newly obtained hantavirus strains.

Secondary objectives:
e Virus isolation from the tissues of newly identified hantavirus-positive
specimens.
e Developing of a duplex RT-PCR assay using an internal positive control for the

screening of hantaviruses.
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2.2 Aims of the study at the Department of Biomedical Sciences, Section of
Microbiology and Virology, Faculty of Biology and Pharmacy, University of
Cagliari, Monserrato (CA), Italy

Research activities under the supervision of Prof. Alessandra Pani:

Primary objectives:
e Evaluation of the antiviral activity of selected aryl-piperazine derivates against
viruses from the genera Hantavirus and Flavivirus, which are causative agents

of hemorrhagic fever in humans.

Secondary objectives:

e Evaluation of the antiviral activity of selected aryl-piperazine derivates against
viruses with a different type of genome (in comparison with the genera
Hantavirus and Flavivirus) from the genera Lentivirus (family Retroviridae),
Enterovirus (family Picornaviridae), Orthopoxvirus (family Rhabdoviridae),
and Vesiculovirus (family Rhabdoviridae).

e Evaluation of the antiproliferative activity of selected aryl-piperazine derivates

against different types of tumoral cells.
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3. MATERIALS AND METHODS

3.1 Screening of small mammals, sequence and phylogenetic analyses of novel

hantavirus strains

3.1.1 RNA extraction

We stored the animal tissue samples on the dry ice (then stored at -80°C) or on
the ice with RNAlater Tissue Storage Reagent (then stored at -20°C). The total RNA of
animals suspicious for hantavirus infection was extracted from lung tissues using the
Quick Gene RNA tissue kit SII (RT-S2) (KURABO Industries Ltd., Osaka, Japan).
Small pieces (15-30 mg, 1.5-2 mm®) of animal tissues were homogenized in 500 ul of
Lysis Buffer with 2-Mercaptoethanol using a QIAGEN TissueLyzer (30 Hz/5 min. X
2times). After centrifugation at 14,000 rpm/3 min./RT we transferred 385 pl of
supernatant to a new 1.5 ml microtube with 175 ul of Solubilizaion Buffer. After 15
sec. vortex and brief spinning down we added 140 pl of 99% ethanol. After 1 min.
vortex and brief spinning down we transferred the whole lysate to the cartridge in QG-
Mini80 machine and made the lysate to flow through the membrane. We washed the
membranes with 750 ul of Wash Buffer three times. Then, we extracted the total RNA
in the last flow throught in 50 pl of Elution Buffer and stored at - 80°C.

3.1.2 Reverse transcription and RT-PCR reagents

10 pl (1-5 pg) of the total RNA was reverse transcribed into the cDNA with 1 pl
(200 units) of M-MLV Reverse Transcriptase (Invitrogen'”, Waltham, MA, USA)
using 1 pl (250 ng) of random primers, 1 pl of 10 mM dNTP mix (pH7), 4 pul of 5 x
First-Strand Buffer [250 mM Tris-HCI(pH 8.3 at room temperature), 375 mM KClI, 15
mM MgClL], 2 ul of 0.1 M DTT, and 0.1 ul of RNase OUT™ Recombinant
Ribonuclease Inhibitor (40 units/pl) according to manufacturer's protocol. One fourth of
the total volume of cDNA (5 ul) was used as a tamplate for the 1* round of PCR
reactions. All the RT-PCRs within the study were performed by Maxima Hot Start PCR
Master Mix (2X). PCR master mix (50 pl) contained Maxima Hot Start 7ag DNA
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polymerase supplied in 2X Hot Start PCR buffer, 400 uM dATP, 400 uM dGTP, 400
uM dCTP, 400 uM dTTP and 4 mM Mg 2" (Thermo Scientific™, Waltham, MA,
USA).

3.1.3 Hantavirus initial screening RT-PCR by targeting the virus L segment

The Pan-Hanta-PCR assay was developed to detect and identify the species of
hantaviruses which are currently known and also those novel ones which are not
discovered, yet. A set of degenerated primers (HANL-F1 and HANL-R1 for first round
of PCR and HANL-F2 and HANL-R2 for nested PCR) were based on the alignment of
available nucleotide sequences of different species of hantaviruses (HTNV, SEOV,
DOBV, PUUV, TULV, SNV, and ANDV) and on their common highly conserved
region of L segment (Klempa et al., 2006).

The thermal cycling conditions of both, 1¥ Round of PCRs (40 cycles) and
nested PCRs ( cycles) were: 95°C for 4 min for initial denaturation / enzyme activation,
95°C for 30 sec, 53°C for 30 sec and 72°C for 30 sec, followed by one cycle of final

extension for 5 min at 72°C.

3.1.4 RT-PCR for the sequencing of PUUV and DOBYV partial S and M segments

After the initial screening and the species identification based on the partial L
segment nucleotide sequences in BLAST, we used a different sets of primers for (semi-)
nested RT-PCRs to obtain a maximum possible length of nucleotide sequences from S
and M segments of both, PUUV and DOBV (Table 2). The primers were previously
used in other studies, for S segment of PUUV (Bowen et al., 1997), and for S segment
(Sibold et al., 2001) and M segment (Papa et al., 1998) of DOBV. The program and the
primers’ annealing temperature of reactions were set according to mentioned studies
and the manufacturers’ protocol for Maxima Hot Start PCR Master Mix (2X) (Thermo
ScientificTM, Waltham, MA, USA).
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Table 2: List of primers used within the study

Target Primer name

Primer sequence 5" — 3’

References

All hantaviruses

L segment HAN-L-F1 ATG TAY GTB AGT GCW GAT GC (Klempa et al., 2006)
HAN-L-R1 AAC CAD TCW GTY CCR TCA TC (Klempa et al., 2006)
HAN-L-F2 TGC WGA TGC HAC IAA RTG GTC (Klempa et al., 2006)
HAN-L-R2 GCR TCR TCW GAR TGR TGD GCA A (Klempa et al., 2006)

PUUV

S segment Puu la TAT GGI AAT GTC CTT GAT GT (Bowen et al., 1997)
Puu 1b GCA CAI GCA AAI ACC CA (Bowen et al., 1997)
Puu 2a CCI AGT GGI CAI ACA GC (Bowen et al., 1997)
Puu 2b AAI CCI ATI ACI CCC AT (Bowen et al., 1997)
Puu 2a 1 CCI AGT GGY CAR ACA GC (Bowen et al., 1997)

M segment PUU-M-2222F CAT TTR GGY CAY TGG ATG GAT G this study
PUU-M-3123R  GTA GAR CCA TAA CAC ATY GC this study
PUU-M-2300F TAT CCW TGG CAR ACA GCX GG this study
PUU-M-3111R CAC ATY GCW GAR TCA CAT GC this study

DOBV

S segment DI113F GAT GCA GAI AAI CAI TAT GAR AA (Sibold et al., 2001)
D1162R AGT TGI ATI CCC ATI GAI TGT (Sibold et al., 2001)
D357F TGC WGA TGC HACTAA RTG GTC (Sibold et al., 2001)
D955R GCR TCR TCW GAR TGR TGD GCA A (Sibold et al., 2001)

M segment DM1470F CCI GGI TTI CAT GGI TGG GC (Papa et al., 1998)
DM2029R CCA TGI GCI TTI TCI KTC CA (Papa et al., 1998)
DM1674F TGT GAI RTI TGI AAI TAI GAG TGT GA (Papa et al., 1998)
DM1990R TCI GMT GCI STI GCI GCC CA (Papa et al., 1998)

For the M segment of PUUV, we used a new set of primers which were designed

in Geneious software (Auckland, New Zealand). The annealing temperature of these

primers was set at 55 °C for both, 1* Round and nested PCR, as well.

3.1.5 Methods in silico

Obtained PCR products were sequenced by Sanger method as a commercial

service in Ecoli Ltd. (Bratislava, Slovakia). Screening of the rodent tissue samples from

Germany was performed and resulting sequences were obtained by our collaborating

partners (Bundeswehr Institute of Microbiology, Dept. Virology & Rickettsiology,

Munich, Germany). After obtaining the first sequence data from the primary L segment
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screening, we used SeqMan Pro (Lasergene software package, DNASTAR, WI, USA),
to assemble two sequences (from both directions) and get one consensus sequence.
SeqMan Pro is a useful tool which allows to visualize a sequencing signal with all errors
(if they appeared) which had been not corrected automatically. In most of cases, these
errors are easy to correct manually. An important step in consezus sequences making
was to cut the terminal sequence information which corresponds to the primer sequence.
SeqMan Pro was used for assembling S and M segment sequences, too. We used
BLAST (Basic Local Alignment Search Tool), an online available tool which finds
regions of similarity among a wide range of different biological sequences. The
program compares nucleotide or protein sequences to sequence databases and calculates
the statistical significance.

Multiple alignments of nucleotide sequences were generated by the program
MUSCLE (available within MEGA7). It is interesting to note, that the speed and
accuracy of MUSCLE were compared with other programs aligning nucleotide
sequences, such as T-Coffee, MAFFT, and CLUSTALW and MUSCLE achieved the
highest or joint highest rank in accuracy in all tests (Edgar, 2004).

The estimation of the best substitution model is considered as a crucial step for
good results particularly when Maximum Likelihood method is used for the
construction of phylogenetic trees. For the estimation of the best substitution model we
chose the Bayesian Information Criterion (BIC) method (Schwarz, 1978), which seemed
to be appropriate for our purposes according to previously published studies (Nei and
Kumar, 2000). The Best-fit model tests were performed in MEGA7.

All five phylogenetic trees in results below were performed in program MEGA7,
as well. As a method for the inference of phylogeny Maximum Likelihood (ML) was
chosen for all five cases using the best-fit substitution model according to the results of
Model test for each tree separately. As a statistical support, we used a Bootstrapping
with 1000 replications. Only the values of the results of bootstrapping > 70 are shown
on the branches, as we considered them as statistically significant. Additional sequence

analyses- Sequence Identity Matrix, were performed in BioEdit software (Hall, 1999).
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3.1.6 Virus isolation attempts

We tried to isolate infectious PUUV virus from RT-PCR-positive lung tissue
samples from wild bank voles trapped in East Slovakia (Cat. No.: PUUV/SVK129/Mg,
PUUV/SVK132/Mg, PUUV/SVK780/Mg). 60 ng of the tissue were suspended in
Dulbecco's medium (DMEM) supplemented with 0.2% bovine serum albumin (BSA).
Ratio: 60 pg tissue/ 600 ul DMEM/ 0.6 mg BSA. The tissues were homogenized with
QIAGEN TissueLyzer (30 Hz/5 min. x 2times). Homogenized tissues were briefly
centrifugated at low speed: 14,000 rpm/3 min./RT. Then, 400 pl of the supernatant was
used for the inoculation of confluent VERO E6 cell cultures in 25 cm? flasks (three
flasks for each sample). Cells with infectious inoculum were incubated at 37°C. We

changed the medium after 90 min. and then in every one week interval (Figure 5).

= homogenization ) .
. Hantavirus-positive
h organ/tissue specimen
supernatant
50% new cells 50% new cells 50% new cells 50% new cells
50% passaged cells 50% passaged cells | 50% passaged cells | 50% passaged cells

/\/\/\

medium, cell
RNA

Pan-Hanta-L RT-PCR

Figure 5: Scheme of the virus isolation attempts according to published procedure (Nemirov et

al., 1999).

We passaged the cells in every 2 week intervals into the new flasks by adding
uninfected cells in half of the total amount (ratio 50:50) according to the published
procedure (Nemirov et al., 1999), which have been published particularly for the

isolation of hantaviruses. Altogether, we made 4 passages in a period of 8 weeks. After

56



each cell passage, we stored the old medium digested by cells and the cells from the

previous passage into the cell culture freezing medium at -80°C.

3.2 Bacteriophage MS2 as an internal control in duplex RT-PCR assay for the

screening of hantaviruses

Bacteriophage MS2 (DSM13767) was purchased in DSMZ institute
(Braunschweig, Germany). MS2 was cultivated in E. coli XL-10 Gold (Stratagene, La
Jolla, CA) harboring F-plasmid by the double-agar-layer plaque cultivation technique
(Ausubel et al., 1999). We harvested the top agar layer with confluently destructed cells
and put them into 4 ml of suspension medium (SM) buffer (0.1 M NaCl, 8 mM MgSQOy,
0.05 M Tris-HCI, pH 7.5, 0.01% [wt/vol] solid gelatin). The bacteriophage particles
were isolated by low-speed centrifugation (4,000 x g/30 min./4°C) with 4 ml of
chloroform. Then, we obtained the phage particles from the supernatant (cca 3 ml) and
stored at -20°C. The PFU was calculated from the dilutions (10'2, 10'4, 10'6, 10'8) of the
MS2 phage stock using the double-agar-layer technique as previously. The phage MS2
stock solution contained 3x10'" PFU/ml. For the next purposes, the phage MS2 stock
was diluted in SM buffer to the final concentration 6 x 10* PFU/ml.

In the first step of the hantavirus detection from wild animals we extracted a
total RNA by a Quick Gene RNA tissue kit SII (RT-S2) (KURABO Industries Ltd.,
Osaka, Japan). Small pieces (15-30 mg or 1.5-2 mm®) of random non-infectious animal
tissue were added into 500 pl of Lysis Buffer with 2-Mercaptoethanol. To simulate the
infectiousness we added 50 pl of Prospect Hill virus (PHV, strain: PH-1) suspension.
For measuring the sensibility of the procedure we used different titers of PHV
suspension (1 x 10°, 1 x 10%, 1 x 10" and 1 FFU/ml). Then we added 50 pl of the
internal genomic control- MS2 phage solution (6 x 10* PFU/ml). The tissue with
bacteriophages was homogenized by QIAGEN TissueLyzer (30 Hz/5 min. x 2times).
After the procedure according to the manufacturer's protocol, we extracted the total
RNA in 50 pl of Elution Buffer and stored at - 80°C. 10 ul (1-5 pg) of the total RNA
was reverse transcribed into the ¢cDNA with 1 pl (200 units) of M-MLV Reverse
Transcriptase (Invitrogen™™, Waltham, MA, USA) using 1 pl (250 ng) of random
primers, 1 pl of 10 mM dNTP mix (pH7), 4 ul of 5 x First-Strand Buffer [250 mM Tris-
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HCI(pH 8.3 at room temperature), 375 mM KCI, 15 mM MgClL], 2 ul of 0.1 M DTT
and 0.1 pl of RNase OUT™ Recombinant Ribonuclease Inhibitor (40 units/pl). One
fourth of the total volume of cDNA (5 ul) was used as a tamplate for the 1% round of
PCR reactions.

We modified the original Pan-Hanta-PCR assay RT-PCR assay by adding a set
of primers for the bacteriophage MS2 RNA (Table 3). We performed the RT-PCR
reactions by Maxima Hot Start PCR Master Mix (2X).

Table 3: RT-PCR program:

1. Round PCR Vol. [ul] PCR program:
Maxima Hot Start PCR 95°C 4’

Master Mix (2X) 25 95°C 30~
HANL-F1 5 53°C 30~ 40 x
HANL-RI1 5 72°C 30"

MS2: 2717F 5 72°C 5’

MS2: 3031R 5 4°C  hold

=45 pl + 5 pul cDNA

(Semi-) Nested PCR Vol. [ul] PCR program:

Maxima Hot Start PCR 95°C 4

Master Mix (2X) 25 95°C 307
HANL-F2 5 53°C 307 25 %
HANL-R2 5 72°C 307

R 5/5 72°C 5

H,O 4 4°C  hold

=49 pl + 1 pl PCR product

(Semi-) Nested RT-PCR was performed in three different combinations of primers for the
Bacteriophage MS2 ¢cDNA: ® MS2: 2781F / MS2: 3031R ® MS2: 2717F / MS2: 2989R © MS2:
2781F / MS2: 2989R.
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3.3 Screening of biological activity of selected chemical compounds
3.3.1 Preparation of stocks of the compounds

A novel series of seventeen aryl-piperazine derivates (2CI3C1, 2C13C2, 2CI3C3,
2CI3C5, 2CI3Ce6, 2CI3CS8, 2CI3C9, 2CI3C10, 2CI3C13, 2Cl4C1, 2Cl4C4, 2Cl4C5,
2Cl4Ceo, 2Cl4C7, 2Cl4C8, 2Cl4C10, 2Cl4C12) synthesized by our Partners of the
Medical University of Warsaw (Poland). Compounds were dissolved in DMSO
(dimethyl sulfoxide). The volume of DMSO was calculated according to mass of the
powder and a molar mass of each of the compounds, using the formula showed below
(Figure 6), to obtain the final concentration of 100 mM. The molar mass was given

together with compounds’ molecular formulas (Appendix 1).

(uL1pMso = assimel o 600
K " Molar mass ’

Figure 6: A formula for calculation of the volume of DMSO for making of 100 mM stock

solutions from solid chemical substances.

Compounds’ solutions were mixed by vortex and briefly held in ultrasonicator to
obtain a homogenous colloid solution. Full systematic names of the aryl-piperazine
derivates are listed under the scheme of synthesis (Figure 7). The skeletal structure

formulas of each compound are listed in Appendix 1.
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Figure 7: Scheme of synthesis of aryl-piperazine derivates used within the study.

1. 11-chloro-17-azapentacyclo[6.6.5.0%7.0>'*.0">""Inonadeca-2,4,6,9(14),10,12-hexaene-
16,18-dione

2. 1l-chloro-17-(3-chloropropyl)-17-azapentacyclo[6.6.5.0%".0>'*.0">""nonadeca-
2,4,6,9(14),10,12-hexaene-16,18-dione

3. 17-(4-bromobutyl)-11-chloro-17-azapentacyclo[6.6.5.0%7.0°'*.0'>"?Inonadeca-
2,4,6,9(14),10,12-hexaene-16,18-dione
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2a. 2CI3C1; 11-chloro-17-{3-[4-(2-methylphenyl)piperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2b. 2CI13C2; 11-chloro-17-{3-[4-(4-chlorophenyl)piperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2¢. 2CI13C3; 11-chloro-17-{3-[4-(2-fluorophenyl)piperazin-1-yl|propyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2e. 2CI3C5; 11-chloro-17-{3-[4-(pyrazin-2-yl)piperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2f. 2CI13C6; 11-chloro-17-{3-[4-(pyridin-2-yl)piperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2h. 2CI13C8; 11-chloro-17-[3-(4-(phenylpiperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2i. 2CI13C9; 11-chloro-17-{3-[4-(2-methoxyphenyl)piperazin-1-yl|propyl}-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

2j. 2CI13C10; 11-chloro-17-{3-[4-(4-fluorophenyl)piperazin-1-yl]propyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

21. 2CI13C13; 11-chloro-17-(3-{4-[(4-chlorophenyl)(phenyl)methyl]piperazin-1-yl } propyl)-17-
azapentacyclo[6.6.5.0%7.0'*.0">"|nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3a. 2Cl4C1; 11-chloro-17-{4-[4-(2-methylphenyl)piperazin-1-yl]butyl }-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3d. 2C14C4; 11-chloro-17-{4-[4-(4-nitrophenyl)piperazin-1-yl]butyl }-17-
azapentacyclo[6.6.5.0%7.0'*.0">"nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3e. 2CI4C5; 11-chloro-17-{4-[4-(pyrazin-2-yl)piperazin-1-yl]butyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">""|nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3f. 2C14C6; 11-chloro-17-{4-[4-(pyridin-2-yl)piperazin-1-yl]butyl}-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione
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3g. 2CI14C7; 11-chloro-17-{4-[4-(pyrimidin-2-yl)piperazin-1-yl]butyl}-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3h. 2CI14C8; 11-chloro-17-[4-(4-(phenylpiperazin-1-yl]butyl }-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3j. 2C14C10; 11-chloro-17-{4-[4-(4-fluorophenyl)piperazin-1-yl]butyl }-17-
azapentacyclo[6.6.5.0%7.0'*.0">"Inonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

3k. 2Cl14C12; 11-chloro-17-{4-[4-(2-ethoxyphenyl)piperazin-1-yl]butyl }-17-
azapentacyclo[6.6.5.0%".0”'*.0">""nonadeca-2,4,6,9(14),10,12-hexaene-16,18-dione

Note: Only those variants of aryl-piperazine derivates which we have had available are
listed. Full final skeletal structures of aryl-piperazine derivates are listed in Appendix 1
according to abbreviated symbols in bold (2CIXCX). Structure, activity, and
relationship study is described in Discussion according to aryl-piperazine chemical

groups (R = 2a-21 v 3a-3I).
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3.3.2 Propagation of cell cultures from frozen stocks and their maintenance

For virus cultivation and cytotoxicity evaluation we used the following ATCC
animal cells: VERO 76, VERO E6, BHK-21, MT-4. For antiproliferative evaluation we
used the ATCC human derived tumoral cell lines: HeLa, SK-MEL-28, SK-MES-1, DU
145, CCRF-CEM, CCRF-SB, WIL-2NS, and a non-tumoral control: CRL-7065 (Table
4). After recovery from the frozen stock in liquid nitrogen, before experimental testing,
cells were split 2-3 times in order to allow them to reach their regular growth rate.

For the maintenance of VERO cells (VERO76/VERO E6) was used Eagles’
minimum essential medium (EMEM, Lonza Group Ltd., Basel Switzerland) containing
25 mM HEPES (Thermo Fisher Scientific, MA, USA), 10% FBS, 1% L-glutamine, 1
mM sodium pyruvate (NaPy), 1% NEAA (non essential amino acids), and 0.1%
Gentamicin. All cell lines were regularly passaged twice a week in a ratio of dilution
calculated according to their optimal level of growth.

The baby hamsters’ kidney (BHK-21) cells were passaged with Minimum
essential medium with Earle’s salts (MEM-E), L-glutamine, 1 mM NaPy, 25mg/L
kanamycin, supplemented with 10% FBS.

For non-adherent tumoral cell lines, which grow in suspension (CCRF-CEM,
CCRF-SB, WIL-2NS), RPMI 1640 medium supplemented with 4.5g/L glucose, 2 mM
L-glutamine and 10% fetal bovine serum, was used. All the cell cultures were incubated
at 37 °C in ahumidified, 5% CO, atmosphere, and periodically checked for

mycoplasma contamination.
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Table 4: List of tumoral cell lines and non-tumoral control (CRL-7065), their origin and properties.

Cell name Organism Tissue Morphology Culture properties Disease Age Gender
HeLa H. sapiens  cervix epithelial adherent Adenocarcinoma 31 female
SK-MEL-28 H. sapiens skin polygonal adherent Malignant melanoma 51 male
SK-MES-1 H. sapiens lung epithelial adherent Squamous cell carcinoma 65 male
DU 145 H. sapiens prostate epithelial adherent Carcinoma 69 male
CCRF-CEM H. sapiens peripheral blood lymphoblast suspension Acute lymphocytic leukemia 4 female
CCRF-SB  H. sapiens peripheral blood lymphoblast suspension Lymphoblastic leukemia 11,5 male
WIL-2NS  H. sapiens spleen lymphoblast  suspension Hereditary spherocytosis 5 male
CRL-7065 H. sapiens skin, foreskin  fibroblast adherent Normal newborn male
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3.3.3 Methods of screening and evaluation of the compounds’ biological activity

Potential inhibitory activity of compounds against hantaviruses (PUUV and
SEOV) was evaluated by Focus-reduction assay performed in 6-well plates (Figure 8).
The concentrations of the evaluated chemicals were set from 30 uM, three times diluted
to 10 uM, 3 uM, and 1 pM. Only for title compounds, the dilutions were 100 uM, 50
uM, 25 uM, and 12.5 uM for Ribavirin and 10 pM, 5 uM, 2.5 uM and 1.25 uM for 6-
azauridine. When the old medium was removed, the VERO E6 cells (8x10°cells/well)
were infected by PUUV or SEOV (MOI = 0.0000375). The infectious virus suspension
was diluted in the HBSS medium and virus adsorption to cells was allowed for one hour
in CO; thermostat and agitated every 10 minutes.

Then, virus inoculums was removed and 2.5 ml of the overlay medium was
poured into each well. The 60 ml of the overlay medium contained 30 ml of the 1%
agarose (diluted in ultrapure water), 25.7 ml 2xEMEM, 750 ul HEPES, 3 ml FBS, and
600 ul PSN (penicillin, streptomycin, neomycin). When 6-well plate was used, only one
chemical compound was possible to evaluate within the one multiwell plate. The rate of
the replication was measured by Focus reduction assay.

The primary antibody- anti Malacky (TULV-Malacky genotype) obtained from a
rabbit attached the N-protein of hantaviruses. The secondary antibody- goat anti-rabbit
IgG (H+L) HRP Conjugate (Cat. No. 170-6515, Bio-Rad, Inc., CA, USA) was attached
to the primary antibody. Then, the SuperSignal West Pico Chemiluminescent Substrate
(Cat. No. 34080, Thermo Scientific, MA, USA) was added and the foci were visualized
by use of ChemiDoc MP Imaging System (Bio-Rad, Inc., CA, USA).

200,
00

Figure 8: Universal scheme for the evaluation of chemical compounds against hantaviruses on

00,

6-multiwell plate; IC- infection control; CC- cellular control.
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Compounds’ activity against Vaccinia virus (VV), Vesicular stomatitis virus
(VSV), and Coxsackie virus, strain BS (CVB-5) were determined by plaque reduction
assay in infected monolayers of VERO 76 cells (Figure 9). VERO 76 cells were seeded
in 24-well plates at a density of 2x10° cells/well and were allowed to form confluent
monolayers by incubating overnight in growth medium at 37°C in a humidified CO,
(5%) atmosphere. Then, monolayers were infected with appropriate virus dilutions (250
ul) to final 50-100 PFU/well. The viruses on VERO 76 were incubated at room
temperature (normal atmosphere) for 90 minutes.

The unadsorbed virus was removed and replaced by Dulbecco’s modified
Eagle’s medium (500 pl), supplemented with 1% inactivated FCS and 0.75% methyl
cellulose, with or without added a serial of testing chemical compounds. A primary
screening was performed with four dilutions of selected compounds (100 uM, 50 uM,
25 uM, and 12.5 pM). When some chemicals resulted as active, we repeated the
screening by adding four dilutions more (6.25 uM, 3.1 uM, 1.6 uM, and 0.8 uM), as
with a title compound at the beginning (Figure 9). Cultures were incubated at 37°C for 2
(VSV) or 3 (CVB-5, VV) days and then fixed with PBS containing 50% ethylalcohol
and 0.8% crystal violet. The multiwell plates were at the end washed and dried on air.
Concentrations resulting in 50% of inhibition (ECsp) were calculated according to
number of plaques caused by a virus replication and were determined by a linear

regression analysis.

2 3 4 Title compound 5
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Figure 9: Universal scheme for the evaluation of chemical compounds against VV, VSV, and

(1)
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0000;

CVB-5 on 24-multiwell plate; IC- infection control; CC- cellular control; Numbers 1, 2, and 3

represent different random compounds.
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The inhibitory activity test of compounds against Yellow fever virus (YFV) and
Human Immunodeficiency virus type-1 (HIV-1) was based on virus-induced cytopathic
effect by YFV in BHK-21 cells, and by HIV-1 in MT-4 cells. The infection was
performed at the MOI= 0.01 for both, YEV and HIV-1. RPMI (50 pl) containing 1x10*
MT-4 were added to a well (of 96-well plate) where was previously added RPMI (50
ul), with or without serial dilutions of tested compounds (Figure 10). The HIV-1
suspension (20 ul) containing 100 CCIDs, was then added. After 4 days of incubation,
cell viability was determined by the MTT method. BHK-21 cells were seeded in 96-well
plates at a density of 5 x 10* cells/well and were allowed to form confluent monolayers
by incubating overnight in growth medium at 37°C in a humidified CO2 (5%)
atmosphere. Cells were then infected with 50 pl of a proper virus dilution in serum free
medium (MOI= 0.01). After one hour, MEM Earle’s medium (50 pl), supplemented
with inactivated fetal calf serum (FCS), 1% final concentration, with or without serial
dilutions of tested compounds. After 3-4 days of incubation at 37°C, cell vialibility was
determined by the MTT method.

To test the antiproliferative activity of compounds against tumoral cell lines
grown in monolayer, 50 pl/ well of 2 x 10° cells/ml suspension of HeLa, SK-MEL-28,
SK-MES-1, and DU 145 cells were seeded in 96-well plate. The non-tumoral cell
control (CRL-7065) was seeded at a density of 4 x 10 cells/ml, 50 ul/well. Then, plates
were incubated in complete growth medium (EMEM) for 24 hours. The medium was
then removed, and the cells were incubated with 50 pl serum-free medium (RPMI
1640), with or without proper dilutions of chemical compounds. The evaluation of aryl-
piperazine derivates inhibitory effect against tumoral cell lines grown as suspension
(CCRF-CEM, CCRF-SB, WIL-2NS), RPMI medium with or without proper
concentrations of chemical compounds was seeded (50 pl/well) in 96- well plate. Then,
the cells were added at a density 10* cell/well. After 3-4 days of incubation at 37°C, cell
vialibility was determined by the MTT method.
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Figure 10: Universal scheme of distribution of 96-multiwell for MTT tests (used for:
YFV/BHK-21; HIV-1/MT-4; HeLa, SK-MEL-28; SK-MES-1; DU 145; CCRF-CEM, CCREF-
SB, WIL-2NS; CRL-7065). CC-cellular control; IC-infection control; Chemical substances
were dilluted in medium to final concentrations: 100 uM, 20 uM, 4 uM, and 0.8 pM according
to letter A, B, C, D, then E, F, G, H. Dilutions were distributed in pairs by numbers 3-4, 5-6. 7-

8,9-10,and 11-12.
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4. RESULTS

4.1 Sequence and phylogenetic analyses of newly discovered strains of Puumala

and Dobrava-Belgrade hantaviruses in Central Europe
4.1.1 Screening of small mammals from Central Europe region

A total of 578 small mammals representing three species were collected between
the years 2007 - 2012 in Slovakia, Czech Republic and Germany. Among them, 523
were the Clethrionomys (Myodes) glareolus species (family Muridae, subfamily
Arvicolinae) (408 from Germany: Bavarian Forest- Iggensbach, Elsenthal, Rachel, and
Lackenber, Spessart Forest-Wiesenfeld; 72 from Slovakia: Sastin, Morvasky sv. Jan,
and Kogice-Cermel’; and 43 from Czech Republic: Jeleni vrch, Prachatice, Zichovec,

Krusné hory, Beskydy, Blucina, and TeSetice). (Figure 11).
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Figure 11: Map of trapping areas with PUUV positive voles in Czech Republic (green dots),
Slovakia (violet dots), and Germany (blue dots). In the same area of Slovakia was also trapped a

DOBYV positive A. agrarius individual.
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Fifty five individuals belonged to family Muridae, subfamily Murinae (45 of
Apodemus agrarius and 10 of Apodemus flavicollis). All specimens of the screened
rodents of the genus Apodemus were trapped in three places nearby KoSice (Eastern
Slovakia) - Botanick4 zahrada (Botanic garden), Nizné Kapustniky, Cermel’. Altogether

51 hantavirus PCR-positive bank voles and 1 stripped field mouse were identified.

4.1.2 Sequencing of hantavirus-positive specimens

At first, we identified the exact species of hantaviruses from the RT-PCR-
positive specimens according to partial L segment nucleotide sequences by BLAST.
Then, we focused on obtaining of the maximal possible lenght of both, S and M
segment for further phylogenetic and sequence analyses (Table 5). We created coherent
nucleotide and amino-acid alignments for both- PUUV and DOBV. We made four
separate alignments: for S and M segment of PUUV and DOBV. For L segment, which
represents the fifth one, we fit newly obtained sequences of PUUV and DOBYV together.

After aligning the sequences according to homology, we identified identical
sequences in analyzed fragment. In S segment alignment of PUUV, the sequence
DO 10 018 was identic with DO 10 031, DO 10 051, DO _10 062, DO 10 063,
DO 10 077, DO _10 092, DO 100, DO _10 139, DO_10 _156. Then, the sequence
T2 10 006 was identical with T2 10 007, T2 10 013, T2 10 039, T2 10 041,
T2 10 043, T2 10 046, T2 10 048, T2 10 049, T2 10 052, T2 10 060,
T2 10 063, T2 10 080, T2 10 086, T2 10 087, T4 10 012, T4 10 019,
T4 10 022, T4 10 030, T4 10 041, T4 10 049, T4 10 053, T4 10 057,
T4 10 080, T4 10 081, T4 10 179. The sequence AHW26 was identical with AHW4
and AHW40.
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Table 5: List of newly obtained sequences of PUUV from Germany.

Analyzed segment/lenght [nt]

Protocol number Host Locality Region L S M
DO _10 008 C. glareolus Iggensbach - - 576
DO 10 018 C. glareolus Elsenthal - 501 576
DO 10 024 C. glareolus Elsenthal - - 576
DO 10 031 C. glareolus Elsenthal - 501 576
DO _10 036 C. glareolus Elsenthal Bavarian - 501 576
DO 10 051 C. glareolus Elsenthal Forest - 501 576
DO _10 062 C. glareolus Elsenthal (DEU) - 501 576
DO 10 063 C. glareolus Elsenthal - 501 576
DO _10 077 C. glareolus Elsenthal - 501 576
DO 10 092 C. glareolus Elsenthal - 501 576
DO _10_100 C. glareolus Elsenthal - 501 576
DO 10 139 C. glareolus Elsenthal - 501 576
DO 10 156 C. glareolus Elsenthal - 501 576
T2 10 006 C. glareolus Rachel - 501 576
T2 10 007 C. glareolus Rachel - 501 576
T2 10 013 C. glareolus Rachel - 501 576
T2 10 039 C. glareolus Rachel - 501 576
T2 10 041 C. glareolus Rachel - 501 576
T2 10 043 C. glareolus Rachel - 501 576
T2 10 046 C. glareolus Rachel - 501 576
T2 10 048 C. glareolus Rachel Bavarian - 501 576
T2 10 049 C. glareolus Rachel Forest - 501 576
T2 10 052 C. glareolus Rachel (DEU) - 501 576
T2 10 060 C. glareolus Rachel - 501 -
T2 10 063 C. glareolus Rachel - 501 576
T2 10 076 C. glareolus Rachel - 501 576
T2 10 080 C. glareolus Rachel - 501 576
T2 10 086 C. glareolus Rachel - 501 576
T2 10 087 C. glareolus Rachel - 501 576
T2 10 103 C. glareolus Rachel - - 576
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Table 5: continuation List of newly obtained sequences of PUUV from Germany.

Analyzed segment/lenght [nt]

Protocol number Host Locality Region L S M
T4 10 _006 C. glareolus ~ Lackenberg - 501 576
T4 10 012 C. glareolus  Lackenberg - 501 576
T4 10 014 C. glareolus  Lackenberg - 501 576
T4 10 016 C. glareolus  Lackenberg - - 576
T4 10 019 C. glareolus  Lackenberg - 501 576
T4 10 020 C. glareolus  Lackenberg - 501 576
T4 10 022 C. glareolus  Lackenberg - 501 576
T4 10 026 C. glareolus  Lackenberg - 501 576
T4 10 030 C. glareolus  Lackenberg - 501 576
T4 10 032 C. glareolus ~ Lackenberg - 501 576
T4 10 041 C. glareolus  Lackenberg Bavarian - 501 576
T4 10 043 C. glareolus ~ Lackenberg Forest - - 576
T4 10 044 C. glareolus ~ Lackenberg (DEU) - 501 576
T4 10 049 C. glareolus ~ Lackenberg - 501 576
T4 10 053 C. glareolus ~ Lackenberg - 501 576
T4 10 057 C. glareolus  Lackenberg - 501 576
T4 10 080 C. glareolus ~ Lackenberg - 501 576
T4 10 081 C. glareolus ~ Lackenberg - 501 576
T4 10 087 C. glareolus ~ Lackenberg - 501 576
T4 10 118 C. glareolus ~ Lackenberg - 501 576
T4 10 127 C. glareolus ~ Lackenberg - 501 576
T4 10 _156 C. glareolus  Lackenberg - - 576
T4 10 179 C. glareolus  Lackenberg - - -

T4 10 203 C. glareolus  Lackenberg - - 576
AHW26 C. glareolus Wiesenfeld - 501 -

AHW4 C. glareolus Wiesenfeld Spessart - 501 -

AHW6 C. glareolus Wiesenfeld Forest - 501 -

AHW40 C. glareolus Wiesenfeld (DEU) - 501 -

AHWI0 C. glareolus Wiesenfeld - 501 -

Among the sequences of PUUV M segment alignment, we found a couple of

identic sequences in analyzed fragment. The sequence DO 10 018 was identical with
DO _10 031, DO 10 036, DO _10 51, DO _10 62, DO 10 63, DO 10 77, DO 10 92,
DO 10 100, DO 10 139, DO 10 156 and T2 10 006 was identical with T2 10 007,

T2 10 039,

T2 10 041,

T2 10 043,

T2 10 052,

T2 10 080,

T2 10 086,

T4 10 016, T4 10 053, T4 10 057, T4 10 118, T4 10 _156. We eliminated all the

mentioned identic sequences from the alignments for next analyses.
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Table 5: continuation List of newly obtained sequences of PUUV from Slovakia and Czech
Republic and of DOBV from Slovakia.

Analyzed segment/lenght [nt]

Protocol number Host Locality Region L S M
CZ282/Cg C. glareolus Zichovec 226 501 576
CZ286/Cg C. glareolus Zichovec 226 501 576
CZ288/Cg C. glareolus Zichovec Bohmerwald 226 501 576
CZ287/Cg C. glareolus Jeleni vrch (CZE) 226 501 576
CZ6/Cg C. glareolus Prachatice 226 501 576
CZ7/Cg C. glareolus Prachatice 226 501 576
SVK129/Cg C. glareolus  Kogice-Cermel East 226 501 576
SVK132/Cg C. glareolus  Kogice-Cermel'  Slovakia 226 501 576
SVK780/Cg C. glareolus  Kogice-Cermel (SVK) 226 501 576
SVK769/Aa A. agrarius  Kogice-Cermel 226 519 456
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4.1.3 Selecting the Best-Fit model of nucleotide substitutions

The best-fit model of nucleotide substitutions was calculated from these
following models: General Time Reversible, Hasegawa-Kishino-Yano, Tamura-Nei,
Tamura 3-parameter, Kimura 2-parameter, and Jukes-Cantor. For each model was also
calculated additive parameter “Gamma distribution”, which assumed that the positions
within the alignment could have been evolved by the different speed of evolution (Table
8).

Table 8: Results of model test according to Bayesian Information Criterion (BIC) performed in
MEGA?7. The best substitution models are those with the lowest values of BIC (highlighted in
bold font).

PUU/DOB PUUV PUUV DOBV DOBV
L seg. S seg. M seg. S seg. M seg.
Model BIC BIC BIC BIC BIC
T92+G+I 16951,30 38268,98 17342,48 26343,96 15876,67
T92+G 16958,77 38284,34 17364,86 26350,48 15899,40
GTR+GHI 16988,82 38225,07 17388,90 26367,47 15920,62
GTR+G 16997,48 38276,72 17404,65 26386,05 15937,23

TN93+G+I 16998,48 38297,86 17341,77 26354,94 15899,14
HKY+G+I 17021,31 38331,81 17383,47 26389,44 15900,30

HKY+G 17023,71 38355,71 17405,41 26396,49 15924,25
TN93+G 17034,46 38308,15 17384,22 26364,21 15913,72
K2+G+I 17176,20 38473,31 17611,13 26389,24 16022,36
K2+G 17190,02 38517,06 17645,87 2639791 16050,21
GTR+I 17887,59 40579,95 17851,36 27131,29 16318,49
K2+I1 17898,11 40779,30 18027,80 27186,57 16386,75
T92+1 17915,04 40573,54 17875,67 27148,65 16268,10
TN93+I 17932,85 40575,77 17903,50 27158,18 16313,27
HKY+I 18013,37 40677,54 17915,74 27199,99 16291,55
JC+GHI 18063,95 41435,69 18639,10 28256,21 17375,37
IC+G 18073,71 41465,09 18642,16 28270,37 17407,97
JC+HI 18700,85 43514,16 18957,98 28900,91 17643,49
GTR 18946,35 43965,82 19801,99 29096,59 17840,50
TN93 18955,75 43980,27 19859,35 29090,79 17851,34
T92 18964,07 43960,92 19851,46 29085,50 17838,67
K2 18977,74 44126,09 19875,08 29121,42 17900,14
HKY 19038,92 44136,96 19902,92 29146,03 17866,11
JC 19738,69 46765,04 20736,81 30740,68 19061,85

Model name abbreviations: GTR: General Time Reversible; HKY: Hasegawa-Kishino-Yano; TN93:
Tamura-Nei; T92: Tamura 3-parameter; K2: Kimura 2-parameter; JC: Jukes-Cantor; +G: Gamma
dsitribution; +I: Invariable sites.
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Then, for each possible model was also calculated another more complex model
“Invariable sites”, which assumed that some positions within the alignment were not
changed during the evolution at all. Models resulted with the lowest values of BIC score
were considered as the best. All model tests were performed in MEGA7 (Nei and

Kumar, 2000; Kumar et al., 2016).

4.1.4 Phylogenetic analyses

For the best estimation of phylogeny of newly obtained hantavirus genome
sequences, we used nucleotide alignments for both, PUUV and DOBV for S and M
genome segments separately. The alignment for L segment included PUUV and DOBV
sequences together. As an outgroup for L segment phylogenetic tree, we used sequences
of Arvicolinae- associated hantaviruses (TULV, PHV, ADLV, TATV, Hantavirus
YNO5-7), Murinae- associated hantaviruses (HTNV, SANGV, SEOV), and
Sigmodontinae- associated hantaviruses (ANDV, SNV, LANV) (Figure 12). The
outgroup od PUUV S segment alignment included Sigmodontinae- associated
hantaviruses (HOKV, MUJV, which are considered as PUUV-like viruses), and
Arvicolinae- associated hantaviruses (TOPV, KHAV, VLAV, Fusong v., Yuanijang v.,
Shenyang v.) (Figure 13). The outgroup of PUUV M segment alignment contained the
same species of hantaviruses as the PUUV S segment alignment with Yakeshi v. in
addition, which represents the group of KHAV-like virus (Figure 14). Ingroup of S and
M segment PUUV trees was created from all newly obtained PUUV nucleotide
sequences and all PUUV sequences avalaible online in GenBank which fitted into the
alignment. Both, the S and M segment of DOBV alignments contained four species of
Murinae- associated hantaviruses (SANGV, ANJOV, SEOV, HTNV) as the outgroup
(Figures 15, 16). Ingroup of S and M segment DOBV trees was made of newly obtained
DOBYV nucleotide sequences and DOBV sequences of 4 genotypes: Dobrava, Kurkino,
Sochi, and Saaremaa, avalaible online in GenBank. Full list of used sequences from

GenBank within alignments is available in Appendix 2.
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Figure 12: Maximum Lieklihood (ML) phylogenetic tree showing the phylogenetic position of newly
detected PUUYV strains from Slovakia and Czech Republic and DOBV from Slovakia based on L segment

partial sequences (226 nt) made from 229 sequences. More detailed description is available in Appendix
3.
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Figure 13: Maximum Lieklihood (ML) phylogenetic tree showing the phylogenetic position of newly
detected PUUV strains from Slovakia, Czech Republic and Germany based on S segment partial
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sequences (501 nt) made from 324 sequences. More detailed description is available in Appendix 3.
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Figure 14: Maximum Lieklihood (ML) phylogenetic tree showing the phylogenetic position of newly
detected PUUV strains from Slovakia, Czech Republic and Germany based on M segment partial
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Figure 15: Maximum Lieklihood (ML) phylogenetic tree showing the phylogenetic position of newly
detected DOBV strain from Slovakia based on S segment partial sequences (519 nt) made from 268

sequences. More detailed description is available in Appendix 3.
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Figure 16: Maximum Lieklihood (ML) phylogenetic tree showing the phylogenetic position of newly
detected DOBV strain from Slovakia based on M segment partial sequences (456 nt) made from 127

sequences. More detailed description is available in Appendix 3.
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4.1.5 Sequence analyses of PUUV and DOBYV genome segments

Analyses based on nt and aa sequence identity matrix performed in Bio Edit
support the phylogenetic estimations of our samples. Among PUUV specimens, the
highest similarity has been shown between the czech and german samples, 98.4 — 100 %
nt and 100 % aa of S-segment and 98.2 — 100 % nt and 99.4 — 100 % aa of M-segment.
In contrary, newly obtained slovak sequences showed higher diversity with german
samples from Bavaria, 84.6 - 87.0 % nt and 94.6 - 97.0 % aa of S-segment and 86.8 -
88.0 % nt and 96.3 - 97.9 aa of M-segment. In addition, slovak sequences are less
similiar to the PUUV and PUUV-like sequences from Finland, Sweden, Japan and

South Korea in contrary with czech and german sequences on the nt level (Table 7).

Table 7: Nucleotide (nt) and amino acid (aa) sequence identity analysis of newly obtained
PUUV sequences from Eastern Slovakia (SVK), Sumava- Czech Republic (CZE) and Bavaria-
Germany (DEU), Numbers express the range of percentual identity between the vertical
columns and horizontal rows. Lenght of analyzed sequences: S-segment:501 nt, 167 aa; M-

segment: 576 nt, 192 aa.

SVK CZE DEU
nt aa nt aa nt aa
< SVK 99.8 - 100 99.4 - 100 86.0 - 86.4 96.4-97.0 84.6 - 87 94.6 - 97.0
% CZE 86.0 - 86.4 96.4 -97.0 98.4-100 100 954-98.2 97.0-100
?gn DEU 84.6 -87.0 94.6 -97.0 95.4-98.2 97.0 - 100 95.4-100 95.8-100
Y2 Others*  81.8-82.0 92.2-96.4 76.4 - 81.2 94.0-97.0 76.2-81.8 92.2-97.0
= SVK 99.6 - 100 99.4 - 100 87.5 - 88.0 96.8-979 86.8-88.0 963-979
ia; CZE 87.5-88.0 96.8-97.9 98.2-100 99.4-100 96.8-98.4 984-100
2 DEU 86.8 - 88.0 96.3-97.9 96.8 -98.4 98.4-100 96.1 - 100 98.4-100
= Others*  77.2-824 92.1-95.3 76.3 - 84.0 92.1-963 76.5-843 91.1-96.3

Others*(strains available in Gen Bank: PUUV/Sotkamo 2009/FIN; PUUV/Umea/hu, SWE;
HOKV/Kitahiyama 123, JPN; MUJV/11-5/KOR).

Sequence identity matrix analysis of DOBV/22769/Aa was performed in
comparison with two strains of Dobrava genotype: Slo/Af-BER from Slovenia and
400Af/98 from Eastern Slovakia, then with Kurkino genotype: Lip2/hu (Russia),
Saaremaa genotype: 160V (Russia), and Sochi genotype: Ap1584 (Russia). SANGV-
SA14 was chosen as the most closest outgroup of DOBV and HTNV-ROKA14-11 as

the most distanced outgroup used for phylogenetic analyses (Table 8).
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Table 8: Nucleotide (nt) and amino acid (aa) sequence identity analysis of newly obtained DOBV sequences (strain:
DOBV/SVK769/Aa) of S and M segment in comparison with representants of four basic genotypes within the DOBV
(Dobrava, Kurkino, Saaremaa, and Sochi). Numbers oxvamm the B:mo of @Qoosﬁcm_ _ao::Q between the vertical

columns and horizontal rows. [enght of analvz

SVK769/Aa Lip2/hu 400A£/98 Slo/Af-BER SAAV/160V Apl1584 SANGV HTNV
nt aa nt aa nt aa nt aa nt aa nt aa nt aa nt aa
SVK769/Aa 100 100 883 923 86 91.1 85 90.5 84.8 88.2 84.8 882 75.1 76.6 72.1 69.3
Lip2/hu 88.3 923 100 100 86 88.8 86.8 88.8 86.4 863 854 864 77.5 777 7T1.7 68.7
- 400Af/98 8 91.1 8 888 100 100 96.5 97 87.4 90.5 91.2 935 78.7176.6 70 67.6
m Slo/Af-BER 85 90.5 86.8 88.8 96.5 97 100 100 874 594 912 929 78.6 76.6 69.8 65.8
ch>><:mo< 84.8 88.2 86.4 863 87.4 905 874 894 100 100 854 869 765 777 71.9 67
s Ap1584 84.8 88.2 854 86.4 91.2 935 91.2 929 854 869 100 100 77.3 77.7 69.6 68
SANGV 75.1 76.6 775 77.7 781 76.6 78.6 76.6 765 77.7 773 77.77 100 100 69.4 68.7
HTNV 72.1 693 7177 68.7 70 67.6 69.8 658 719 67 69.6 68 694 68.7 100 100
SVK769/Aa 100 100 879 98 826 96 81.7 96 87 98.6 789 933 725 84.1 712 794
Lip2/hu 879 98 100 100 833 96 83.7 96 8.7 98 813 92 719 834 73 788
. 400A1/98 82.6 96 833 96 100 100 94.7 100 &81.5 973 81.1 953 732 854 71.2 80.1
m Slo/Af-BER 81.7 96 83.7 96 947 100 100 100 81.1 97.3 80.7 953 72.5 854 71.7 80.1
ch>><\_mo< 87 986 857 98 81.5 973 8l.1 973 100 100 79.1 94 732 847 71 788
> Ap1584 789 933 813 92 81.1 953 80.7 953 79.1 94 100 100 71.7 834 71 80.1
SANGV 72.5 84.1 719 834 732 854 725 854 732 84.7 71.7 834 100 100 69.7 79.4
HTNV 712 794 73 78.8 71.2 80.1 71.7 80.1 71 78.8 71 80.1 69.7 79.4 100 100

Dobrava: Slo/Af-BER (Slovenia); Dobrava: 400Af/98 (Slovakia);
Apl1584; HTNV: ROKA14-11; SANGV: SA14.

B

Kurkino: Lip2/hu (Russia)

>

Saaremaa: 160/V (Russia);

>

Sochi:
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Our newly obtained specimen of DOBV (22769/Aa) was mostly similar with
Kurkino genotype, strain Lip2/hu in both, S and M segment comparisons (88.3 % nt and
92.3 % aa of S-segment and 87.9 % nt and 98 % aa of M-segment). As the second most
similar was Dobrava genotype, strain 400Af/98 from Eastern Slovakia (86 % nt and
91.1 % aa) in S segment, but in M segment the second mostly similar was Saaremaa
genotype, strain 160V (87 % nt and 98.6% aa). SANGYV, strain SA14, as the closest
outgroup of DOBYV resulted with higher sequence similarity (75.1 % nt and 76.6% in aa
in S segment, and 72.5 % nt and 84.1 % in M segment) than HTNV, strain ROKA14-11
(72.1 % nt and 69.3 % aa in S segment, and 71.2 % nt and 79.4 % in M segment).
Obviously, the percentage results of identity matrix analyses correspond to the length of
branches and the topology of phylogenetic trees. It is notable, that the molecular
evolution of S and M segment was not parallel, even though we analysed only partial
segments. The analyses of both, PUUV and DOBYV, S and M sequences suggest, that
there is a higher probability for a reassortment in M segment than in S segment due to

significantly higher percentual differences in M segment sequences.

4.1.6 Virus isolation attempts

RT-PCR-positive lung tissue samples from wild bank voles trapped in East
Slovakia (Cat. No.: PUUV/SVK129/Cg, PUUV/SVK132/Cg, PUUV/SVK780/Cg) were
seeded onto VERO E6 cell cultures for the isloation of infectious PUUV. After 4
passages (8 weeks), we extracted the RNA from cell cultures and media of all passages
with TRIzol® Reagent (Thermo Fisher Scientific, MA, USA), and screened by RT-PCR
assay (Klempa et al., 2006).

Based on the RT-PCR screening, beacuse of that all the cell passages (cells and
media) were hantavirus-negative, we did not continue with immunofluorescence assay
as we had planned at the start. In conclusion, the virus isolation experiment was
unsuccessfull. PUUV-positive tissue samples of bank voles obtained from the Czech
Republic from bank voles captured in 2007 and 2008 (Cat. No.: PUUV/CZ6/Cg,
PUUV/CZ7/Cg, PUUV/CZ282/Cg, PUUV/CZ286/Cg, PUUV/CZ287/Cg, and
PUUV/288/Cg) were not chosen for the virus isolation experiments due to the lack of

the amount of the infectious tissue samples which were almost all used for the
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molecular biological experiments. In fact, from two of them (Cat. No.:
PUUV/CZ282/Cg, PUUV/CZ286/Cg) we have had only the RNA solution available.
Isolation of hantaviruses is a process taking a long time and it is only rarely
successful. For example, when DOBV strain “Slo/Af” was isolated, only one out of 13
isolation experiments finished successfully (Avsic-Zupanc et al., 1992). We assume that
a possible reason of the failure could been also a too long time taken to store our tissue
samples (since 2012) and the fact, that they have been melted and freezed again several
times for the reason of molecular biologic experiments to obtain genome sequences
data. Even though the infectiousness could have been lost, the virus genome fragments

were still detectable for molecular analyses.

4.2 Bacteriophage MS2 as an internal control in duplex RT-PCR assay for the

screening of hantaviruses

We used a part of original protocol of duplex RT-PCR assay with bacteriophage
MS2 as exogenous IC originally developed for the purpose of targeting hepatitis C virus
RNA in blood donor screening (Dreier et al., 2005). This assay was originally designed
as the PCR assay of only one round of cycles, so we modified it with a novel second
pair of primers annealing on the phage MS2 RNA: "MS2:2781F" and "MS2: 2989R" for
the nested RT-PCR and implemented them into the nested RT-PCR assay also called as
Pan-Hanta-L-PCR assay for the general screening of different species of hantaviruses
(Klempa et al., 2006).

Different concentrations of infectious control solution containing Prospect Hill
virus (PHV) were tested (1 x 10°, 1 x 10% 1 x 10" and 1 FFU/ml). 1 x 10° FFU/ml
resulted as still detectable. More diluted virus inoculums resulted as hantavirus-
negative. As we added 50 pl of the PHV inoculum, the tissue contained 20 virus
particles. Based on our results, obviously the best option for the duplex RT-PCR is the
combination of primers of Pan-Hanta-PCR assay in use as they were originally designed
with primers for the bacteriophage MS2 in the second round of RT-PCR: 2781F/3031R
(semi-nested) or 2781F/2989R (nested) (Figure 17). In conclusion, we demonstrated the
original Pan-Hanta-PCR assay using the bacteriophage MS2 as an internal genomic

control. The results confirm a wide usefulness of the MS2 phage as a non-competitive
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internal control for different assays. Moreover, duplex RT-PCR assy could be a helpful
additional tool in combination with serologic tests, such as IgM/IgG ELISAs in clinical

diagnostics of hantavirus diseases.

a) b) ¢

1000 bp

300 bp

Figure 17: ® MS2: 2781F / MS2: 3031R ” MS2: 2717F / MS2: 2989R © MS2: 2781F / MS2:
2989R. Product size: ¥ 250 bp * 272 bp © 208 bp; Upper band in the all three runs is a product
of primer combination: HANL-F2/HANLR?2, product size: 390 bp; 50 ul of PHV inoculum was
added into the each sample with the titer 1 x 10° FFU/ml; Ladder: GeneRuler 100 bp DNA
Ladder (Thermo Scientific, MA, USA).
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4.3 Screening of biological activity of selected chemical compounds

4.3.1 Antiviral activity of aryl-piperazine derivates

A novel series of seventeen aryl-piperazine derivates were evaluated for their
antiviral activity. All derivates were screened primarily against hantaviruses (PUUV
and SEOV) and Yellow fever virus (YFV), as representatives from the genera
Orthohantavirus (family: Hantaviridae) and Flavivirus (family: Flaviviridae), causing
hemorrhagic fevers. Next, these compounds were evaluated against HIV-1 (family:
Retroviridae), Coxsackie virus B5 (family: Picornaviridae), Vesicular stomatitis virus
(family: Rhabdoviridae) and Vaccinia virus (family: Poxviridae). The rationale of
testing aryl-piperazine derivates against the latter viruses, which are representatives of
families mentioned in parenthesis, was to gain useful information on the importance of
the polarity and/or segmentation of the viral genome for the antiviral activity of the
inhibitors.

The 6-azauridine (AzUR, 6-aza), which was used as a title compound besides of
Ribavirin for the antiviral evaluation of hantaviruses, showed approximately two times
lower concentration needed for 50% inhibition of the replication of both, PUUV and
SEOV (6-aza: ECso=5 uM; RBV: ECso= 21 uM). Interestingly, 6-aza as an inhibitor of
hantavirus replication, has not been yet published. Among the aryl-piperazine derivates,
none of them showed activity against hantaviruses while some of them resulted as
cytotoxic against VERO E6 (CCsp = 10 - 20 uM) (Tables 9, 10). The experiments on
hantaviruses were perfomed by focus-reduction assay visualized by chemiluminescence.

The antiviral activity of aryl-piperazine derivates against both, Yellow fever
virus (YFV) cultivated on BHK-21 cells and Human immunodeficiency virus (HIV-1)
on MT-4 cells, was evaluated by MTT test. In both cases, no antiviral activity was
observed. The Efavirenz, which was used as a title inhibitor of HIV-1, although showed
moderate cytotoxicity against MT-4 cells (CCso= 38 uM), confirmed its highly selective
activity against HIV-1 (ECso = 0.0026 uM). The 2’-B-methylguanosine (2’-C-ME-Guo,
NM 108) was used as a title compound for YFV. Against BHK-21 cells, we observed
no cytotoxicity (CCsp >100 uM), and inhibitory effect on YFV in the low micromolar
concentrations (ECso = 1.87 uM). None of the aryl-piperazines derivates inhibited the
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replication of YFV and twelve of them resulted cytotoxic against BHK-21 (Tables 9,
10).

Some of the aryl-piperazine derivates (2CI13C2, 2CI13C6, 2CI3C10, 2Cl4C5,
2Cl4Ce6, 2Cl14C7, 2Cl14C8, 2Cl14C12) significantly showed an antiviral activity against
the Coxsackie virus BS (CVB-5). The ECsy was determined by the plaque reduction
assay (ECsg range = 4.4-18 uM). The ECs of the title compound Pleconaril was 0.005
uM and it showed no cytotoxicity against the VERO76 cells (CCs;>100 uM) (Table 16
and 17). Plaque reduction assay was used also for Vaccinia virus (VV) and Vesicular
stomatitis virus (VSV) vultivated on VERO76. Against the Vaccinia virus, none of the
aryl-piperazine derivates were active while the title compound Mycophenolic acid
showed a significant inhibition with ECso = 2 uM. No antiviral activity was shown
against the VSV as well.

Structure-activity relationship (SAR) studies indicate that the structure and
conformation of the terminal aryl- (or phenyl-) group and the lenght of the linear
hydrocarbon chain binding the aryl-piperazine group could be responsible for the
antiviral effect of the aryl-piperazine derivates. There were two forms of linear
hydrocarbon chain present: propyl- group 2 (3 carbons) or butyl- group 3 (4 carbons).

The compound 2CI13C2 showed an antiviral activity against CVB-5 with ECsy =
= 18 uM. Most likely, the presence and conformation of the chlorine within the phenyl
group (4-chlorophenyl- group, 2b) played a role in its antiviral activity. On the other
hands, the absence of antiviral activity of the compound 2CI3C13 which contained the
same molecule (i.e. 4-chlorophenyl piperazine), suggests that the lost of activity might
be caused by the presence of one more molecule of the cyclic hydrocarbon chain bound
(4-chlorophenyl-phenyl-methyl-piperazine, 21).

The 2CI3C5 showed the ECsp = 18 uM, but associated with high cytotoxicity
(CCsp = 30 uM) against VERO 76 host cells. Interestingly, the similar chemical
compound 2CI4C5, which differs only by one atom of carbon more in its linear
hydrocarbon chain binding the whole aryl-piperazine group, 3e (a butyl- group, 3e,
instead of a propyl- group, 2e, as in 2CI3C5), showed a significant antiviral effect
against CVB-5 (ECsp = 15.8 uM) but no cytotoxicity (CCsy >100 uM). On the contrary,
compounds 2CI3C6 and 2Cl4C6, which differ one another for a propyl- and butyl-
group, respectively (2f, 3f), showed anti- CVB-5 activity (ECso = 16 and 4.4 uM,
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respectively) associated to none to a low cytotoxic effect (CCsy >100 and = 50 uM,
respectively). According to these results, it is assumable that the presence of pyridine-
2yl group (f) instead of the pyrazin-2-yl group (e) within the aryl-piperazine group is
also important, than only the presence of butyl-group hydrocarbon linear chain 2
binding the aryl-piperazine group to the rest of the molecule.

According to the results of 2CI3C10, we can assume that there could be some
importance in antiviral activity against CVB-5, when on the terminal aryl- group of the
molecule is bound an atom from the group of halogens on the 4™ carbon (4-
fluorophenyl, 2j) of the molecule. This is supported by the results with the 2CI3C2
compound, which has exactly the same structure and conformation as 2CI3C10 with the
only difference being the substitution of the 4-fluorophenyl group (2j) with a 4-
chlorophenyl group (2b). It is important to note, that both 2CI3C2 and 2CI3C10 have
the aryl-piperazine group bound to only the 3-hydrocarbon linear chain (propyl-group,
2). Interestingly, the 2C14C10 with the same 4-fluorophenyl group, which differs in its
linear carbon chain prolonged only by one atom of the carbon (butyl-group, 3), resulted
as inactive.

The 2C14C7 showed a moderate although selective antiviral activity (ECso= 10.5
uM vs. CCsp = 50 pM). In this case, the conformation of two nitrogens bound within the
phenyl-group (pyrimidin-2-yl, 3g) could be mainly responsible for the activity. On the
other hands, the very similar derivate 2CI4C5, which differs for a different
conformation of the terminal phenyl-group (pyrazin-2yl, 3e), showed better activity (see
above).

Compounds 2CI3C8 and 2Cl4C8 represent two examples of simple aryl-
piperazine derivates in which the terminal phenyl-group is represented only by the
cyclic hydrocarbon chain without a substitution by any other atom. The only difference
between 2C13C8 and 2CI4CS8 reside in their linear hydrocarbon chain binding the aryl-
piperazine group (propyl-, 2 and butyl- 3 group, respectively). In this case, 2CI14C8
showed a promising antiviral acitivity (ECso = 11.8 uM) with no notable cytotoxicity
(CCsp>100 pM).

It seems that 2-etoxyphenyl group might be also a notable difference when
bound in aryl-piperazine derivates, as it showed the activity with the 2C14C12 (3k)
(ECsp=12.5 uM).
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Table 9: Cytotoxicity and antiviral activity of aryl-piperazine derivates and reference compounds against representatives of
ssRNA" (HIV-1, YFV, CBV-5), ssRNA" (VSV, SEOV, PUUV) and dsDNA (VV) viruses.

MT-4 HIV-1 BHK YFV | VERO76 CVB-5 VSV VV  |VERO-E6 SEOV  PUUV
Compound _ .

*CCsy  "ECsp | ‘CCsxp  ‘ECso | “CCsp  'ECs  ®*ECsy  "ECs | 'CCs  'ECsy  "ECso
2CI3C1 14 >14 11.86 >11.86 >100 >100 >100 >100 20 >20 >20
2C13C2 16 >16 14.64 >14.64 >100 18 >100 >100 15 >15 >15
2CI3C3 >100 >100 >100 >100 >100 53 >100 >100 >30 >30 >30
2CI3C5 18 >18 359 >35.9 30 18 >30 >30 20 >20 >20
2C13C6 >100 >100 >100 >100 >100 16 >100 >100 >30 >30 >30
2CI3C8 >100 >100 >100 >100 >100 41 >100 >100 >30 >30 >30
2CI13C9 >100 >100 >100 >100 >100 >100 >100 >100 >30 >30 >30
2CI3C10 16 >16 13.48 >13.48 50 16.5 >50 >50 15 >15 >15
2CI3C13 14 >14 13,37 >13.37 >100 >100 >100 >100 10 >10 >10
Ribavirin >100 21 21
Efavirenz 38 0,0026
Pleconaril >100 0.005

2'-C-Me-Guo >100 1,87
6-Azauridine >100 5 5
Mycophen. Ac. >100 2

* Compd concn (uM) required to reduce by 50% the proliferation of mock-infected MT-4 cells, as determined by the MTT at 4™ day;

® Compd concn (uM) required to achieve 50% protection of MT-4 cells from HIV-1-induced cytopathogenicity, as determined by the
MTT at 4™ dpi.; © Compd concn (uM) required to reduce by 50% the viability of mock-infected BHK cells, as determined by the MTT at
3" day; ¢ Compd concn (uM) required to achieve 50% protection of BHK cells from YFV@- induced cytopathogenicity, as determined
by the MTT at 3™ dpi.; ¢ Compd concn (uM) required to reduce by 50% the viability of mock-infected Vero-76 cells, as determined by
the MTT at 3rd/5™ day; ™ Compd concn (uM) required to reduce by 50% the plaque number of CVB-5©, VSV® vV® in Vero-76 cells
at 3 dpi.; ' Compd concn (uM) capable to compromise the integrity of Vero E6 monolayers, as determined by visual examination at 7"
day.; I Compd concn (uM) required to reduce by 50% the number of SEOV foci in Vero E6 cells at 7 dpi.; k Compd concn (uM)
required to reduce by 50% the number of PUUV foci in Vero E6 cells at 14™ dpi.
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Table 10: Cytotoxicity and antiviral activity of aryl-piperazine derivates and reference compounds against representatives of
ssRNA" (HIV-1, YFV, CBV-5), ssRNA" (VSV, SEOV, PUUV) and dsDNA (VV) viruses.

Compound MT-4 H“E/\L BHK ”Du< VERO76 m<w-m VSV \'AY% <MWO-mm w.mO< PUUV
*CCso ECsp | “CCso ECsp | “CCs ECs,  ®ECsxy,  "ECsx, | 'CCsp  JECs,  “ECs

2Cl4C1 13 >13 7.35 >7.35 >100 >100 >100 >100 10 >10 >10
2Cl4C4 >100 >100 >100 >100 >100 >100 >100 >100 >30 >30 >30
2Cl4C5 30 >30 36.62 >36.62 >100 15.8 >100 >100 >30 >30 >30
2Cl4Co 15 >15 8.94 >8.94 50 4.4 >50 >50 20 >20 >20
2Cl14c7 18 >18 21 >21 50 10.5 >50 >50 20 >20 >20
2Cl4C8 14 >14 8.58 >8.58 >100 11.8 >100 >100 20 >20 >20
2Cl14C10 14 >14 9.76 >9.76 >100 >100 >100 >100 20 >20 >20
2Cl4C12 12 >12 8.14 >8.14 50 12.5 >50 >50 10 >10 >10
Ribavirin >100 21 21
Efavirenz 38 0,0026
Pleconaril >100 0,005

2'-C-Me-Guo >100 1,87

6-Aza-Uridine >100 5 5

Mycoplen. Ac. >100 2

* Compd concn (uM) required to reduce by 50% the proliferation of mock-infected MT-4 cells, as determined by the MTT at 4™ day;

® Compd concn (uM) required to achieve 50% protection of MT-4 cells from HIV-1-induced cytopathogenicity, as determined by the
MTT at 4™ dpi.; © Compd concn (uM) required to reduce by 50% the viability of mock-infected BHK cells, as determined by the MTT at
3" day; ¢ Compd concn (uM) required to achieve 50% protection of BHK cells from YFV@- induced cytopathogenicity, as determined
by the MTT at 3™ dpi.;  Compd concn (uM) required to reduce by 50% the viability of mock-infected Vero-76 cells, as determined by
the MTT at 3rd/5™ day; ™ Compd concn (uM) required to reduce by 50% the plaque number of CVB-5©, VSV® vV® in Vero-76 cells
at 3™ dpi.; ' Compd concn (uM) capable to compromise the integrity of Vero E6 monolayers, as determined by visual examination at 7
day.; ! Compd concn (uM) required to reduce by 50% the number of SEOV foci in Vero E6 cells at 7™ dpi.; k Compd concn (uM)
required to reduce by 50% the number of PUUV foci in Vero E6 cells at 14™ dpi.
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4.3.2 Anti-cancer activity of aryl-piperazine derivates

As reported above, a number of the aryl-piperazine derivates resulted cytotoxic
against BHK-21 cells (CCsy range = 7.35 — 36.62 uM). Those endowed with the highest
cytotoxicity (CCsp < 10 uM) i.e. compounds 2CI4C1, 2Cl14C6, 2Cl14C8, 2Cl4C10, and
2Cl4C12, were selected for evaluating their antiproliferative activity against human
cancer cell lines; in particular cervix (HeLa), skin (SK-MEL-28), lung (SK-MES-1),
prostate (DU145), peripheral blood (CCRF-CEM, CCRF-SB), and spleen (WIL-2NS).
CRL-7065 cells derived from foreskin of newborn were used as a non-tumoral cell
control. All cytotoxicity screening of test compounds against tumoral and non-tumoral
cell lines were performed by MTT-test.

Two compounds, 2Cl4C8 and 2C14C10, showed a good antiproliferative activity
against HeLa, SK-MEL-28, SK-MES-1, CCRF-CEF, CCRF-SB, and WIL-2NS cells
(CCsp range = 7.65 -15.5 uM), with no notable cytotoxicity against non-tumoral cell
control CRL-7065 (CCsy > 100 uM). Other compounds, 2C14C1, 2C14C6, and 2C14C12,
did not show selectivity for cancer cells as they showed comparable cytotoxicity
against CRL-7065, too (CCsp =39.37 — 54.19 uM).

It is interesting to note that the derivate 2Cl4C8, which resulted as one of the
most potent against CVB-5, resulted also highly cytotoxic against the mentioned cancer
cells. Obviously, the butyl-group in combination with the simple terminal phenyl-group,
without substitutions within the aryl-piperazine derivate (3h), is a structure with
promising biological activities. On the other hands, 2C14C10 resulted also a promising
chemical of the class, as it inhibited the proliferation of tumoral cells. In this case, the
butyl-group with the terminal 4-fluorophenyl group of the molecule (3j) could likely
play a role.

Vincristine was used as a title compound for all tumoral cells. Vincristine was
previously reported effective against different types of tumoral cells (Lengsfeld et al.,
1981; Couter and Beck, 1984). In my hands, it resulted more potent against human
leukemia derived cell lines CCRF-CEM, CCRF-SB, and WIL-2NS (CCsy = 0.69 — 8.43
uM) (Table 11).
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Table 11: Antiproliferative activity od aryl-piperazine derivates and reference compound against
representatives of tumoral cell cultures (HeLa, SK-MEL-28,, SK-MES-1, DU 145, CCRF-CEM, CCRF-

SB. WIL-2NS) and non-tumoral control cells (CRL-7065).
Hela SK-MEL-28 SK-MES-1 DU145 CCRF-CEM CCRF-SB WIL-2NS CRL-7065
Compound ]
*CCso *CCso CCso 1CCso CCso 'CCso CCso "CCso
2Cl4C1 7,9 13,49 6,5 >100 5,88 8,93 6,72 54,19
2Cl4C6 10,4 12 6,3 38,14 7,38 8,49 7,66 44,86
2Cl4C8 10 15,1 8,89 95,7 8,47 10,57 7,65 >100
2Cl4C10 12,67 15,5 9,2 >100 10,57 11,6 7,82 >100
2Cl4C12 11,8 11,2 5,57 68,54 5,04 5,46 7,58 39,37
Vincristine 19,89 36,987 >100 15,64 0,69 1,888 8,43 >100
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(a-h) Compd concn (uM) required to reduce by 50% the proliferation of “HeLa cells, bSK-MEL-28 cells, cSK-MES-1 cells,
DU 145, eCCRF-CEM, fCCRF-SB cells, gWIL-2NS cells and hCRL-7065 cells as determined by the MTT method at day 3

following treatment.



5. DISCUSSION

5.1 Occurence of PUUYV in Central Europe

Based on the phylogenetic trees, mainly of S and M segment of PUUV, the
newly obtained PUUV-positive specimens from Sumava National Park (Bshmerwald),
Czech Republic, are most closely related to the strains from neighbouring Bavarian
Forest National Park (BFNP) (100% boostrapping support). Unfortunately, due to a lack
of L segment sequence data from bank voles collected in the BFNP, is difficult to
confirm the other evolutionary links across all genome segments.

The clustering of L segment tree is statistically poorly supported, which could be
most likely caused by the insufficient lenght of the L segment alignment (226 nt). In the
S and M segment trees, they are obviously at the origin of the currently circulating
Finnish PUUV lineages. The L segment topologies could indicate a reassortment event,
but it cannot state it as a conclusion without dubiousness such as it is based on the short-
length L segment alignment.

The S segment sequences of the newly identified Slovak strains form a
statistically well supported sister clade of the PUUV strains which are circulating
among bank voles in Belgium, France, and regions in north-western Germany. But the
topology of the M segment alignment is quite different and may refer about the
reassortment event or, as only the partial sequences were analyzed, a homolougous
recombination, too. Particularly in the M segment, the Slovak strains are clustered in the
same clade as the strains from Czech Republic and the BFNP, and then are more closely
related to those from France and north-western Germany. The reassortment scenario is
inferred more likely such as homologous recombination in hantavirus genome which
has been also previously reported (Sibold et al., 1999; Klempa et al., 2003; Nicolic et
al.,2014).

Obviously, reassortment seems to be a more widely occurring event among
hantaviruses (Henderson et al., 1995; Li et al., 1995; Klempa et al., 2003), PUUV
including (Razzauti et al., 2008; Razzauti et al., 2009; Razzauti et al., 2013) what is in
contrary to that what had been thought when the rules of the hantavirus species

demarcation were established (Plyusnin et al., 2012). The reassortment in hantaviruses
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was demonstrated in vitro as well (Rizvanov et al., 2004; Kirsanovs et al., 2010;
Handke et al., 2010). Interestingly, the indications of reassortment and/or recombination
were previously reported from Eastern Slovakia for Tula virus nad Dobrava-Belgrade
virus, too (Sibold et al., 1999; Klempa et al., 2003). This phenomenon might reflect that
this region has been involved in several end-glacial colonization routes of rodents.
According to the mtDNA analyses, Easten Slovakia represents a contact area of three
phylogeographic clades of bank voles (the Carpathian, the Western and the Eastern)
(Filipi et al., 2015), thus it was a good opportunity for the occurrence of several PUUV

lineages.

5.2 Detection of DOBY in Eastern Slovakia

There had been a lot of dubiousnesses about the classification of DOBV species
until the four genotypes of DOBV (Dobrava, Kurkino, Sochi and Saaremaa) were
described in 2013 and it was declared that Saaremaa virus cannot be more classified as
an independent virus species within the genus Hantavirus (Klempa et al., 2013). The
problem of the first classification of Saaremaa virus was also supported by our study
results.

Phylogenetic analyses, mainly of Sand M segment, of the newly obtained
DOBV-positive specimen from Cermel- district of the town Kogice (Eastern Slovakia)
suggest that the newly obtained specimen of DOBV (SVK/22769/Aa) detected in
striped field mouse (4. agrarius) is most closely related to the strains which have been
previously detected in the same area (Klempa et al., 2004; Klempa et al., 2005). In the
S segment as well as in the M segment tree, our new specimen (SVK/22769/Aa)
obtained from the host 4. agrarius is clustered within the “Kurkino” genotype which
was defined according to the first sequences of the DOBV-Aa lineage found in the
Kurkino region of Russia (Plyusnin et al., 1999) and corresponds to the DOBV-Aa
lineage on the European mainland (Klempa ef al., 2013).

According to our phylogenetic trees, for S segment as well as for M segment, all
the sequences of DOBV obtained from A. agrarius from Slovakia are clustered within
the clade representing the Kurkino serotype. On the other hand, all the Slovak

sequences from the yellow necked mouse (4. flavicollis) are quite distanced in the clade
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of Dobrava serotype. Thus, all the Slovak DOBV lineages were well separated
according to their reservoir host species together with the virus serotypes. On the other
hand, in the S segment tree, there have appeared at least two sequences from Slovenia
from the A4. flavicollis among the sequences from A. agrarius within the Kurkino
genotype clade. Such spill-over infections have been observed also in Croatia
(Plyusnina et al., 2011). The opposite situation, the detection of DOBV-Aa strains in A.
flavicollis could be recently observed in northern Germany (Schlegel et al, 20009,
Popugaeva et al., 2012)

DOBY is considered as one of the most important origin of HFRS in humans in
Europe (Sibold et al., 2001; Klempa et al., 2004). While DOBV-Aa seems to be
dominant in Central Europe, DOBV-Af is mostly occurring serotype of DOBV in
Balkan, even though the geographical range of A. flavicollis is almost over the whole
European continent (Montgomery, 1999).

It is highly interesting to note that the different genotypes of DOBV (DOBV-Aa
and DOBV-AY), even though they are highly genetically similar, they induce the HFRS
disease of different severity. The most severe clinical courses have been reported in SE
Europe, where the major part of human infections are caused by the Dobrava genotype
of DOBV. The case fatality rate (CFR) 10-12 %, which is a rate similar to those
infections caused by HTNV in Asia (Avsic-Zupanc et al., 1999; Papa and Antoniadis,
2001; Vaheri et al., 2013).

5.3 Bacteriophage MS2 as an internal control in duplex RT-PCR assay for the

screening of hantaviruses

Reverse transcription (RT)-PCR assay as a diagnostic tool is widely used in
detection of various RNA viruses from the families Flaviviridae, Bunyaviridae and
Orthomyxoviridae (Romeiro et al., 2016; Klempa et al., 2006; Yanagita et al., 2015).
An advantage of RT-PCRs is a relatively fast detection of the pathogens' genome in
clinical specimens such as blood, saliva or pieces of tissues since the onset of the first
symptoms of illness (Saksida et al., 2008). In general, a limitation of RT-PCRs for
diagnostics is the fact that the test is positive only in the acute phase of disease.

Especially hantavirus infections in humans often reaches low titer and can be missed
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even with the most sensitive PCR methods (Kriiger et al., 2015). Another problem
might be a possible presence of inhibitors of amplification which could be responsible
for false-negative results. Therefore, for avoiding these mistakes was born an idea to use
another template of nucleic acid in the PCR assay which serves as an internal control
(IC). According to recommendations of some authors, IC should be noninfectious, clean
from clinical specimens and genetically stable (Dreier et al., 2005). Dipending on
purposes, IC may be endogenous, as a naturally occuring genomic part within the
analyzed specimen. On the other hand, exogenous IC is added before nucleic acid
extraction and the coamplification is then performed within the same PCR reaction. The
IC ia an important quality control of the procedure and has been described previously in
early PCR experiments (Kim et al., 2002; Hoorfar et al., 2004).

In this study, we utilized a part of the protocol of duplex RT-PCR assay using
bacteriophage MS2 as an exogenous IC originally developed to aim and detect hepatitis
C virus RNA in blood donor screening (Dreier et al., 2005). This assay was originally
designed as the RT-PCR assay of the only one round of cycles, so we modified it by
designing a novel second pair of primers annealing on the first PCR product of the
phage MS2 RNA: "MS2:2781F" and "MS2: 2989R" for the second round of (semi-)
nested PCR cycles (Table). There have been developed a couple of different PCR assays
for hantavirus screening (Klempa et al., 2006; Kramski et al., 2007; Lagerqvist et al.,
2016; Kim et al., 2016). We implemented the series of primers for MS2 phage into the
nested Pan-Hanta-L-PCR assay, which was originally developed to detect and identify
the all species of hantaviruses which are currently known and also those which are not
discovered, yet. A set of degenerated primers (HANL-F1 and HANL-R1 for the first
round of PCR and HANL-F2 and HANL-R2 for the nested PCR) were designed from
an alignment of all available nucleotide sequences of the highly conserved part of L
segment (Klempa et al., 2006). We modified the Pan-Hanta-PCR assay by adding a set
of primers for the bacteriophage MS2 RNA within the same RT-PCR reactions. The
novel set of primers in this study was designed by utilizing Geneious software

(Auckland, New Zealand).
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5.4 Antiviral and antiproliferative activity of aryl-piperazine derivates

In general, chemical compounds of the class of aryl-piperazines, piperazines and
their derivates, are considered as the most potent and broad-spectrum inhibitors of
pathogens (Chaundhary et al., 2006; Singh et al., 2011; Kossakowski et al., 2009;
Bielenica et al, 2011; Ibezim et al., 2012; Cianci et al., 2013; Liu et al., 2012). N-alkyl-
and N-aryl-piperazine derivates were reported to have from low to moderate inhibitory
activity against bacteria from the genera Staphylococcus and Streptococcus, and against
Pseudomonas aeruginosa and Escherichia coli. A strong antifungal potential against a
broad spectrum of fungi from the genus Aspergillus was reported within the same
studies (Chaundhary et al., 2006; Singh et al., 2011). It has been reported that aryl-
piperazine derivates are also potent inhibitors of pathogenic protozoal parasites, such as
Plasmodium falciparum, one of the agents causing malaria (Ibezim et al., 2012).

With respect to antiviral activities, the chemical group of aryl-piperazines
showed a great antiviral potential against a broad spectrum of viruses, (—)ssRNA viruses
including. It has been reported that a group of aryl-piperazine amides moderately inhibit
the nucleoprotein (NP) of influenza A virus (Cianci et al., 2013; Davis et al., 2014).
Interesting results were also brought to light by a study testing a novel piperazine
derivate against HIV-1, which identified the CCR5-mediated fusion process as the
molecular target of the compound (Liu et al., 2012).

Therefore, considering that aryl-piperazine derivates appear to posses a great
biological potential against pathogens in general, and against viruses in particular, we
deemed interesting to investigate their inhibitory potential against two representatives of
hantaviruses, also object of the molecular epidemiology study of this thesis.
Hantaviruses PUUV and SEOV circulating in Europe represent two origins of HFRS
(besides of DOBV) in humans. As far as we know, this study represents the first
investigation of the antiviral activity of this class of chemical compounds against
hantaviruses. Although none of the derivates showed any activity against these viruses,
an interesting activity against Coxsackie virus B type 5 (CVB-5), the etiologic agent of
often serious human infections, have been highlighted. In a previous work
(Kossakowski et al., 2009), other aryl-piperazine derivates were reported to inhibite

type 2 of Coxsackie virus B (CVB-2). It is extremely interesting to underly that the aryl-
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piperazine derivates found active against CVB-2 by the Kossakowski’s group, were
structurally similar to those we found active against CVB-5 in this study, specifically
the phenyl-piperazine group and 4-chlorophenyl piperazine group. Three years later,
another study tested a different set of aryl-piperazine derivates (Bielenica et al., 2011).
Also in this case, the activity of some derivates was confirmed against CVB-2. It is
highly interesting that the active aryl-piperazine derivates contained the phenyl-
piperazine group (h) and 4-fluorophenyl-piperazine group (j), the substitutions which
seemed to be responsible for the biological activity also in this thesis. Thus, we could
state that aryl-piperazine derivates generally have a great potential of antiviral effect
against different serotypes of Coxsackie viruses of the B group.

CVB-5 serotype represents a serious pathogen known mainly as a causative
agent of myocarditis, colds, cardiomyopathy, diabetes, neurological disorders, and
inflammation. CVB-5 infection have caused widespread nationwide epidemics in the
United States, particularly in 1961, 1972, and 1983. A great number of picornavirus
inhibitors have been quite well described in vitro, but only few of them were active also
in vivo; only Arbidol as an antivirotic compound developed in Russia, is available for

the clinical use (Zhong et al., 2009).
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CONCLUSIONS

This study provides the first molecular data on PUUV from Czech Republic and
considerably extends the available PUUV seuquence data from Slovakia and Germany.
Identification of the virus clearly indicates a putative risk for human health in the
Sumava and Eastern Slovakia even though these are currently not considered as
hotspots for human hantavirus infections. The close phylogenetic relationships of the
starins from Sumava, where no PUUV outbreaks are reported, with the strains obtained
during the human PUUV outbreaks in the Bavarian Forrest (Schilling et al., 2007,
Essbauer et al., 2006; Thoma et al., 2014) confirm that more complex ecological and/or
epidemiological factors than simply a presence of the virus itself are required for
a development of outbreak situations (Drewes et al., 2016). Our observations emphasize
the benefits of obtaining sequence information of longer genomic stretches and form all
genome segments. While longer sequences enable to more reliably and precisely
estimate evolutionary relationships and facilitate the detection of clock signal (Biek et
al., 2015), allowing to time-calibrate the more recent period of the PUUV evolutionary
history, having sequence information from all three segments opens new possibilities
for studying the frequency of segment reassortments and its relevance for the PUUV
emergence dynamics.

Our results of phylogenetic analyses highlight the necessity of sequencing all
three hantavirus genome segments and of rodents screening not only in recognized
endemic foci but also in regions with no reported human hantavirus disease cases. In
DOBYV phylogenetic analyses as well as in the case of PUUV, longer nucleotide
sequences, particularly from M and L segment would allow to construct more balanced
datasets for all genomic segments, which could be helpful to understand the complexity

of DOBV lineages evolution better than now.

A set of seventeen aryl-piperazine derivates, novel in their structure and
conformation, were tested for their biological activity against the replication of different
representatives of the major RNA and DNA virus families, including two hantaviruses,

as well as against a wide panel of human cancer derived cell lines.
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Results show that some of these chemical compounds have selective activity
against CVB-5 replication and proliferation of some tumoral cells. Analyses of the
structure-activity relationships (SAR) indicate that aryl-piperazine derivates having a
terminal phenyl-group associated with a linear hydrocarbon butyl-group is the most
potent not only as the CVB-5 inhibitor, but as an inhibitor of different types of tumoral
cells, too. It is important to note that the presence of halogens, such as fluorine and
chlorine, substituting hydrogen within the cyclic hydrocarbon chain on the 4™ carbon on
the terminal phenyl-group, in various combinations of the linear hydrocarbon chain
binding the aryl-piperazine group, emerged as a promising antiviral or/and anticancer
compound worthy of further investigation to determine its mode(s) of action,
characteristic of resistant mutants, and effectiveness in animal models against CVB
infections and tumoral growth.

Even though we identified parts of the molecules which are most likely
responsible for their biological activity, it is not less important to identify the target of
their activity on the observed organism. That would be the next step. The most
commonly practiced approach in this future step is the selection of a resistant mutant. It
starts by adding an active chemical compound in a very low concentration which allows
to grow to non-resistant strains, too. The concentration of active compound is then
gradually increased by the generations of the cells/virus until there is only a resistant
mutant present which had enough time to grow in a sufficient viable colony. Next, a
genome sequence information of the resistant mutant is obtained and compared with
original non-resistant strain (or wild type) and the different DNA/RNA fragment is the

target of acitivity.

100



REFERENCES

1. ABRAHAM, G., PATTNAIK, A. K., Early RNA synthesis in Bunyamwera virus-
infected cells. J. Gen. Virol. 1983, 64, 1277-90.

2. ACUNA, R., CIFUENTES-MU-OZ, N., MARQUEZ, C. L., BULLING, M.,
KLINGSTROM, J., MANCINI, R., LOZACH, P. Y., TISCHLER, N. D. Hantavirus
Gn and Gc Glycoproteins Self-Assemble into Virus-Like Particles. J. Virol. 2014, 88,
2344-2348.

3. ARAL S., SONG, J.-W., SUMIBCAY, L., BENNETT, S. N., NERURKAR, V. R,
PARMENTER, C., COOK, J. A., YATES, T. L., YANAGIHARA, R. Hantavirus in
Northern Short-tailed Shrew, United States. Emerg. Infect. Dis. 2007, 13, 1420-23.

4. ARIKAWA, J., YAO, J. S., YOSHIMATSU, K., TAKASHIMA, 1., HASHIMOTO,
N. Protective role of antigenic sites on the envelope protein of Hantaan virus defined
by monoclonal antibodies. Arch. Virol. 1992, 126, 271-81.

5. AVSIC-ZUPANC T', PETROVEC M, FURLAN P, KAPS R, ELGH
F, LUNDKVIST A. Hemorrhagic fever with renal syndrome in the Dolenjska region
of Slovenia--a 10-year survey. Clin. Infect. Dis. 1999, 28, 860-5.

6. AVSIC-ZUPANC, T., XIAO, S. Y., STOJANOVIC, R., GLIGIC, A., VAN DER
GROEN, G., LEDUC, J. W. Characterization of Dobrava virus: a Hantavirus from
Slovenia, Yugoslavia. J. Med. Virol. 1992, 38, 132-7.

7. BAIZE, S., PANNETIER, D., OESTEREICH, L., RIEGER, T., KOIVOGUI, L.,
MAGASSOUBA, N., SOROPOGUI, B., SOW, M. S., KEITA, S., DE CLERCK, H.,
TIFFANY, A., DOMINGUEZ, G., LOUA, M., TREORE, A., KOLIE, M.,
MALANO, E. R., HELEZE, E., BoCQUIN, A., MELY, S., RAOUL, H., CARO, V.,
CADAR, D., GABRIEL, M., PAHLMANN, M., TAPPE, D., SCHMIDT-
CHASANIT, J., IMPOUMA, B., DIALLO, A. K., FORMENTY, P., VAN HERP,
M., GUNTHER, S. Emergence of Zaire Ebola virus disease in Guinea. N. Engl. J.
Med. 2014, 371, 18-25.

8. BARRIGA, G. P., VILLALON-LETELIER, F., MARQUEZ, C. L., BIGNON, E. A.,
ACUNA, R., ROSS, B. H., MONASTERIO, O., MARDONES, G. A., VIDAL, S. E.,
TISCHLER, N. D. Inhibition of the Hantavirus Fusion Process by Predicted Domain

101



IIT and Stem Peptides from Glycoprotein Ge. PLoS Negl. Trop. Dis. 2016, 10,
€0004799.

9. BERTOLI, G., MANNAZZU, M., MADEDDU, G., ARE, R., MUREDDA, A.,
BABUDIERI S., CALIA, G., LOVIGU, C., MAIDA, 1., CONTINI, L., MISCALI,
A., RUBINO, S., DELOGU, F., MURA, M. S. Ebola virus disease: Case
management in the Institute of Infectious Diseases, University Hospital of Sassari,
Sardinia, Italy. J. Infect. Dev. Ctries. 2016, 10, 537-43.

10.  BHATT, S., GETHING, P. W., BRADY, O. J., MESSINA, J. P., FARLOW, A.
W., MOYES, C. L., DRAKE, J. M., BROWNSTEIN, J. S., HOEN, A. G,
SANKOH, O., MYERS, M. F., GEORGE, D. B., JAENISCH, T., WINT, G. R.W.,
SIMMONS, C. P., SCOTT, T. W., FARRAR, J. J.,, HAY, S. I. The global
distribution and burden of dengue. Nature. 2013, 496, 504-507.

11.  BIEK, R, PYBUS, O. G., LLOYD-SMITH, J. O., DIDELOT, X. Measurably
evolving pathogens in the genomic era. Trends Ecol. Evol. 2015, 30, 306-13.

12.  BIELENICA, A., KOSSAKOWSKI, J., STRUGA, M., DYBALA, 1., LODDO,
R., IBBA, C., LA COLLA, P. Synthesis and Biological Evaluation of New 3-Phenyl-
1-[(4-arylpiperazin-1-yl)alkyl]-piperidine-2,6-diones. Sci. Pharm. 2011, 79, 225-38.

13.  BOSSI, F., FISCHETTI, F., PELLIS, V., BULLA, R., FERRERO, E.,
MOLLNES, T. E., REGOLI, D., TEDESCO, F. J. Immunol. 2004, 173, 6921-6927.

14. BOWEN, M. D., GELBMANN, W., KSIAZEK, T. G., NICHOL, S. T.,
NOWOTNY, N. Puumala virus and two genetic variants of Tula virus are present in
Austrian rodents. J. Med. Virol. 1997, 53, 174-81.

15. BOWEN, R. A., NEMETH, N. M. Experimental infections with West Nile virus.
Curr. Opin. Infect. Dis. 2007, 20, 293-7.

16. BRANDLER, S., TANGY, F. Vaccines in Development against West Nile
Virus. Viruses. 2013, 5, 2384-2409.

17. BRUMMER-KORVENKONTIO, M., VAHERI, A., HOVI, T., VON
BONSDORF, C. H., VAORINIES, J., MANNI, T., PENTTINEN, K., OKER-
BLOM, N., LAHDEVIRTA, J. 1980. Nephropathia Epidemica: Detection of Antigen
in Bank Voles and Serologic Diagnosis of Human Infection. J. Infect. Dis. 1980, 141,
131-135.

102



18.  BRYANT, J. E.,, HOLMES, E. C., BARRETT, A. D. T. Out of Africa: A
Molecular Perspective on the Introduction of Yellow Fever Virus into the Americas.
PLoS Pathog. 2007, 3, e75.

19. BULLEN, J. J., ARMSTRONG, J. A. The role of lactoferrin in the bacterial
function of polymorphonuclear leucocytes. Immunology. 1979, 36, 781-91.

20. BUYS, K. K., JUNG, K. H., SMEE, D. F., FURUTA, Y., GOWEN, B. B.
Maporal virus as a surrogate for pathogenic New World hantaviruses and its
inhibition by favipiravir. Antivir. Chem. Chemother. 2011, 21, 193-200.

21.  CANELA SOLER, J., PALLARES FUSTE, M. R., ABOS HERRANDIZ, R.,
NEBOT ADELL, C., LAWRENCE, R. S. A mortality study of the last outbreak of
yellow fever in Barcelona City (Spain) in 1870. Gac. Sanit. 2009, 23, 295-9.

22.  CANTILE, C., GUARDO, G., ELENI, C., ARISPICI, M. Clinical and
neuropathological features of West Nile virus equine encephalomyelitis in Italy.
Equine Vet. J. 2000, 32, 31-5.

23.  CASALS, J., HENDERSON, B. E., HOOGSTRAAL, H., JOHNSON, K. M.,
SHELOKOV, A. A review of Soviet viral hemorrhagic fevers, 1969. J. Infect. Dis.
1970, 122, 437-453.

24.  CERON-SERRANO, A., JIMENEZ-CASTELLANO, R., GOMEZ-CAMPOS,
A. M. Prevention and nursing care in the first case of Ebola virus disease contracted
outside Africa. Enferm. Clin. 2016, 27, 125-131.

25.  CHAMBERS, T. J.,, HAHN, C. S., GALLER, R., RICE, C. M. Flavivirus
genome organization, expression, and replication. Annu. Rev. Microbiol. 1990, 44,
649-88.

26. CHAPMAN, L. E., MERTZ, G. J., PETERS, C. J., JOLSON, H. M., KHAN, A.
S., KSIAZEK, T. G., KOSTER, F. T., BAUM, K. F., ROLLIN, P. E., PAVIA, A. T,
HOLMAN, R. C., CHRISTENSON, J. C., RUBIN, P. J., BEHRMAN, R. E., BELL,
L. J., SIMPSON, G. L., SADEK, R. F. Intravenous ribavirin for hantavirus
pulmonary syndrome: safety and tolerance during 1 year of open-label experience.
Ribavirin Study Group. Antivir. Ther., 1999, 4, 211-9.

27.  CHARREL, R. N., COUTARD, B., BARONTI, C., CANARD, B,
NOUGAIREDE, A., FRANGEUL, A., MORIN, B., JAMAL, S., SCHMIDT, C. L.,
HILGENFELD, R., KLEMPA, B., DE LAMBALLERIE, X. Arenaviruses and

103



hantaviruses: from epidemiology and genomics to antivirals. Antiviral Research.
2011, 90, 102-114.

28. CHAUDHARY, P.,KUMAR, R.,VERMA, A. K, SINGH, D., YADAV,
V.,CHHILLAR, A. K. SHARMA, G. L., CHANDRA, R. Synthesis and
antimicrobial activity of N-alkyl and N-aryl piperazine derivatives. Bioorg. Med.
Chem. 2006, 14, 1819-26.

29.  CHIVERO, E. T., BHATTARAI, N., RYDZE, R. T., WINTERS, M. A,
HOLODNIY, M., STAPLETON, J. T. Human pegivirus RNA is found in multiple
blood mononuclear cells in vivo and serum-derived viral RNA-containing particles
are infectious in vitro. J. Gen. Virol. 2014, 95, 1307-1319.

30. CHOO, Q. L., KUO, G., QEINER, A. J.,, OVERBY, L. R., BRADLEY, D. W.,
HOUGHTON, M. “Isolation of a ¢cDNA clone derived from a blood-borne non-A,
non-B viral hepatitis genome®. Science. 1989, 244, 359-62.

31.  CHUNG, D. H.,, KUMARAPPERUMA, S. C., SUN, Y., LI, Q., CHU, Y. K.,
ARTERBURN, J. B., PARKER, W. B., SMITH, J., SPIK, K., RAMANATHAN, H.
N., SCHMALJOHN, C. S., JONSSON, C. B. Synthesis of 1-beta-D-ribofuranosyl-3-
ethynyl-[1,2,4]triazole and its in vitro and in vivo efficacy against Hantavirus.
Antiviral Res. 2008, 79, 19-27.

32. CHUNG, D. H., SUN, Y., PARKER, W. B., ARTERBURN, J. B,
BARTOLUCCI, A., JONSSON, C. B. Ribavirin reveals a lethal threshold of
allowable mutation frequency for Hantaan virus. J. Virol. 2007, 81, 11722-9.

33.  CHUNG, D. H., VASTERMARK, A.,CAMP, J. V. MCALLISTER,
R.,REMOLD, S. K.,CHU, Y. K., BRUDER, C., JONSSON, C. B. The murine
model for Hantaan virus-induced lethal disease shows two distinct paths in viral
evolutionary trajectory with and without ribavirin treatment. J. Virol. 2013, 87,
10997-1007.

34. CIANCIL, C.,,GERRITZ, S. W,DEMINIE, C.,KRYSTAL, M.
Influenza nucleoprotein: promising target for antiviral chemotherapy. Antivir. Chem.
Chemother. 2012, 23, 77-91.

35. CIFUENTES-MUNOZ, N, BARRIGA, G. P,VALENZUELA, P.
D., TISCHLER, N. D. Aromatic and polar residues spanning the candidate fusion

104



peptide of the Andes virus Gc protein are essential for membrane fusion and
infection. J. Gen. Virol. 2011, 92, 552-63.

36. CONTER, V., BECK, W. T. Ayquisition of multiple drug resistance by CCRF-
CEM cells selected for different degrees of resistance to vincristine. Cancer Treat.
Rep. 1984, 68, 831-9.

37. CROTTY, S., CAMERON, C. E., ANDINO, R. RNA viruses catastrophe: direct
molecular test by using ribavirin. Proc. Natl. Acad. Sci. U.S.A. 2001, 98, 6895-900.
38. CROTTY, S., CAMERON, C., ANDINO, R. Ribavirin's antiviral mechanism of

action: lethal mutagenesis? J. Mol. Med. (Berl.). 2002, 80, 86-95.

39. CUSTER, D. M., THOMPSON, E. SCHMALJOHN, C. S.,KSIAZEK, T.
G., HOOPER, J. W. Active and passive vaccination against hantavirus pulmonary
syndrome with Andes virus M genome segment-based DNA vaccine. J. Virol. 2003,
77, 9894-905.

40. CUTLER, S. J., FOOKS, A. R., VAN DER POEL, W. H. Public health threat of
new, reemerging, and neglected zoonoses in the industrialized world. Emerg. Infect.
Dis. 2010, 16, 1-7.

41. DAMOTA, L. D., NISHIYA, A. S., FINGER-JARDIM, F., BARRAL, M. F.,
SILVA, C. M., NADER, M. M., GONCALVES, C. V., DA HORA, V. P,
SILVEIRA, J., BASSO, R. P., SOARES, M. A, LEVI, I. E., MARTINEZ, A. M.
Prevalence of human pegivirus (HPgV) infection in patients carrying HIV-1C or non-
C in southern Brazil. J. Med. Virol. 2016, 88, 2106-2114.

42. DAVIS, A. M., CHABOLLA, B. J.,, NEWCOMB, L. L. Emerging antiviral
resistant strains of influenza A and the potential therapeutic targets within the viral
ribonucleoprotein (VRNP) complex. Virol. J. 2014, 11, 167.

43.  DE OLIVEIRA, R. C., GUTERRES, A., FERNANDEZ, J., BONVICINO, C.
R., DE LEMOS, E. R. Hantavirus reservoirs: current status with an emphasis on data
from Brasil. Viruses. 2014, 6, 1929-73.

44, DE RODANICHE, E., GALINDO, P. Isolation of yellow fever virus from
Haemagogus mesodentatus, H. eequinus and Sabethes chloropterus captured in

Guatemala in 1956. Am. J. Trop. Med. Hyg. 1957, 6, 232-7.

105



45. DEYDE, V. M., RIZVANOV, A. A., CHASE, J., OTTESON, E. W., ST JEOR,
S. C. Interactions and trafficking of Andes and Sin Nombre Hantavirus glycoproteins
G1 and G2. Virology. 2005, 331, 307-15.

46. DREIER, J., STORMER, M., KLEESIEK, K. Use of bacteriophage MS2 as an
internal control in viral reverse transcription-PCR assays. J. Clin. Virol. 2005, 43,
4551-7.

47.  DREWES, S., TURNI, H., ROSENFELD, U. M., OBIEGALA,
A., STRAKOVA, P.,IMHOLT, C., GLATTHAAR, E., DRESSEL, K., PFEFFER,
M., JACOB, J., WAGNER-WIENING, C., ULRICH, R. G. Reservoir-Driven
Heterogeneous Distribution of Recorded Human Puumala virus Cases in South-West
Germany. Zoonoses Public Health. 2016, [Epub ahead of print].

48. DUARTE, G.,MORON, A. F.,, TIMERMAN, A. FERNANDES, C.
E., MARIANI NETO, C.,ALMEIDA FILHO, G. L., WERNER JUNIOR,
H., ESPIRITO SANTO, H. F. B. D., STEIBEL, J. A. P., BORTOLETTI FILHO,
J., ANDRADE, J. B. B,BURLA, M. SILVA DE SA, M. F.,BUSSO, N.
E., GIRALDO, P. C., MOREIRA DE SA, R. A., PASSINI JUNIOR, R., MATTAR,
R., FRANCISCO, R. P. V. Zika Virus Infection in Pregnant Women and
Microcephaly. Rev. Bras. Ginecol. Obstet. 2017, 39, 235-248.

49. DUNN, E. F., PRITLOVE, D. C,, JIN, H., ELLIOTT, R. M. Transcription of
arecombinant bunyavirus RNA template by transiently expressed bunyavirus
proteins. Virology. 1995, 211, 133-43.

50. EDGAR, R. C. MUSCLE: multiple sequence alignment with high accuracy and
high throughput, Nucleic Acids Research. 2004, 32, 1792-97.

51.  ESSBAUER, S., SCHMIDT, J., CONRATHS, F. J., FRIEDRICH, R., KOCH,
J, HAUTMANN, W. PFEFFER, M., WOLFEL, R. FINKE, J.,DOBLER,
G., ULRICH, R. A new Puumala hantavirus subtype in rodents associated with an
outbreak of Nephropathia epidemica in South-East Germany in 2004. Epidemiol.
Infect. 2006, 134, 1333-44.

52. ETTINGER, J., HOFMANN, J., ENDERS, M., TEWALD, F., OEHME, R. M.,
ROSENFELD, U. M., ALL H. S., SCHLEGEL, M., ESSBAUER, S., OSTERBERG,
A.,JACOB, J., REIL., D., KLEMPA, B., ULRICH, R. G., KRUGER, D. H. Multiple

106



synchronous outbreaks of puumala virus, Germany. Emerg. Infect. Dis. 2012, 18,
1461-64.

53.  FERRES, M., VIAL, P., MARCO, C., YANEZ, L., GODOY, P., CASTILLO,
C., HIELLE, B., DELGADO, 1., LEE, S. J., MERTZ, G. J. Prospective evaluation of
household contacts of person with hantavirus cardiopulmonary syndrome in chile. J.
Infect. Dis. 2007, 195,1563-71.

54.  FILIPI, K., MARKOVA, S., SEARLE, J. B., KOTLIK, P. Mitogenomic
phylogenetics of the bank vole Clethrionomys glareolus, a model system for studying
end-glacial colonization of Europe. Mol. Phylogenet. Evol. 2015, 82, 245-257.

55. GALINDO, P., TRAPIDO, H. The epidemiology of yellow fever in Middle
America. Exp. Parasitol. 1956, 5, 285-323.

56.  GARCIN, D., LEZZI, M., DOBBS, M., ELLIOTT, R. M. SCHMALIJOHN, C.,
KANG, C. Y., KOLAKOFSKY, D. The 5" ends of hantaan virus (Bunyaviridae)
RNAs suggest a prime-and-realign mechanism for the initiation of RNA synthesis. J.
Virol. 1995, 69, 5754-62.

57. GARSKE, T., VAN KERKHOVE, M. D. YACTAYO, S.,RONVEAUX,
O.,LEWIS, R. F.,STAPLES, J. E.,PEREA, W_,FERGUSON, N.
M.; YELLOW FEVER EXPERT COMMITTEE. Yellow fever in Africa: estimating
the burden of disease and impact of mass vaccination from outbreak and serological
data. PLoS Med. 2014, 11, e1001638.

58. GAVRILOVSKAYA, I. N.,, GORBUNOVA, E. E., MACKOW, N. A,
MACKOW, E. R. Hantaviruses direct ednothelial cell permeability by senzitizing
cells to the wvascular permeability factor, VEGF, while angiopoietin-1 and
sphingosine 1-phosphate inhibit hantavirus-directed permeability. J. Virol. 2008, 82,
5797-5806.

59. GAVRILOVSKAYA, I. N., PERESLENI, T., GEIMONEN, E., MACKOW, E.
R. Pathogenic hantaviruses selectively inhibit beta3 integrin directed endothelial cell
migration. Arch. Virol. 2002, 147, 1913-31.

60. GHOSH, A., DAR, L. Dengue vaccines: Challenges, development, current status
and prospects. Indian J. Micriobiol. 2015, 33, 3-15.

107



61.  GIANGASPEROO, M., HARASAWA, R. Species characterization in the genus
Pestivirus according to palindromic nucleotide substitutions in the 5’-untranslated
region. J. Virol. Methods. 2011, 174, 166-72.

62. GOLIAS, CH., CHARALABOPOULOS, A., STAGIKAS, D,
CHARALABOPOULOS, K., BATISTATOU, A. The kinin system--bradykinin:
biological effects and clinical implications. Multiple role of the kinin system--
bradykinin. Hippokratia. 2007, 11, 124-8.

63. GOULD, E. A., DE LAMBALLERIE, X., ZANOTTO, P. M., HOLMES, E. C.
"Origins, evolution and vector/host coadaptations within the genus Flavivirus". Adv.
Virus Res. 2003, 59, 277-314.

64. GOUNDRY, W. R. F., BALDWIN, J. E., LEE, V. Total synthesis of cytotoxic
sponge alkaloids hachijodines F and G. Tetrahedron. 2003, 59, 1719-1729.

65. GOWEN, B. B.,, WONG, M. H., JUNG, K. H., SANDERS, A. B,
MENDENHALL, M., BAILEY, K. W., FURUTA, Y., SIDWELL, R. W. In vitro
and in vivo activities of T-705 against arenavirus and bunyavirus infections.
Antimicrob. Agents Chemother. 2007, 51, 3168-76.

66. GOWEN, B. B.,, WONG, M. H., JUNG, K. H., SMEE, D. F., MORREY, J. D.,
FURUTA, Y. Efficacy of favipiravir (T-705) and T-1106 pyrazine derivatives in
phlebovirus disease models. Antiviral Res. 2010, 86, 121-7.

67. GRACI, J. D., CAMERON, C. E. Mechanisms of action of ribavirin against
distinct viruses. Rev. Med. Virol. 2006, 16, 37-48.

68. GRESIKOVA, M., BILCIKOVA, M., BILCIK, P, CERNY V., DANIEL, M.,
HAVLIKOVA, G., KOZUCH, O., KRIPPEL E., LYSY, J. 1988. Hemoragickd
horucka s renalnym syndromom. Bratislava. VEDA: vydavatel'stvo Slovenske;j
akadémie vied. 1988. 126 s.

69. GRINEV, A., CHANCEY, C., VOLKOVA, E., CHIZHIKOV, V., RIOS, M.
Developmnet of a microarray-based assay for rapid monitoring of genetic variants of
West Nile virus circulating in the United States. J. Virol. Methods. 2017, 239, 17-25.

70.  GUERRERO, C. A., MENDEZ, E., ZARATE, S., ISA, P., LOPEZ, S., ARIAS,
C. F. Integrin alpha(v)beta(3) mediates rotavirus cell entry. Proc. Natl. ACAD Sci.
USA4. 2000, 97, 14644-9.

108



71.  GUO, W. P, LIN, X. D., WANG, W., TIAN, J. H., CONG, M. L., ZHANG, H.
L., WANG, M. R.,ZHOU, R. H,, WANG, J. B,, LI, M. H., XU, J., HOLMES, E.
C.,ZHANG, Y. Z. Phylogeny and origins of hantaviruses harbored by bats,
insectivores, and rodents. PLoS Pathogen. 2013,9, €1003159

72. HADDOW, A. J. X. —The Natural History of Yellow Fever in Africa.
Proceedings of the Royal Society of Edinburg. Section B. Biology, 1969, 70, 191-227.

73.  HAESE, N., BROCATO, R. L., HENDERSON, T., NILES, M. L., KWILAS, S.
A., JOSLEYN, M. D., HAMMERBECK, C. D., SCHILTZ, J., ROYALS, M.,
BALLANTYNE, J., HOOPER, J. W., BRADLEY, D. S. Antiviral Biologic Produced
in DNA Vaccine/Goose Platform Protects Hamsters Against Hantavirus Pulmonary
Syndrome When Administered Post-exposure. PLoS Negl. Trop. Dis. 2015, 9,
€0003803.

74.  HALL, P. R., HIELLE, B., BROWN, D. C., YE, C., BONDU-HAWKINS, V.,
KILPATRICK, K. A., LARSON, R. S. Multivalent presentation of antihantavirus
peptides on nanoparticles enhances infection blockade. Antimicrob. Agents
Chemother. 2008, 52, 2079-2088.

75.  HALL, P. R., LEITAO, A., YE, C., KILPATRICK, K., HIELLE, B., OPREA,
T. I, LARSON, R. S. Small molecule inhibitors of hantavirus infection. Bioorg.
Med. Chem. Lett. 2010, 20, 7085-7091.

76.  HALL, T. A. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series No. 41.
1999, 95-98.

77.  HALSTEAD, S. B., AGUIAR, M. Dengue vaccines: Are they safe for travelers?
Travel Med. Infect. Dis. 2016, 14, 378-83.

78.  HAMMERBECK, C. D., WAHL-JENSEN, V., HOOPER, J. W. Hantavirus. In:
Barrett ADT, Stanberry LR, editors. Vaccines for biodefense and emerging and
neglected diseases. London: Academic Press/Elsevier; 2009. pp. 379-412.

79.  HANDKE, W., OELSCHLEGEL, R., FRANKE, R., WIEDEMANN, L.,
KRUGER, D. H., RANG, A. Generation and characterisation of genetic reassortants
between Puumala and Prospect Hill hantaviruses in vitro. J. Gen. Virol. 2010, 91,

2351-2359.

109



80. HEINZ, F. X., ALLISON, S. L. Flavivirus structure and membrane fusion. Adv.
Virus Res. 2003, 59, 63-97.

81. HENDERSON, W. W., MONROE, M. C., ST JEOR, S. C, THAYER, W.
P.,ROWE, J. E.,PETERS, C. J., NICHOL ST. Naturally occuring Sin Nombre
genetic reassortants. Virology. 1995, 214, 602-10.

82.  HOFF, M., ORF, S., RIEHM, B., DARRIBA, D., STAMATAKIS, A. Does the
choice of nucleotide substitution models matter topologically? BMC Bioinformatics.
2016, 17, 143.

83.  HOFMANN, R. S., KOEPPL, J. W. Zoogeography. In R. H. Tamarin (Ed.),
Biology of New World Microtus. 1985, (pp. 84-115), American Society of
Mammalogists.

84. HOLMES, E. C., ZHANG, Y. Z. The evolution and emergence of hantaviruses.
Curr. Opin. Virol. 2015, 10, 27-33.

85. HOOPER, J. W., MOON, J. E.,, PAOLINO, K. M., NEWCOMER, R.,
MCLAIN, D. E., JOSLEYN, M., HANNAMAN, D., SCHMALJOHN, C. A Phase 1
clinical trial of Hantaan virus and Puumala virus M-segment DNA vaccines for
haemorrhagic fever with renal syndrome delivered by intramuscular electroporation.
Clin. Microbiol. Infect. 2014, 20, 110 —117.

86. HOORFAR, J., MALORNY, B., ABDULMAWJOOD, A., COOK, N.,
WAGNER, M., FACH, P. Practical considerations in design of internal amplification
controls for diagnostic PCR assays. J. Clin. Microbiol. 2004, 42, 1863—1868.

87.  HUGGINS, J. W., HSIANG, C. M., COSGRIFF, T. M., GUANG, M. Y.,
SMITH, J. I., WU, Z. O., LEDUC, J. W., ZHENG, Z. M., MEEGAN, J. M., WANG,
Q. N., DIVISION OF VIROLOGY (US ARMY MEDICAL RESEARCH
INSTITUTE OF INFECTIOUS DISEASES). Prospective, double-blind, concurrent,
placebo-controlled clinical trial of intravenous ribavirin therapy of hemorrhagic fever
with renal syndrome. J. Infect. Dis. 1991, 164, 1119-27.

88.  HUGGINS, J. W., KIM, G. R., BRAND, O. M., MCKEE, K. T. Jr. Ribavirin
therapy for Hantaan virus infection in suckling mice. J. Infect. Dis. 1986, 153, 489-
97.

89. HUGGINS, J. W., ROBINS, R. K., CANONICO, P. G. Synergistic antiviral

effects of ribavirin and the C-nucleoside analogs tiazofurin and selenazofurin against

110



togaviruses, bunyaviruses, and arenaviruses. Antimicrob. Agents Chemother. 1984,
26, 476-80.

90. HUGHES, A. L., FRIEDMAN, R. Evolutionary diversification of proetin-
coding genes of hantaviruses. Mol. Biol. Evol. 2000, 17, 1558-1568.

91. HUNGNES, O., JONASSEN, T. O.,JONASSEN, C. M., GRINDE, B.
Molecular epidemiology of viral infections. How sequence information helps us
understand the evolution and dissemination of viruses. APMIS. 2000, 108, 81-97.

92. HUTCHINSON, K. L., PETERS, C. J.,, NICHOL, S. T. Sin Nombre virus
mRNA synthesis. Virology. 1996, 224, 139-49.

93. IBEZIM, E., DUCHOWICZ, P. R., ORTIZ, E. V., CASTRO, E. A. QSAR on
aryl-piperazine derivates with activity on malaria. Chemother. Intell. Lab. Discipline.
2012, 110, 81-88.

94, JAASKELAINEN, K. M., KAUKINEN, P., MINSKAYA, E. S., PLYUSNINA,
A., VAPALAHTI O., ELLIOTT, R. M., WEBER, F., VAHERI, A., PLYUSNIN, A.
Tula and Puumala hantavirus NSs ORFs are functional and the products inhibit
activation of the interferon-beta promoter. J. Med. Virol. 2007, 79, 1527-36.

95.  JAASKELAINEN, K. M., PLYUSNINA, A., LUNDKVIST, A., VAHERI A,
PLYUSNIN, A. Tula hantaviruses isolate with the full-lenght ORF for nonstructural
protein NSs survives for more consequent passages in interferon-competent cells
than the isolate having truncated NSs ORF. Virology Journal. 2008. 11, 3.

96. JACOBS, M., RODGER, A:, BELL, D. J., BHAGANI S., CROPLEY, I,
FILIPE, A., GIFFORD, R. J.,, HOPKINS, S., HUGHES, J., JABEEN, F.,,
JOHANNESSEN, 1., KARAGEORGOPOULOS, D., LACKENBY, A., LESTER, R.,
LIU, R. S., MACCONNACHIE, A., MAHUNGU, T., MARTIN, D., MARSHALL,
N., MEPHAM, S., ORTON, R., PALMARINI, M., PATEL, M., PERRY, C,,
PETERS, S. E., PORTER, D., RITCHIE, D., SEATON, R. A., SREENU, V. B,
TEMPLETON, K., WARREN, S., WILKIE, G. S., ZAMBON, M., GOPAL, R.,
THOMSON, E: C. Late Ebola virus relapse causing meningoencephalitis: a case
report. Lancet. 2016, 388, 498-503.

97. JONES, K. E., PATEL, N. G, LEVY, M. A., STOREYGARD, A., BALK, D.,
GITTLEMAN, J. L., DASZAK, P. Global trends in emerging infectious diseases.
Nature. 2008, 451, 990-3.

111



98. JONSSON, C. B., MILLIGAN, B. G., ARTERBUM, J. B. Potencial importance of
error catastrophe to the development of antiviral strategies for hantaviruses. Virus
Research. 2005, 107, 195-205.

99.  KAISER, R. “Tick-borne encephalitis™. Infect. Dis. Clin. North. Am. 2008, 22,
561-75.

100. KAUKINEN, P., VAHERI, A., PLYUSNIN, A. Hantavirus nucleocapsid
protein: a multifunctional molecule with both housekeeping and ambassadorial
duties. Arch. virol. 2005, 150, 1693-713.

101. KHAIBOULLINA, S. F., MORZUNOV, S. P., ST. JEOR, S. C. Hantaviruses:
Molecular Biology, evolution and Pathogenesis. Curr. Mol. Medicine. 2005, S, 773-
790.

102. KHAN, A. S., TSHIOKO, F. K., HEYMANN, D. L., LE GUENNO, B.,
NABETH, P., KERSTIENS, B., FLEERACKERS, Y., KILMARX, P. H., RODIER,
G. R.,, NKUKU, O., ROLLIN, P. E., SANCHEZ, A., ZAKI, S. R.,, SWANEPOEL,
R., TOMORI, O., NICHOL, S. T., PETERS, C. J., MUYEMBE-TAMFUM, 1. J.,
KSIAZEK, T. G. The reemergence of Ebola hemorrhagic fever, Democratic
Republic of the Congo, 1995. Commission de Lutte contre les Epidémies a Kikwit. J.
Infect. Dis. 1999, 179, Suppl. 1:S76-86.

103. KILPATRICK, E. D., TERAJIMA, M., KOSTER, F. T., CATALINA, M. D.,
CRUZ, J., ENNIS, F. A. Role of specific CD8+ T cells in the severity of a fulminant
zoonotic viral hemorrhagic fever, hantavirus pulmonary syndrome. J. Immunol.
2004, 172, 3297-304.

104. KIM, K., PARK, J., CHUNG, Y.,CHEON, D., LEE, I. B,, LEE, S., YOON,
J., CHO, H., SONG, C., LEE, K. H. Use of internal standard RNA molecules for the
RT-PCR amplification of the faeces-borne RNA viruses. J. Virol. Methods. 2002,
104, 107-115.

105. KIM, W. K,,KIM, J. A,, SONG, D. H., LEE, D.,KIM, Y. C,, LEE, S. Y., LEE,
S. H,NO, J. S.,KIM,J. H,KHO, J. H,GU, S. H,JEONG, S. T., WILEY,
M., KIM, H. C, KLEIN, T. A., PALACIOS, G., SONG, J. W.. Phylogeographic
analysis of hemorrhagic fever with renal syndrome patients using multiplex PCR-

based next generation sequencing. Sci. Rep. 2016, 6, 26017.

112



106. KIRSANOVS, S., KLEMPA, B., FRANKE, R., LEE, M. H., SCHONRICH,
G., RANG, A., KRUGER, D. H. Genetic reassortment between high-virulent and
low-virulent Dobrava-Belgrade virus strains. Virus Genes. 2010, 41, 319-28.

107. KLEMPA B., FICHET-CALVET E.,LECOMPTE E., AUSTE B., ANISKIN
V., MEISEL H., BARRIERE P., KOIVOGUI L., TER MEULEN J., KRUGER DH.
Novel hantavirus sequences in Shrew, Guinea. Emerg. Infect. Dis. 2007, 13, 520-2.

108. KLEMPA, B., FICHET-CALVET, E., LECOMPTE, E., AUSTE, B., ANISKIN,
V., MEISEL, H., DENYS, C., KOIVOQUI, L., TER MEULEN, J., KRUGER, D. H.
Hantavirus in African wood mouse, Guinea. Emerg. Infect. Dis. 2006, 12, 838-40.

109. KLEMPA, B., MEISEL, H., RATH, S., BARTEL, J., ULRICH, R., KRUGER,
D. H. Occurance of Renal and Pulmonary Syndrome in a Region of Northeast
Germany Where Tula Hantavirus Circulates. J. Clin. Microbiol. 2003, 41, 44894-
4897.

110. KLEMPA, B., RADOSA, L., KRUGER, D. H. The broad spectrum of
hantaviruses and their hosts in Central Europe. Acta Virol. 2013, 57, 130-7.

111. KLEMPA, B., SCHUTT, M., AUSTE, B.,, LABUDA, M., ULRICH, R,
MEISEL, H., KRUGER, D. H. First molecular identification of human Dobrava virus
infection in central Europe. J. Clin. Microbiol. 2004, 42, 1322-5.

112. KLEMPA, B., STANKO, M., LABUDA, M., ULRICH, R., MEISEL, H.,
KRUGER, D. H., Central European Dobrava Hantavirus isolate from a striped field
mouse (Apodemus agrarius). J. Clin. Microbiol. 2005, 43, 2756-63.

113.  KLINGSTROM, J., HEYMAN, P., ESCUTENAIRE, S., SIOLANDER, K. B., DE
JAEGERE, F., HENTTONEN, H., LUNDKVIST, A. Rodent host specificity of
European hantaviruses: evidence of Puumala virus interspecific spillover. J. Med. Virol.
2002. 68, 581-8.

114. KOBAYASHI, T., NAKATSUKA, K., SHIMIZU, M., TAMURA, H.,
ATSUKAWA, M., HARIMOTO, H., TAKAHASHI, H., SAKAMOTO, C. Ribavirin
modulates the conversion of human CD4(+) CD25(-) T cell to CD4(+) CD25(+)
FOXP3(+) T cell via suppressing interleukin-10-producing regulatory T cell.
Immunology. 137, 259-70.

115. KOHNKE, Q. The Yellow Fever Epidemic of 1905 in New Orleans. Public.
Health Pap. Rep. 1906, 32, 89-94.

113



116. KOLAKOFSKY, D., HACKER, D. Bunyavirus RNA synthesis: genome
transcription and replication. Curr. Top. Microbiol. Immunol. 1991, 169, 143-59.

117. KOSSAKOWSKI, J., PAKOSINSKA-PARYS, M., STRUGA, M., DYBALA,
I., KOZIOL, A. E., LA COLLA, P., MARONGIU, L. E., IBBA, C., COLLU, D.,
LODDO, R. Synthesis and Evaluation of in Vitro Biological Activity of 4-
Substituted Arylpiperazine Derivatives of 1,7,8,9-Tetrachloro- 10,10-dimethoxy-4-
azatricyclo[5.2.1.02,6]dec-8-ene-3,5-dione. Molecules. 2009, 14, 5189-5202.

118. KRAMSKI, M., MEISEL, H.,KLEMPA, B. KRUGER, D. H., PAULI,
G., NITSCHE, A. Detection and typing of human pathogenic hantaviruses by real-
time reverse transcription-PCR and pyrosequencing. Clin. Chem. 2007, 53, 1899-
905.

119. KRAUTKRAMER, E., ZEIER, M. Hantavirus causing hemorrhagic fever with
renal syndrome enters from the apical surface and requires decay-accelerating factor
(DAF/CDS55). J Virol. 2008, 82, 4257-64.

120. KRUGER, D. H., SCHONRICH, G., KLEMPA, B. Hantaviruses—Globally
emerging pathogens. Hum. Vaccines. 2011, 7, 1-9.

121. KRUGER, D. H., TKACHENKO, E. A., MOROZOV, V. G., YUNICHEVA, Y.
V., PILIKOVA, O. M., MALKIN, G., ISHMUKHAMETOV, A. A., HEINEMANN,
P., WITKOWSKI, P. T.,KLEMPA, B.,DZAGUROVA, T. K. Life-Threatening
Sochi Virus Infections, Russia. Emerg. Infect. Dis. 2015, 21, 2204-8.

122. KUMAR, S., STECHER, G., TAMURA, K. MEGA7: Molecular Evolutionary
Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol. Evol. 2016, 33, 1870-
4.

123.  KUMARAPPERUMA, S. C., SUN, Y., JESELNIK, M., CHUNG, K.,
PARKER, W. B., JONSSON, C. B., ARTERBURN, J. B. Structural effects on the
phosphorylation of 3-substituted 1-beta-D-ribofuranosyl-1,2,4-triazoles by human
adenosine kinase. Bioorg. Med. Lett. 2007, 17, 3203-7.

124. KUO, G., CHOO, Q. L., ALTER, H. J., GITNICK, G. L., REDEKER, A. G.,
PURCELL, R. H., MIYAMURA, T., DIENSTAG, J. L., ALTER, M. J., STEVENS,
C. E. et al. “An assay for circulating antibodies to a major etiologic virus of human

non-A, non-B hepatitis”. Science. 1989, 244, 362-4.

114



125. LAGERQVIST, N., HAGSTROM, A., LUNDAHL, M., NILSSON,
E., JUREMALM, M., LARSSON, I, ALM, E., BUCHT, G., AHLM,
C., KLINGSTROM, J. Molecular Diagnosis of Hemorrhagic Fever with Renal
Syndrome Caused by Puumala Virus. J. Clin. Microbiol. 54, 1335-9.

126. LAHDEVIRTA, J. Nephropatia epidemica in Finland. A clinical histological
and epidemiological study. Ann. Clin. Res. 1971, 3, 1-154.

127. LAINE, O., LEPPANEN, 1., KOSKELA, S., ANTONEN, J., MAKELA, S,
SINISALO, M., VAHERI, A., MUSTONEN, J. Severe Puumala virus infection in a
patient with a lymphoproliferative disease treated with icatibant. Infect. Dis. (Lond).
2015, 47, 107-11.

128. LAMUNU, M., OLU, O. O., BANGURA, J., YOTI, Z., SAMBA, T. T,,
KARGBO, D. K., DAFAE, F. M., RAJA, M. A., SEMPIRA, N., IVAN, M. L,
SING, A., KURTI-GEORGE, F., WORKU, N., MITULA, P., GANDA, L.,
SAMUPINDI, R., CONTEH, R., KAMARA, K. B., MURAGURI, B., KPOSOWA,
M., CHARLES, J., MUGAGA, M., DYE, C., BANERJEE, A., FORMENTY, P.,
KARGBO, B., AYLWARD, R. B. Epidemiology of Ebola Virus Disease in the
Western Area Region of Sierra Leone, 2014-2015. Front Public Health. 2017, 5,
eCollection 2017.

129. LEE, H. W., BAEK, L. J., JOHNSON, K. M. Isolation of Hantaan virus, the
etiologic agent of Korean hemorrhagic fever, from wild urban rats. J. Infect. Dis.
1982, 146, 638-644.

130. LENGSFELD, A. M., SCHULTZE, B., MAUER, W. Time-lapse studies on the
effect of vincristine on HeLa cells. Eur. J. Cancer. 1981, 17, 307-19.

131. LI C, LIU, F., LIANG, M., ZHANG, Q., WANG, X., WANG, T., LI, J,, L1, D.
Hantavirus-like particles generated in CHO cells induce specific immune responses
in C57BL/6 mice. Vaccine. 2010, 28, 4294—4300.

132. LI D., SCHMALJOHN, A. L., ANDERSON, K., SCHMALJOHN, C. S.
Complete nucleotide sequences of the M and S segments of two hantavirus isolates
from California: evidence for reassortment in nature among viruses related

to hantavirus pulmonary syndrome. Virology. 1995, 206, 973-83.

115



133. LIANG,M.,CHU, Y. K. SCHMALJOHN, C. Bacterial expression of
neutralizing mouse monoclonal antibody Fab fragments to Hantaan virus. Virology.
1996, 217, 262-71.

134. LIN, D., LI, L., DICK, D., SHOPE, R. E., FELDMANN, H., BARRETT, A. D.,
HOLBROOK, M. R. Analysis of the complete genome of tick-borne flavivirus Omsk
hemorrhagic fever virus. Virology. 2003, 313, 81-90.

135. LINGALA, S., GHANY, M. G. Natural history of hepatitis C. Gastroenterol.
Clin. North Am. 2015, 44, 717-34.

136. LIU, T., WENG, Z., DONG, X., CHEN, L., MA, L., CEN, S., ZHOU, N., HU,
Y. Design, synthesis and biological evaluation of novel piperazine derivates as CCRS
antagonists. PLoS One. 2013, 8, €53636.

137. LOZANO, R.,NAGHAVI, M., FOREMAN, K.,LIM, S., SHIBUYA,
K., ABOYANS, V., ABRAHAM, J,ADAIR, T., AGGARWAL, R., AHN,
SY., ALVARADO, M., ANDERSON, H. R., ANDERSON, L. M., ANDREWS, K.
G., ATKINSON, C.,BADDOUR, L. M., BARKER-COLLO, S.,BARTELS, D.
H., BELL, M. L., BENJAMIN, E. J., BENNETT, D.,BHALLA, K., BIKBOV,
B., BIN ABDULHAK, A., BIRBECK, G., BLYTH, F., BOLLIGER, I., BOUFOUS,
S., BUCELLO, C., BURCH, M., BURNEY, P., CARAPETIS, J., CHEN, H., CHOU,
D., CHUGH, S. S., COFFENG, L. E., COLAN, S. D., COLQUHOUN, S., COLSON,
K. E., CONDON, J,CONNOR, M. D, COOPER, L. T., CORRIERE,
M., CORTINOVIS, M., DE VACCARO, K. C. COUSER, W. COWIE, B.
C., CRIQUI, M. H., CROSS, M., DABHADKAR, K. C., DAHODWALA, N., DE
LEO, D., DEGENHARDT, L., DELOSSANTOS, A.,DENENBERG, 1J., DES
JARLAIS, D. C., DHARMARATNE, S. D.,DORSEY, E. R. DRISCOLL,
T., DUBER, H., EBEL, B., ERWIN, P. J., ESPINDOLA, P., EZZATI, M., FEIGIN,
V., FLAXMAN, A. D.,, FOROUZANFAR, M. H., FOWKES, F. G., FRANKLIN,
R., FRANSEN, M., FREEMAN, M. K., GABRIEL, S. E. GAKIDOU,
E., GASPARI, F.,GILLUM, R. F. GONZALEZ-MEDINA, D.,HALASA, Y.
A., HARING, D., HARRISON, J. E., HAVMOELLER, R.,HAY, R. J, HOEN,
B., HOTEZ, P. J., HOY, D.,JACOBSEN, K. H.,JAMES, S. L., JASRASARIA,
R.,JAYARAMAN, S, JOHNS, N. KARTHIKEYAN, G., KASSEBAUM,
N., KEREN, A, KHOO, J. P,KNOWLTON, L. M. KOBUSINGYE,

116



0., KORANTENG, A., KRISHNAMURTHI, R., LIPNICK, M., LIPSHULTZ, S.
E.,OHNO, S. L., MABWEIJANO, J,MACINTYRE, M. F., MALLINGER,
L., MARCH, L., MARKS, G. B., MARKS, R., MATSUMOR]I,
A., MATZOPOULOS, R., MAYOSI, B. M., MCANULTY, J. H.,, MCDERMOTT,
M. M., MCGRATH, J.,, MENSAH, G. A., MERRIMAN, T. R., MICHAUD,
C., MILLER, M., MILLER, T. R., MOCK, C., MOCUMBI, A. O., MOKDAD, A.
A., MORAN, A., MULHOLLAND, K., NAIR, M. N., NALDI, L., NARAYAN, K.
M., NASSERI, K., NORMAN, P.,ODONNELL, M., OMER, S. B., ORTBLAD,
K., OSBORNE, R., OZGEDIZ, D.,PAHARI, B., PANDIAN, J. D., RIVERO, A.
P, PADILLA, R. P.,PEREZ-RUIZ, F.,PERICO, N., PHILLIPS, D., PIERCE,
K., POPE, C. A. 3RD, PORRINI, E., POURMALEK, F.,RAJU,
M., RANGANATHAN, D., REHM, J. T., REIN, D. B.,, REMUZZI, G., RIVARA, F.
P.,ROBERTS, T., DE LEON, F. R., ROSENFELD, L. C., RUSHTON, L., SACCO,
R. L., SALOMON, J. A. SAMPSON, U, SANMAN, E, SCHWEBEL, D.
C., SEGUI-GOMEZ, M., SHEPARD, D. S., SINGH, D., SINGLETON, J., SLIWA,
K., SMITH, E.,STEER, A., TAYLOR, J. A. THOMAS, B. TLEYJEH, I
M., TOWBIN, J. A., TRUELSEN, T., UNDURRAGA, E.
A., VENKETASUBRAMANIAN, N., VJAYAKUMAR, L., VOS, T., WAGNER,
G. R., WANG, M., WANG, W., WATT, K., WEINSTOCK, M. A., WEINTRAUB,
R., WILKINSON, J. D.,,WOOLF, A. D. WULF, S.,YEH, P. H.,YIP,
P., ZABETIAN, A., ZHENG, Z. J., LOPEZ, A. D., MURRAY, C. J., ALMAZROA,
M. A., MEMISH, Z. A. Global and regional mortality from 235 causes of death for
20 age groups in 1990 and 2010: a systematic analysis for the Global Burden of
Disease Study 2010. Lancet. 2012, 380, 2095-128.

138. MACHER, A. M., WOLFE, M. S. Historical Lassa fever reports and 30-year
clinical update. Emerg. Infect. Dis. 2006, 12, 835-7.

139. MAES, P., KLEMPA, B., CLEMENT, J., MATTHIINSSENS, J., GAJDUSEK,
D. C.,KRUGER, D. H., VAN RANST M. A proposal for new criteria for the
classification of hantaviruses, based on S and M segment protein sequences. Infect.

Genet. Evol. 2009, 9, 813-20.

117



140. MARTINEZ, V. P., BELLOMO, C., SAN JUAN, J., PINNA, D., FORLENZA,
R., ELDERM., PADULA, P. J. Person-to-person transmission of Andes virus.
Emerg. Infect. Dis. 2005, 11,1848-53.

141. MASSON, P. L., HEREMANS, J. F., SCHONNE, E. Lactoferrin, an iron-
binding protein in neutrophilic leukocytes. J. Exp. Med. 1969, 130, 643-58.

142. MCNEIL, J. R. "Yellow Jack and Geopolitics: Environment, Epidemics, and the
Struggles for Empire in the American Tropics, 1650-1825". OAH Magazine of
History. 2004, 18, 9-13.

143. MEDINA, R. A., MIROWSKY-GARCIA, K., HUTT, J., HIELLE, B. Ribavirin,
human convalescent plasma and anti-beta3 integrin antibody inhibit infection by Sin
Nombre virus in the deer mouse model. J. Gen. Virol. 2007, 88, 493-505.

144. MERTZ, G. J., MIEDZINSKI, L., GOADE, D.,PAVIA, A. T. HJELLE,
B., HANSBARGER, C. 0., LEVY, H., KOSTER, F. T., BAUM,
K., LINDEMULDER, A., WANG, W., RISER, L., FERNANDEZ, H., WHITLEY,
R. J.; COLLABORATIVE ANTIVIRAL STUDY GROUP. Placebo-controlled,
double-blind trial of intravenous ribavirin for the treatment of hantavirus
cardiopulmonary syndrome in North America. Clin. Infect. Dis. 2004, 39, 1307-13.

145. MESSINA, J. P., BRADY, O. J., SCOTT, T. W., ZOU, C., PIGOTT, D. M.,
DUDA, K. A., BHATT, S., KATZELNICK, L., HOWES, R. E., BATTLE, K. E.,
SIMMONS, C. P., HAY, S. 1. Global spread of dengue virus types: mapping the 70
year history. Trends Microbiol. 2014, 22, 138-146.

146. METSKY, H. C., MATRANGA, C. B.,, WOHL, S.,SCHAFFNER, S.
F.,FREIJE, C. A., WINNICKI, S. M., WEST, K. QU, J.,BANIECKI, M.
L., GLADDEN-YOUNG, A, LIN, A. E.,TOMKINS-TINCH, CH., YE, S.
H.,,PARK, D. J,LUO, C. Y. BARNES, K. G. SHAH, R. R, CHAK,
B., BARBOSA-LIMA, G., DELATORRE, E., VIEIRA, Y. R., PAUL, L. M., TAN,
A. L., BARCELLONA, C. M., PORCELLI, M. C., VASQUEZ, C., CANNONS, A.
C., CONE, M. R., HOGAN, K. N., KOPP, E. W., ANZINGER, J. J., GARCIA, K.
F.,PARHAM, L. A, RAMIREZ, R. M. G.,, MONTOYA, M. C. M., ROJAS, D.
P., BROWN, C. M., HENNIGAN, S., SABINA, B., SCOTLAND,
S., GANGAVARAPU, K., GRUBAUGH, N. D, OLIVEIRA, G., ROBLES-
SIKISAKA, R.,RAMBAUT, A.,GEHRKE, L.,SMOLE, S., HALLORAN, M.

118



E., VILLAR, L., MATTAR, S.,LORENZANA, I, CERBINO-NETO, J., VALIM,
C.,DEGRAVE, W, BOZZA, P. T.,GNIRKE, A., ANDERSEN, K. G., ISERN,
S., MICHAEL, S. F., BOZZA, F. A., SOUZA, T. M. L., BOSCH, 1., YOZWIAK, N.
L., MACINNIS, B. L., SABETI, P. C. Zika virus evolution and spread in the
Americas. Nature. 2017, [Epub ahead of print].

147. MIR, M. A., PANGANIBAN, A. T. The hantavirus nucleocapsid protein
recognizes specific features of the viral RNA panhandle and is altered in
configuration upon RNA binding. J. Virol. 2005, 79, 1824-35.

148. MONATH, T. P. Treatment of yellow fever . Antiviral Res. 2008, 78, 116-24.

149. MONATH, T. P., LEE, C. K., JULANDER, J. G., BROWN, A., BEASLEY, D.
W., WATTS, D. M., HAYMAN, E., GUERTIN, P., MAKOWIECK],
J.,, CROWELL, J.,LEVESQUE, P.,BOWICK, G. C.,MORIN, M., FOWLER,
E., TRENT, D. W. Inactivated yellow fever 17D vaccine: development and
nonclinical safety, immunogenicity and protective activity. Vaccine. 2010, 28, 3827-
40.

150. MONTGOMERY, W. L. 1999. Apodemus flavicollis. In: A.J. Mitchell-Jones, G.
Amori, W. Bogdanowicz, B. Krystufek, P.J.H. Reijnders, F. Spitzenberger, M.
Stubbe, J.B.M. Thissen, V. Vohralik, and J. Zima (eds), The Atlas of European
Mammals. Academic Press, London.

151. MORENS, D. M., FOLKERS, G. K., FAUCI, A. S. Emerging infections: a
perpetual challenge. Lancet Infect. Dis., 2008, 8, 710-9.

152.  MURGUE, B., MURRYI, S., ZIENTARA, S., DURAND, B., DURAND, J. P.,
ZELLER, H. West Nile outbreak in horses in southern France, 2000: the return after
35 years. Emerg. Infect. Dis. 2001, 7, 692-6.

153. MURPHY, M. E., KARIWA, H. MIZUTANIL, T., TANABE, H,,
YOSHIMATSU, K., ARIKAWA, J., TAKASHIMA, 1. Characterization of in vitro
and in vivo antiviral activity of lactoferrin and ribavirin upon hantavirus. J. Vet. Med.
Sci. 2001, 63, 637-45.

154. MURPHY, M. E., KARIWA, H,MIZUTANIL, T., YOSHIMATSU,
K., ARIKAWA, J., TAKASHIMA, L. In vitro antiviral activity of lactoferrin and
ribavirin upon hantavirus. Arch. Virol. 2000, 145, 1571-82.

119



155. NALCA, A., FELLOWS, P. F., WHITEHOUSE, C. A. Vaccines and animal
models for arboviral encephalitides. Antiviral Research. 2003, 60, 153-174

156. NASH, D., MOSTASHARI, F., FINE, A., MILLER, J., O'LEARY, D,
MURRAY, K., HUNAG, A., ROSENBERG, A., GREENBERG, A., SHERMAN,
M., WONG, S., LAYTON, M., 1999 West Nile Outbreak Response Working Group.
The outbreak of West Nile virus infection in the New York City area in 1999. N.
Engl. J. Med. 2001, 344, 1807-14.

157. NEI, M., KUMAR, S. Molecular Evolution and Phylogenetics. Oxford
University Press, New York. 2000.

158. NEMIROV, K., HENTTONEN, H., VAHERI, A., PLYUSNIN, A. Phylogenetic
evidence for host switching in the evolution of hantaviruses carried by Apodemus
mice. Virus Research. 2002, 90, 1-2.

159. NEMIROV, K., VAPALAHTI O, LUNDKVIST A, VASILENKO V,
GOLOVLIOVA I, PLYUSNINA A, NIEMIMAA J, LAAKKONEN J,
HENTTONEN H, VAHERI A, PLYUSNIN A. Isolation and characterization of
Dobrava hantavirus carried by the striped field mouse (Apodemus agrarius) in
Estonia. J. Gen. Virol. 1999, 80, 371-9.

160. NICHOL, S. T., SPIROPOULOU, C. F., MORZUNOV, S., ROLLIN, P. E.,
KSIAZEK, T. G., FELDMANN, H., SANCHEZ, A., CHILDS, J., ZAKI, S.,
PETERS, C. J. Genetic identification of a hantavirus associated with an outbreak of
acute respiratory illness. Science. 1993, 262, 914-917.

161. NIKOLIC, V., STAJKOVIC, N., STAMENKOVIC, G., CEKANAC,
R., MARUSIC, P.,SILJIC, M., GLIGIC, A., STANOJEVIC, M. Evidence of
recombination in Tula virus strains from Serbia. Infect. Genet. Evol. 2014, 21, 472-8.

162. OGBU, O., AJULUCHUKWU, E., UNEKE, C. J. Lassa fever in West African
sub-region: an overview. J. Vector Borne Dis. 2007, 44, 1-11.

163. OKWARE, S. I, OMASWA, F. G., ZARAMBA, S., OPIO, A., LUTWAMA, J.
J., KAMUGISHA, J., RWAGUMA, E. B., KAGWA, P., LAMUNU, M. An outbreak
of Ebola in Uganda. Trop. Med. Int. Health. 2002, 7, 1068-75.

164. OMOLEKE, S. A., MOHAMMED, I., SAIDU, Y. Ebola Viral Disecase in West
Africa: A Threat to Global Health, Economy and Political Stability. J. Public Health
Afr. 2016, 7, 534.

120



165. PAPA, A., JOHNSON, A. M., STOCKTON, P. C., BOWEN, M. D,
SPIROPOULOU, C. F., ALEXIOU-DANIEL, S., KSIAZEK, T. G., NICHOL, S. T,
ANTONIADIS, A. Retrospective serological and genetic study of the distribution of
hantaviruses in Greece. J. Med. Virol. 1998, 55, 321-7.

166. PAPA, A., ANTONIADIS, A. Hantavirus infections in Greece--an update. Eur.

J. Epidemiol. 2001, 17, 189-94.

167. PENSIERO, M. N., HAY, J. The Hantaan virus M-segment glycoproteins G1
and G2 can be expressed independently. J. Virol. 1992, 66, 1907-14.

168. PETTERSON, R. F. Protein localization and virus assembly at intracellular
membranes. Curr. Top. Microbiol. Immunol. 1991, 170, 67-106.

169. PLYUSNIN, A., BEATY, B. J., ELLIOTT, R. M., GOLDBACH, R,
KORMELINK, R., LUNDKVIST, A., SCHMALJOHN, C. S., TESH, R. B. In: KING,
A. M. Q., ADAMS, M. J., CARSTENS, E. B., LEFKOWITZ, E. J. Virus Taxonomy. 9th
Edition, London: Academic Press in an imprint of Elsevier. 2012. p 725-741. ISBN 978-
0-12-384684-6.

170. PLYUSNIN, A., MORZUNOV, S. P. Virus evolution and genetic diversity of
hantaviruses and their rodent hosts. In. SCHMALJOHN, C. S, NICHOL, S. T. (eds.),
Hantaviruses. 2001, (pp. 47-75). Berlin: Spinger-Verlag.

171. PLYUSNIN, A., NEMIROV, K., APEKINA, N., PLYUSNINA,
A., LUNDKVIST, A., VAHERI, A. Dobrava hantavirus in Russia. Lancet. 1999,
353, 207.

172.  PLYUSNINA, A., KRAJINOVIC, L. C. MARGALETIC, J., NIEMIMAA,
J,NEMIROV, K. LUNDKVIST, A.MARKOTIC, A., MILETIC-MEDVED,
M., AVSIC-ZUPANC, T., HENTTONEN, H., PLYUSNIN, A. Genetic evidence for
the presence of two distinct hantaviruses associated with Apodemus mice in Croatia
and analysis of local strains. J. Med. Virol. , 2011, 83, 108-14.

173. POPUGAEVA, E., WITKOWSKI, P. T., SCHLEGEL, M., ULRICH, R. G,
AUSTE, B., RANG, A., KRUGER, D. H., KLEMPA, B. Dobrava-Belgrade
hantavirus from Germany shows receptor usage and innate immunity induction

consistent with the pathogenicity of the virus in humans. PloS One. 2012, 7, e35587.

121



174. POSADA, D. Selecting models of evolution. In: LEMEY, P., SALEMI, M.,
VANDAMME, A.-M. (eds.) The Phylogenetic Handbook. 2nd Edition, Cambridge:
Cambridge University Press. 2009. p 351-353. ISBN 978-0-521-73071-6.

175. POSADA, D., CRANDALL, K. A. Selecting the best-fit model of nucleotide
substitution. Syst. Biol. 2001, 50, 580-601.

176. RASO, G., LUGINBUHL, A., ADJOUA, C. A., TIAN-BL, N. T., SILUE, K. D.,
MATTHYS, B., VOUNATSOU, P., WANG, Y., DUMAS, M. E., HOLMES, E.,
SINGER, B. H., TANNER, M., N'GORAN, E. K., UTZINGER, J. Multiple parasite
infections and their relationship to self-reported morbidity in a community of rural
Cote d'Ivoire. Int. J. Epidemiol. 2004, 33, 1092-1102.

177. RAZZAUTI, M., PLYUSNINA, A.,, HENTTONEN, H., PLYUSNIN, A.
Accumulation of point mutations and reassortment of genomic RNA segments are
involved in the microevolution of Puumala hantavirus in a bank vole (Myodes
glareolus) population. J. Gen. Virol. 2008, 89, 1649-60.

178. RAZZAUTI, M., PLYUSNINA, A., HENTTONEN, H., PLYUSNIN, A.
Microevolution of Puumala hantavirus during a complete population cycle of its host,
the bank vole (Myodes glareolus). PLoS One. 2013, 8, e64447.

179. RAZZAUTI, M., PLYUSNINA, A., SIRONEN, T., HENTTONEN,
H., PLYUSNIN, A. Analysis of Puumala hantavirus in a bank vole population in
northern Finland: evidence for co-circulation of two genetic lineages and frequent
reassortment between strains. J. Gen. Virol. 2009, 90, 1923-31.

180. RIZVANOV, A. A., KHAIBOULLINA, S. F.,ST JEOR, S. Development of
reassortant viruses between pathogenic hantavirus strains. Virology. 2004, 327, 225-
32.

181. RODHAIN, F., ROSEN, L. "Mosquito Vectors and Dengue Virus-Vector
Relationships." In: GUBLER, D. J., KUNO, G. (eds.), Dengue and Dengue
Hemorrhagic Fever. 2001, (pp 45—60). Cambridge: CABL

182. ROMEIRO, M. F.,SOUZA, W. M. TOLARDO, A. L., VIEIRA, L.
C.,COLOMBO, T. E., AQUINO, V. H., NOGUEIRA, M. L., FIGUEIREDO, L. T.
Evaluation and optimization of SYBR Green real-time reverse transcription
polymerase chain reaction as a tool for diagnosis of the Flavivirus genus in Brazil.

Rev. Soc. Bras. Med. Trop. 2016, 49, 279-85.

122



183. RONQUIST, F., VAN DER MARK, P., HUELSENBECK, J. P. Bayesian
phylogenetic analysis using MrBayes. In: LEMEY, P., SALEMI, M., VANDAMME,
A.-M. (eds.) The Phylogenetic Handbook. 2nd Edition, Cambridge: Cambridge
University Press. 2009. p 210-228. ISBN 978-0-521-73071-6.

184. RUSSMANN, S., GRATTAGLIANO, I., PORTINCASA, P., PALMIERI, V.
0., PALASCIANO, G. Ribavirin-induced anemia: mechanisms, risk factors and
related targets for future research. Curr. Med. Chem. 2006, 13, 3351-7.

185. RUST, R. S. Human arboviral encephalitis. Semin. Pediatr. Neurol. 2012, 19,
130-51.

186. SAFRONETZ, D., FALZARANO, D., SCOTT, D. P., FURUTA, Y.,
FELDMANN, H., GOWEN, B. B. Antiviral efficacy of favipiravir against two
prominent etiological agents of hantavirus pulmonary syndrome. Antimicrob. Agents
Chemother. 2013, 57, 4673-80.

187. SAFRONETZ, D., HADDOCK, E., FELDMANN, F., EBIHARA, H.,
FELDMANN, H. In virtro and in vivo activity of ribavirin against Andes virus
infection. PLoS One. 2011, 6, €23560.

188. SAFRONETZ, D., HEDGE, N. R., EBIHARA, H., DENTON, M., KOBINGER,

G. P, ST. JEOR, S., FELDMANN, H., JOHNSON, D. C. Vesicular Stomatitis
Virus-Based Vaccine Protects Hamsters Against Lethal Challenge With Andes Virus.
J. Virol. 2009, 83, 7285-7295.

189. SAKSIDA, A., DUH, D., KORVA, M., AVSIC-ZUPANC, T. Dobrava virus
RNA load in patients who have hemorrhagic fever with renal syndrome. J. Infect.
Dis. 2008, 197, 681-5.

190. SAYER, W. J., ENTWHISLE, G., UYENO, B., BIGNALL, R. C. Cortisone
therapy of early epidemic hemorrhagic fever: a preliminary report. Ann. Intern. Med.
1955, 42, 839-51.

191. SCHILLING, S.,EMMERICH, P.,KLEMPA, B., AUSTE, B., SCHNAITH,
E.,SCHMITZ, H., KRUGER, D. H. GUNTHER, S. MEISEL, H. Hantavirus
disease outbreak in Germany: limitations of routine serological diagnostics and
clustering of virus sequences of human and rodent origin. J. Clin. Microbiol. 2007,

45, 3008-14.

123



192. SCHLEGEL, M., KLEMPA, B., AUSTE, B., BEMMANN, M., SCHMIDT-
CHASANIT, J., BUCHNER, T., GROSCHUP, M. H., MEIER, M., BALKEMA-
BUSCHMANN, A., ZOLLER, H., KRUGER, D. H., ULRICH, R. G. Dobrava-
belgrade virus spillover infections, Germany. Emerg. Infec. Dis. 2009. 15, 2017-20.

193.  SCHMALJOHN, C. S. Vaccines for hantaviruses: progress and issues. Vaccines.
2012, 11, 511-513.

194. SCHMALIJOHN, C. S., NICHOL, S. T. Bunyaviridae. In: KNIPE, D. M.,
HOWLEY, P. M., (eds.) Fields Virology, Vol. 2, 5th edn. Philadelphia: Lippincott
Williams & Wilkins, 2007: 1741-1789.

195. SCHMALJOHN, C. Vaccine for hantaviruses. Vaccine. 2009, 5, 27.

196. SCHMIDT, H. A., HAESLER, A. Phylogenetic inference using maximum
likelihood methods: theory. In: LEMEY, P., SALEMI, M., VANDAMME, A.-M. (eds.)
The Phylogenetic Handbook. 2nd Edition, Cambridge: Cambridge University Press.
2009. p 210-228. ISBN 978-0-521-73071-6.

197. SCHMIDT-CHANASIT, J., ESSBAUER, S., PETRAITYTE, R,
YOSHIMATSU, K., TACKMANN, K., CONRATHS, F. J., SASNAUSKAS, K.,
ARIKAWA, J., THOMAS, A., PFEFFER, M., SCHARNINGHAUSEN, 1J. J,
SPLETTSTOESSER, W., WENK, M., HECKEL, G., ULRICH, R. G. Extensive host
sharing of central European Tula virus. J. Virol. 2010, 84, 459-474.

198. SCHONRICH, G., KRUGER, D. H., RAFTERY, M. J. Hantavirus-induced
disruption of the endothelial barrier: neutrophils are on the payroll. Front. Microbiol.
2015, 6, 222.

199. SCHULTZE, D., LUNGKVIST, A., BLAUENSTEIN, U., HEYMAN, P. Tula
virus infection associated with fever and exanthema after a wild rodent bite. Eur. J.
Clin. Microbiol. Infect. Dis. 2002, 21, 304-6.

200. SCHWARZ, G. E. “Estimating the dimension of a model”. Annals of Statistics.
1978, 6, 461-464.

201. SEJVAR, J. J. West Nile Virus: An Historical Overview. Ochsner J. 2003, 5, 6-
10.

202. SIBOLD, C., ULRICH, R., LABUDA, M., LUNDKVIST, A., MARTENS, H.,
SCHUTT, M., GERKE, P., LEITMEYER, K., MEISEL, H., KRUGER, D. H.

Dobrava hantavirus causes hemorrhagic fever with renal syndrome in central Europe

124



and is carried by two different Apodemus mice species. J. Med. Virol. 2001, 63, 158-
67.

203. SIBOLD, C., MEISEL, H.,, KRUGER, D. H. LABUDA, M., LYSY,

J., KOZUCH, O., PEJCOCH, M., VAHERI, A., PLYUSNIN, A. Recombination in
Tula hantavirus evolution: analysis of genetic lineages from Slovakia. J. Virol. 1999,

73, 667-75.

204. SIDWELL, R. W., HUFFMAN, J. H., KHARE, G. P. ALLEN, L. B,

WITKOWSKI, J. T., ROBINS, R. K. Broad-spectrum antiviral activity of Virazole:
1-beta-D-ribofuranosyl-1,2,4-triazole-3-carboxiamide. Science. 1972, 177, 705-6.

205. SIMMONDS, P., BECHER, P., COLLETT, M. S., GOULD, E. A., HEINZ, F. X.,

MEYERS, G., MONATH, T., PLETNEV, A., RICE, C. M., STIASNY, K., THIEL, H.-
J., WEINER, A., BUKH, J. In: KING, A. M. Q., ADAMS, M. J., CARSTENS, E. B,,
LEFKOWITZ, E. J. Virus Taxonomy. 9th Edition, London: Academic Press in an
imprint of Elsevier. 2012. p 1002-1020. ISBN 978-0-12-384684-6.

206. SINGH, K. K., JOSHI, S. C., MATHELA, C. S. Synthesis and antimicrobial

activity of N-alkyl and N-aryl piperazine derivatives. Indian J. Chem. 2011, S0B,
196-200.

207. SMITH, D. B., BECHER, P., BUKH, J., GOULD, E. A., MEYERS, G,

MUERHOFF, A. S., PLETNEV, A., RICO-HESSE, R., STAPLETON, J. T,
SIMMONDS, P. Proposed update to the taxonomy of the genera Hepacivirus and
Pegivirus within the Flaviviridae family. J. Gen. Virol. 2016, 97, 2894-2907.

208. SMITHBURN, K., HUGHES, T., BURKE, A. A neurotropic virus isolated from

the blood of a native of Uganda. Am. J. Trop. Med. 1940, 20, 471-492.

209. SONG, J. W., BAEK, L. J,, SCHMALJOHN, C. S., YANAGIHARA, R.

Thottapalayam Virus, a Prototype Shrewborne Hantavirus. Emerg. Infect. Dis. 2007a,
13, 980-985.

210. SONG,J. W., GU, S. H., BENNETT, S. N., ARAI S., PUORGER, M., HILBE,

M., YANAGIHARA, R. Seewis virus, a genetically distinct hantavirus in the

Eurasian common shrew (Sorex araneus). Virology Journal,. 2007b, 4, 114.

211.  SONG, J. W, KANG, H. J., SONG, K. J.,, TRUONG, T. T., BENNETT, S. N.,

ARAI S., TRUONG, N. U., YANAGIHARA, R. Newfound hantavirus in Chinese
mole shrew, Vietnam. Emerg. Infect. Dis. 2007¢, 13, 1784-7.

125



212.  SONG,J. Y., WOO, H. J., CHEONG, H. J., NOH, J. Y., BAEK, L. J., KIM, W.
J. Long-term immunogenicity and safety of inactivated Hantaan virus vaccine
(Hantavax™) in healthy adults. Vaccine. 2016, 34, 1289—1295.

213.  SPIROPOULOU, C. F. Hantavirus maturation. Curr. Top. Microbiol. Immunol.
2001, 256, 33-46.

214. STAPLETON, J. T., FOUNG, S., MUERHOFF, A. S., BUKH, J., SIMMONDS,
P. The GB viruses: a review and proposed classification of GBV-A, GBV-C (HGV),
and GBV-D in genus Pegivirus within the family Flaviviridae. J. Gen. Virol. 2011.
92, 233-46.

215. STRAKOVA, P., DUFKOVA, L., SIRMAROVA, J., SALAT,
J., BARTONICKA, T., KLEMPA, B.PFAFF, F. HOPER, D., HOFFMANN,
B., ULRICH, R. G., RUZEK, D. Novel hantavirus identified in European bat species
Nyctalus noctula. Infect. Genet. Evol. 2017, 48, 127-130.

216. STREETER, D. G., WITKOWSK]I, J. T., KHARE, G. P., SIDWELL, R. W.,
BAUER, R. J., ROBINS, R. K., SIMO, L. N. Mechanism of action of 1- -D-
ribofuranosyl-1,2,4-triazole-3-carboxamide (Virazole), a new broad-spectrum
antiviral agent. Proc. Natl. Acad. Sci. U.S.A. 1973, 70, 1174-8.

217. STUDER, E., BERTONI, G., CANDRIAN, U. Detection and characterization of
pestivirus contaminations in human live viral vaccines. Biologicals. 2002, 30, 289-
96.

218.  SUEBLINVONG, V., JOHNSON, D. W., WEINSTEIN, G. L., CONNOR, M. J.
Jr., CROZIER, 1., LIDDELL, A. M., FRANCH, H. A., WALL, B. R., KALIL A. C,,
FELDMAN, M., LISCO, S. J., SEVRANSKY, J. E. Critical Care for Multiple Organ
Failure Secondary to Ebola Virus Disease in the United States. Crit. Care Med.
2015, 43, 2066-75.

219. SUMIBCAY, L., KADJO, B., HUN GU, S., KANG, H. J., LIM, B. K., COOK,
J. A.,. SONG, J.-W., YANAGIHARA, R. Divergent lineage of a novel hantavirus in
the banana pipistrelle (Neoromica nanus) in Cote d’Ivoire. Virology Journal. 2012, 9,
1-6.

220. SZABO, R. Antiviral therapy and prevention against hantavirus infections. Acta
Virol. 2017, 61, 3-12.

126



221. TAPIA, M., MANSILLA, C., VERA, J. Sindrome pulmonar por hantavirus:
Experienciaclinica en diagnostico y tratamiento. Hospital Coyhaique-Chile Rev. Chil.
Infect. 2000, 17, 258-269.

222. TAYLOR, S. L., WAHL-JENSEN, V., COPELAND, A. M., JAHRLING, P. B.,
SCHMALJOHN, C. S. Endothelial cell permeability during hantavirus infection
involves factor XII-dependent increased activation of the kallikrein-kinin system.
PLoS Pathog. 2013, 9, 1003470

223. TERRAULT, N. A,, DODGE, J. L., MURPHY, E. L., TAVIS, J. E., KISS, A,
LEVIN, T. R., GISH, R. G., BUSCH, M. P., REINGOLD, A. L., ALTER, M. J.
Sexual transmission of hepatitis C virus among monogamous heterosexual couples:
the HCV partners study. Hepatology. 2013, 57, 881-9.

224. THOMA, B. R, MULLER, J., BASSLER, C., GEORGI, E., OSTERBERG,
A., SCHEX, S.,BOTTOMLEY, C., ESSBAUER, S. S.. Identification of factors
influencing the Puumala virus seroprevalence within its reservoir in aMontane Forest
Environment. Viruses. 2014, 6, 3944-67.

225. THOMAS, S. J., ENDY, T. P. Critical issues in dengue vaccine development.
Curr. Opin. Infect. Dis. 2011, 24, 442-450.

226. TISCHLER, N. D., GONZALEZ, A., PEREZ-ACLE, T., ROSEMBLATT, M.,
VALENZUELA, P. D. Hantavirus Gc glycoprotein: evidence for a class II fusion
protein. J. Gen. Virol. 2005, 86, 2937-47.

227. ULRICH, R., NASSAL, M., MEISEL, H., KRUGER, D. H. Core particles of
hepatitis B virus as carrier for foreign epitopes. Adv. Virus. Res. 1998, 50, 141-182.
228. VAHERI A., HENTTONEN, H., VOUTILAINEN, L., MUSTONEN,
J., SIRONEN, T., VAPALAHTI, O. Hantavirus infections in Europe and their impact

on public health. Rev. Med. Virol. 2013, 23, 35-49.

229. VANDAMME, A.-M. Basic concepts of molecular evolution. In: LEMEY, P.,
SALEMI, M., VANDAMME, A.-M. (eds.) The Phylogenetic Handbook. 2nd Edition,
Cambridge: Cambridge University Press. 2009. p 23-29. ISBN 978-0-521-73071-6.

230. VAPALAHTI, O.,LUNDKVIST, A. FEDOROV, V. CONROY, C.
J., HIRVONEN, S.,PLYUSNINA, A.,NEMIROV, K., FREDGA, K., COOK, 1J.
A.,NIEMIMAA, ], KAIKUSALO, A, HENTTONEN, H. VAHERIL, A,

PLYUSNIN, A. Isolation and characterization of a hantavirus from Lemmus

127



sibiricus: evidence for host switch during hantavirus evolution. J. Virol. 1999, 73,
5586-92.

231. VIAL, P. A., VALDIVIESO, F., FERRES, M., RIQUELME, R., RIOSECO, M.
L., CALVO, M., CASTILLO, C., DIAZ, R., SCHOLZ, L., CUIZA, A., BELMAR,
E., HERNANDEZ, C., MARTINEZ, J., LEE, S. J., MERTZ, G. J.; HANTAVIRUS
STUDY GROUP IN CHILE. High-dose intravenous methylprednisolone for
hantavirus cardiopulmonary syndrome in Chile: a double-blind, randomized
controlled clinical trial. Clin. Infect. Dis. 2013, 57, 943-51.

232.  WEISS, S., WITKOWSKI, P. T., AUSTE, B., NOWAK, K., WEBER, N.,
FAHR, J., MOMBOULIL, J.-V., WOLFE, N. D., DREXLER, J. F., DROSTEN, CH.,
KLEMPA, B., LEENDERTZ, F. H., KRUGER, D. H. Hantavirus in Bat, Sierra
Leone. Emerg. Infect. Dis. 2012, 18, 159-161.

233. WITKOWSKI, P. T.DREXLER, J. F.,KALLIES, R, LICKOVA,
M., BOKOROVA, S., MANANGA, G. D., SZEMES, T., LEROY, E. M., KRUGER,
D. H., DROSTEN, C., KLEMPA, B. Phylogenetic analysis of a newfound bat-
borne hantavirus supports a laurasiatherian host association for ancestral mammalian
hantaviruses. Infect. Genet. Evol. 2016, 41, 113-9.

234,  WORLD HEALTH ORGANIZATION. Ebola haemorrhagic fever in Sudan,
1976. Report of an International Convention. Bulletin of the World Health
Organization. 1978a, 56, 247-270.

235,  WORLD HEALTH ORGANIZATION. Ebola haemorrhagic fever in Zaire,
1976. Report of an International Convention. Bulletin of the World Health
Organization. 1978b, 56, 271-293.

236.  WORLD HEALTH ORGANIZATION. Ebola virus haemorrhagic fever,
Democratic Republic of Congo - Update. Weekly Epidemiological Record. 2007, 82,
345-346.

237. XU, Z., WEIL L., WANG, L., WANG, H., JIANG, S. The in vitro and in vivo
protective activity of monoclonal antibodies directed against Hantaan virus: potential
application for immunotherapy and passive immunization. Biochem. Biophys. Res.
Commun. 2002, 298, 552-8.

238.  YANAGITA, M., KUWAMURA, Y., KINOSHITA, S., NAKAJIMA,
T,, TOMIZAWA, S.,OZAWA, T. [Development of a Real-Time Reverse

128



Transcription PCR Assay System for Detection of Three Subtypes of Influenza A
and Influenza B Viruses]. Rinsho Byori. 2015, 63, 1365-70.

239.  YI, M., KANEKO, S., YU, D. Y., MURAKAMI, S., Hepatitis C virus envelope
proteins bind lactoferrin. J. Virol. 1997, 71, 5997-6002.

240. YUAN,Z. G,LL X. M, MAHMMOD, Y. S.,WANG, X. H., XU, H.
J., ZHANG, X. X. A single immunization with a recombinant canine adenovirus type
2 expressing the seoul virus Gn glycoprotein confers protective immunity against
seoul virus in mice. Vaccine. 2009, 27, 5247-51.

241. ZHANG, X. K., TAKASHIMA, 1., HASHIMOTO, N. Characteristics of passive
immunity against hantavirus infection in rats. Arch. Virol. 1989, 105, 235-46.

242. ZHONG, Q., YANG, Z. LIU, Y. DENG, H. XIAO, H. SHI, L.,HE, J.
Antiviral activity of Arbidol against Coxsackie virus B5 in vitro and in vivo. Arch.

Virol. 2009, 154, 601-7.

129



Internet resources:

web source 1: www.who.int/iris/bitstream/10665/.../9789241564540 eng.pdf

web source 2:
https://talk.ictvonline.org/files/ictv_official taxonomy updates since the 8th report/m
/animal-dsrna-and-ssrna--viruses/6640

web source3: https://talk.ictvonline.org/taxonomy/

web source 4: http://www.who.int/mediacentre/factsheets/fs164/en/

web source 5: https://www.cdc.gov/zika/geo/

web source 6: http://viralzone.expasy.org/all_by species/24.html

web source 7: https://www.cdc.gov/yellowfever/transmission/index.html

web source 8: https://www.cdc.gov/westnile/resources/pdfs/BirdSpecies1999-2012.pdf
web source 9: https://www.cdc.gov/westnile/transmission/index.html

web source 10: http://www.who.int/tdr/publications/documents/dengue-diagnosis.pdf
web source 11: https://www.cdc.gov/yellowfever/vaccine/

web source 12:
https://wwwnc.cdc.gov/travel/yellowbook/2016/infectious-diseases-related-to-

travel/yellow-fever

130



APPENDIX 1

Table 12: List of used aryl-piperazine derivates

Symbol | Structure Molar mass
2CI3Cl1 cl 526.06
0
2Cl13C2 cl PN 546.48
| \] NN N c
V/ \_/
o
F
2Cl13C3 530.03
2CI3C5 N:> 514.02
\_
2Cl13C6 N— 513.03
\_/
2CI13C8 512.04
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Table 12: continuation List of used aryl-piperazine derivates

o CHa
2C13C9 542.07
2CI3C10 530.03
F
2CI13C13 636.61
2Cl4C1 CHs 540.09
2Cl4C4 571.07
NO,
2Cl4C5 N 528.04
\ N/>
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Table 12: continuation List of used aryl-piperazine derivates

2Cl4C6 527.06

N—

N

\_/
2Cl4C7 528.04
2ClI4C8 526.07
2Cl14C10 544.06
2ClI4C12 570.12
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APPENDIX 2

Table 13: List of title sequences used in phylogenetic and sequence analyses

Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

KU529945
KT315634
KT315632
KT315630
KT315629
KJ425422
KJ182938
KJ182937
KF536035
KF536033
KF536032
KF536031
KF425496
KF425497
KF425495
JQ026206
GU904042
GU904039
KM192209
KM192208
KM192207
KT315633
KT315631
KT315628
KT315627
KP878310
KP878309
KP878308
KT885041
KF776735
KF776720
KF776718
KF776717
KF776716
KF776715
KF776714
KF776709

Sochi/hu

Igneada/89A1£/2009
Igneada/57A1£/2009
Igneada/13Af/2009
Igneada/09A£/2009

Mu05_0239
Mu08 0118
Mu07 0293

Richtenberg/H827/12
Neuruppin/H431/10

Westergellersen/H91/08

Stockelsdorf/H90/08

LT-RS2
LT-RS3
LT-RSI
GRW/Aa
Slo/Af-BER
SK/Aa
Ap/Sochi/43
Ap/Sochi/79
Sochi/6882/hu

Igneada/84Af/2009
Igneada/32A£/2009
Igneada/03A£/2009
Igneada/02Af/2009
10752/hu
10645/Ap
10636/Ap
Stamforrad/POR
HtSi 375 p2012
HtSi 299 p2010
HtSi 286 p2009
HtSi 279 p2008
HtSi 275 p2008
HtSi 273 p2008
HtSi 270 p2008
HtSi 239 p2008

Krautkramer et al. , 2016

Polat et al., 2015
Polat et al., 2015
Polat et al., 2015
Polat et al., 2015

Hofmann et al., 2014
Hofmann et al., 2014
Hofmann et al., 2014
Hofmann et al., 2014
Hofmann et al., 2014
Hofmann et al., 2014
Hofmann et al., 2014
Nikolic et al., 2013
Nikolic et al., 2013
Nikolic et al., 2013
Popugaeva et al., 2012
Kirsanovs et al., 2010
Kirsanovs et al., 2010
Kruger et al., 2015
Kruger et al., 2015
Kruger et al., 2015
Polat et al., 2015

Polat et al., 2015
Polat et al., 2015
Polat et al., 2015
Kruger et al., 2015
Kruger et al., 2015
Kruger et al., 2015

Miles & Lewandowski, 2015

Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
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Table 13: continuation

Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

KF776707
KF776706

KF776705
KF776704
KF776703
KF776702
KF776701
KF776700
KF776698
KF776697
KF776696
KF776695
KF776694
KF776693
KF776692
KF776690
KF776689
KF776688
KF776687
KF776686
KF776685
KF776653
KF776649
KF776648
KF776647
KF776646
KF776645
KF776644
KF776643
KF776642
KF776641
KF776640
KF776639
KF776638
KF776637
KF776636
KF776635
KF776634

HtSi 231 p2007
HtSi 207 p2005

HtSi 130 p2000

HtSi 1033 22001
HtSi 1034 a2001
HtSi 1013 22002
HtSi 1014 22002
HtSi 1042 a2008
HtSi_1009 a1995
HtSi 1043 a1995
HtSi 1040 a1999
HtSi 1016 al995
HtSi 1017 a1995
HtSi 1015 al995
HtSi 1021 al995
HtSi 1039 a1996
HtSi 1026 al995
HtSi 1028 a1995
HtSi 1029 a1995
HtSi 1027 al995
HtSi 1032 _a2001
HtSi 1030 al995
HtSi 1037 22001
HtSi 1035 a2002
HtSi 1038 22002
HtSi 1036 a2001
HtSi 1031 a2001
HtSi_1090 22000
HtSi_ 1022 _a2000
HtSi 1025 22000
HtSi 1024 22000
HtSi 1023 a2000
HtSi 1019 22007
HtSi 1018 a2007
HtSi 1010 a2007
HtSi 1011 22007
HtSi 1041 a2005
HtSi 1012 al997

Korva et al., 2013
Korva et al., 2013

Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
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Table 13: continuation

Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

KF776632
KF776631
KF776633
KF776630
KF776629
KF776628
KF776627
KF776626
KF776624
KF776623
KF776620
KF776619
KF776618
KF776615
KF776614
KF776613
KF776610
KF776609
KF776600
KF776597
KF776596
KF776590
KF776586
KF776585
KF776583
KF776582
KF776581
KF776578
KF776564
KF776557
KF039740
KF177177
KF177176
JF920148

NC_005235

AJ410617
AB297667

HtSi 1097 al1995
HtSi 1091 a1997
HtSi 1092 a1997
HtSi 1096 a1995
HtSi 1095 a1997
HtSi 1094 a1998
HtSi 1008 a1999
HtSi 1044 a1999
HtSi 1020 a2008
HtSi 193 p2005
HtSi 301 p2010
HtSi 297 p2010
HtSi 268 p2008
HtSi 256 p2008
HtSi 215 p2005
HtSi 200 p2005
HtSi 135 p2001
HtSi 132 p2000
HtSi 300 p2010
HtSi 276 p2008
HtSi 274 p2008
HtSi 1093 a1996
HtSi 232 p2007
HtSi 221 p2006
HtSi 504 p2012
HtSi 498 p2012
HtSi 492 p2012
HtSi 465 p2012
HtSi 397 p2012
HtSi 353 p2012
Istanbul/H56/10

DOBV _RAV71

DOBV_RAV69

Ap/Sochi/hu
DOBV/Ano-
Poroia/Af19/1999
DOBV/Ano-
Poroia/Af19/1999

DTK/Ufa-97

Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Ettinger et al., 2013

Stanojevic et al., 2013
Stanojevic et al., 2013
Dzagurova et al., 2012

Nemirov et al., 2002

Nemirov et al., 2002

Abu Daude et al., 2008
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Table 13: continuation

Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

AB574183
AB574184
AYS526217
EF405801

JN831945

KF776554
KF776555
KF776556
KF776558
KF776559
KF776560
KF776561

KF776562
KF776563
KF776566
KF776567
KF776568
KF776573
KF776579
KF776580
KF776584
KF776591

KF776593
KF776594
KF776595
KF776599
KF776602
KF776603
KF776605
KF776616
KF776617
KF776622
KF776650
KF776651

KF776652
KF776655
KF776656

Samara 49/CG/2005
Samara 94/CG/2005
Umea/hu

Kazan

PUUV/Pieksamaki/Mg7/2008

HtSi 369 p2012
HtSi 368 p2012
HtSi 335 p2012
HtSi 357 p2012
HtSi 437 p2012
HtSi 341 p2012
HtSi 374 p2012
HtSi 377 p2012
HtSi 379 p2012
HtSi 400 p2012
HtSi 402 p2012
HtSi 410 p2012
HtSi 417 p2012
HtSi 483 p2012
HtSi 485 p2012
HtSi 315 p2011
HtSI 1098 a2005
HtSi 137 p2001
HtSi 254 p2008
HtSi 290 p2010
HtSi 280 p2008
HtSi 342 p2012
HtSi 390 p2012
HtSi 419 p2012
HtSi 269 p2008
HtSi 250 p2008
HtSi 283 p2009
HtSi 1061 a2002
HtSi 1068 a1998
HtSi 1063 a1999
HtSi_1070 21999
HtSi 1076 22006

Seto et al., 2011
Seto et al., 2011

Johansson et al., 2004
Nemirov et al., 2003
Plyusnina et al., 2012

Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
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Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

KF776657
KF776658
KF776659
KF776660
KF776662
KF776663
KF776668
KF776670
KF776677
KF776678
KF776679
KF776680
KF776691
KF776708
KF776710
KF776711
KF776713
KF776719
KF776721
KF776723
KF776724
KF776725
KF776726
KF776727
KF776728
KF776730
KF776731
KJ994778
M63194

NC 005225

JX028271
IX046485
IX046482
JX131293
JX131290
JX131287
EF646763

HtSi 1069 a1999
HtSi_ 1072 al1999
HtSi 1067 al1998
HtSi_ 1071 al1999
HtSi_ 1065 al1996
HtSi 1066 a1996
HtSi_ 1050 a1995
HtSi 1057 al1995
HtSi 1045 a1993
HtSi_ 1046 _al1993
HtSi 1060 al1993
HtSi_ 1048 al1993
HtSi_ 1077 _a2011
HtSi 235 p2007
HtSi_246 p2008
HtSi 247 p2008
HtSi 267 p2008
HtSi 293 p2010
HtSi 336 p2012
HtSi_346 p2012
HtSi_355 p2012
HtSi 363 p2012
HtSi_366 p2012
HtSi 384 p2012
HtSi 387 p2012
HtSi_403 p2012
HtSi 418 p2012
Mu/07/1219
CG1820
Sotkamo

1.nov

5.nov

4 nov

21.nov

19.nov

16.nov

PH-1

Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Alietal., 2014

Stohwasser et al., 1991
Piiparinen et al., 2011

Lee et al., 2014
Leeetal., 2014
Leeetal., 2014
Lee et al., 2014
Leeetal., 2014
Lee et al., 2014
Song et al., 2007
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Acc. No.

Strain (Isolate)

Reference

L segment tree DOBV/PUUV

JX316008
JF915740
AB677488
NC_003468
TX443696
NC 005217
KP013558
KP013565
KP013561
KP013560
KP013563
KP013559
KP013562
KP013556
KP013564
KP013557
KPO013566
KP013567
HQ728466
NC 005226
HQ728463
HQ728461
HQ728455
HQ728457
HQ728459
HQ728462
HQ728453
HQ728454
FJ495100

FJ495102
NC 005222
JQ082302
NC 005238

B41

YNO5-7
Khekhtsir37L/2002
Chile-9717869
H731172/BRA259
NM H10
Mm/173-11
Mm/5779-09
Mm/340-08
Mm/302-08
Mm/560-11
Mm/296-08
Mm/554-11
Mm/98-08
Mm/603-11
Mm/172-11
Mm/5844-09
Ma/5990-09
GER/125/Marv
Moravia/5302v/95
GER/39/Marv
GER/08/525/Marv
CH/09/1026/Arv
GER/109/Arv
GER/152/Arv
GER/20/Marv
GER/08/712/Arv
GER/09/815/Arv

TULV/Sestrze/Mag98 02

TULV/Sred ob
Dravi/Ms51 97

76-118
SA14
80-39

Pounder,K.C. et al., 2013

Zv0,S.-Q. et al., 2011
Kariwa,H. et al., 2012

Meissner J. D. et al., 2002

Firth C. et al., 2012

Chizhikov,V.E. et al., 1995

Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Tkachenko et al., 2015
Schlegel et al., 2012
Kukkonen et al., 1998
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Schlegel et al., 2012
Korva et al., 2009

Korva et al., 2009
Schmaljohn, 1990
Klempa et al., 2012
Antic et al., 1991
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Acc. No.

Strain (Isolate)

Reference

S segment tree PUUV

ABO010730
ABO010731
ABO11630
AB297665
AB433842
AB433844
AB433845
AB675450
AB675459
AB675462
AB675463
AB675464
AB675466
AB675469
AB675471
AB675472
AB675474
AB675477
AB675478
AB675479
AB675480
AF294652
AF367064
AF367065
AF367066
AF367068
AF367069
AF367070

AF411446
AF411447
AF442613
AJ011646
AJ223368
AJ223369
AJ223371
AJ223374
AJ223375

Kamiiso-8Cr-95
Tobetsu-60Cr-93
Vladivostok 1M1{95
DTK/Ufa-97
Samara 6/CG/2005
Samara 68/CG/2005
Samara 94/CG/2005
Tobetsu35S/2010
Kitahiyama77S/2008
Kitahiyamal24S/2008
Kitahiyamal28S/2008
Tobetsu89S/2000
Tobetsu57S/2004
Ishikari9S/2009
Nakagawa49S/2004
Nakagawa73S/2004
Kiritappul126S/2000
Shari6-10S/2010
ShariP5-3S/2010
ShariG2-1S-As/2010
Sakhaline96S/1998
Opina916

CG144

CGl168

CG215

CG315

CRF161

CRF308

F-s808

CG142
CG17/Baskiria-2001
Ls136V
Puu/Eidsvoll/1124v

Puu/Eidsvoll/Cgl1138/87
Puu/Huggberget/Cg36/94
Puu/Mellansel/Cg47/94
Puu/Mellansel/Cg49/94

Kariwa et al, 1999
Kariwa et al, 1999
Kariwa et al, 2008
Abu Daude et al, 2008
Kariwa et al, 2009
Kariwa et al, 2009
Kariwa et al., 2009
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Sanada et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Kariwa et al., 2012
Leitmeyer et al., 2001
Dekonenko et al., 2003
Dekonenko et al., 2003
Dekonenko et al., 2003
Dekonenko et al., 2003
Dekonenko et al., 2003

Dekonenko et al., 2003
Dekonenko and Morozov,
2001

Dekonenko et al., 2003
Dekonenko et al., 2003
Vapalahti et al., 1999
Lundkvist ef al., 1998
Lundkvist ef al., 1998
Lundkvist et al., 1998
Lundkvist ef al., 1998
Lundkvist et al., 1998

140



Table 13: continuation

Acc. No.

Strain (Isolate)

Reference

S segment tree PUUV

AJ223376
AJ223377
AJ223380
AJ238779
AJ238788
AJ238789
AJ238790
AJ238791
AJ277030
AJ277031
AJ277032
AJ277033
AJ277034
AJ277075
AJ277076
AJ278092
AJ278093
AJ314597
AJ314598
AJ314599
AJ314600
AJ314601
AJ888751
AJ888752
AM695638
AM746297
AM746298
AM746310
AM746311
AM746315
AM746316
AM746317
AM746318
AM746319
AM746320
AM746321
AM746324

Puu/Solleftea/Cg3/95
Puu/Solleftea/Cg6/95

Puu/Tavelsjo/Cg81/94

PUU/Cg-Erft
Karhumaki
Kolodozero
Gomselga

Fyn

Thuin/33Cg/96
Montbliart/23Cg/96
Momignies/47Cg/96
Momignies/55Cg/96
Couvin/59Cg/97
CG14444

CG14445

Fynl31

Fynl31
Pallasjarvi/63Cg/98
Baltic/49Cg/00
Baltic/205Cg/00
Balkan-1

Balkan-2

PUU/Klippitztoerl/Cg9/1995
PUU/Ernstbrunn/Cg641/1995
PUU/Mignovillard/CgY02/2005

Bussjo 95-1
Bussjo 95-2
Djaknebole 98-1
Djaknebole 98-2
Gumboda 98-1
Gumboda 98-2
Gumboda 98-3
Gumboda 98-4
Gumboda 98-5
Norum_ 98-1
Norum_98-2
Norum 98-5

Lundkvist ef al., 1998
Lundkvist et al., 1998
Lundkvist ef al., 1998
Heiske et al., 1999

Asikainen et al., 2000
Asikainen et al., 2000
Asikainen et al., 2000
Asikainen et al., 2000
Escutenaire et al., 2001
Escutenaire et al., 2001
Escutenaire et al., 2001
Escutenaire et al., 2001
Escutenaire et al., 2001
Escutenaire et al., 2001
Escutenaire et al., 2001
Asikainen et al., 2000
Asikainen et al., 2000
Sironen et al., 2001

Sironen et al., 2001

Sironen et al., 2001

Sironen et al., 2001

Sironen et al., 2001

Plyusnina et al., 2006
Plyusnina et al., 2006
Plyusnina et al., 2007
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
Johansson et al., 2008
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Acc. No. Strain (Isolate) Reference

S segment tree PUUV

AMT746325 Norum_98-6 Johansson et al., 2008
AM746328 Palbole 98-2 Johansson et al., 2008
AM746329 Palbole 98-3 Johansson et al., 2008
AM746331 Skaran 98-1 Johansson et al., 2008
AM930973 VLA/Barguzin/Mo483/2005  Plyusnina ef al., 2008
AY197740 Fusong48 Liu et al., 2003
AY217102 Fushun28 Liu et al., 2003
AY954722 Bavaria CG 9/04 Essbauer et al., 2006
AY954723 Bavaria CG 34/04 Essbauer et al., 2006
AY954724 Bavaria CB 20/04 Essbauer et al., 2006
AY954725 Bavaria CG 2/04 Essbauer et al., 2006
DQO016430 Bavaria CG 33/04 Essbauer et al., 2006
DQO016431 Bavaria CG 39/04 Essbauer et al., 2006
DQ094844 Heidelberg/hu Babhr et al., 2006
DQ138128 00-18 Song et al., 2007
DQ138133 96-1 Song et al., 2007
DQ138140 99-27 Song et al., 2007
DQ138142 99-28 Song et al., 2007
DQ322669 Cologne Mu05/241 Essbauer et al., 2007
DQ322672 Cologne Mu05/244 Essbauer et al., 2007
DQ322675 Cologne Mu05/258 Essbauer et al., 2007
DQ322678 Cologne Mu05/269 Essbauer et al., 2007
DQ322680 Cologne Mu05/272 Essbauer et al., 2007
DQ408268 Cologne Mu05/274 Essbauer et al., 2007
DQ408270 Cologne Mu05/277 Essbauer et al., 2007
DQ408271 Cologne Mu05/281 Essbauer et al., 2007
DQ408274 Cologne Mu05/286 Essbauer et al., 2007
DQ408275 Cologne Mu05/161 Essbauer et al., 2007
EF211819 Fusong 84-05 Tang and Li, 2007
EF442087 Fusong-Cr-247 Zhang et al., 2007
EF442091 Fusong-Cr-275 Zhang et al., 2007
EF488804 Fusong 114-05 Wu et al., 2007
EF488805 Fusong 843-06 Wu et al., 2007
EF488806 Fusong 900-06 Wu et al., 2007
EU004029 Bavaria/H139/04 Schilling et al., 2007
EU004030 Bavaria/H151/04 Schilling et al., 2007
EU004031 Bavaria/H201/04 Schilling et al., 2007
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Acc. No.

Strain (Isolate)
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EU004032
EU004033
EU004034
EU004035
EU004036
EU072480
EU072481
EU072482
EU072483
EU072484
EU085558
EU085559
EU085563
EU085565
EU085566
EU246962
EU246968
EU266757
EU266758
EU266759
EU266760
EU266761
EU266762
EU266763
EU266764
EU266765
EU266766
EU266767
EU266768
EU266769
EU266771
EU266772
EU439968
EU439969
EU439972
FJ170793

FJ170797

Bavaria/ClgM2/04
Bavaria/ClgM26/04
Bavaria/ClgM37/04
D208/04

Kobl3/05
Fusong-Mf-682
Fusong-Mf-731
Yakeshi-Mm-31
Yakeshi-Mm-59
Yakeshi-Mm-182
Hemmingen13
Weissach20
Leonberg42
Renningen50
Renningen54
Laufach133
Rechtenbach85

SJ/H101 Westerstetten/07
SJ/H233Stuttgart/07
SJ/H99Steinheim/07
SJ/H145Pfullingen/07
SJ/H85Albstadt/07
SJ/M4Albstadt/07
SJ/H81Mossingen/07
SJ/H232Sigmaringen/07
SJ/H231Remseck/07
BF/H72Waldkirchen/07
SF/H290Schluchtern/07
H127Karlsruhe/07
ML/M837Billerbeck/07
ML/H303Vreden/07
H68Essen/07

Bavaria 151/05

Bavaria 152/05

Bavaria 159/05
Yuanjiang-Mf-21
Shenyang-Mf-135

Schilling et al., 2007
Schilling et al., 2007
Schilling et al., 2007
Schilling et al., 2007
Schilling et al., 2007
Zou et al., 2008

Zou et al., 2008

Zou et al., 2008

Zou et al., 2008

Zou et al., 2008
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Schmidt-Chanasit, 2007
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Hofmann et al., 2008
Essbauer et al., 2010
Essbauer et al., 2010
Essbauer et al., 2010
Zou et al., 2008

Zou et al., 2008

143



Table 13: continuation

Acc. No.

Strain (Isolate)
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FN377821
FN377822
GQ339473
GQ339474
GQ339477
GQ339478
GQ339479
GQ339480
GQ339481
GQ339482
GQ339483
GQ339484
GQ339485
GQ339486
GU300138
GU300143
GUS08824
GUS08825
HES01633
IN657228
IN657229
JN657230
IN657231
IN696317
JN696318
IN696319
IN696320
IN696321
IN696322
JN696323
IN696324
IN696325
IN696326
IN696327
JN696328
IN696329
IN696330

PUUV/Mg9/HungaryTR17/00
PUUV/Mg23/HungaryTR17/00
Kiviniemi/Mg3/05
Kiviniemi/Mg5/05
Aijajarvi/Mg9/05
Jockfall/Mg12/05
Moskosel/Mg17/05
Gyttjea/Mg19/05
Ljustrask/Mg20/05
Kalvudden/Mg22/05
Bergsjobo/Mg25/05
Faboviken/Mg26/05
Mangelbo/Mg1/05
Munga/Mg2/05

Sen05/107

Sen05/176

Kuhmo/X5

Kuhmo/X11

Sotkamo 2009
PUUV/Jelgava/Mg149/2008
PUUV/Madona/Mg/99/2008
PUUV/Jelgava/Mg136/2008
PUUV/Jelgava/Mg140/2008
H400Samern/10
H581Zenting/10
H293Sinntal/10
H186Sasbach/10
H126Muenster/10
H137Bissendorf/10
H1560stercappeln/10
H163Friolzheim/10
H179Pforzheim/10

H203 Aschaffenburg/10
H244Wiesenbach/10
H266Stuttgart/10
H287Waldkirchen/10
H288Niederstetten/10

Plyusnina et al., 2009
Plyusnina et al., 2009
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Nemirov et al., 2010
Mertens et al., 2011
Essbauer et al., 2010
Sironen et al., 2010
Sironen et al., 2010
Kurolt et al., 2012
Razzauti et al., 2012
Razzauti et al., 2012
Razzauti ef al., 2012
Razzauti et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
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JN696331
JN696333
IN696334
JN696335
JN696336
IN696337
JN696339
JN696340
IN696341
JN696342
IN696344
JN696345
JIN696346
IN696348
JN696349
JN696351
IN696352
JN696353
IN696354
JN696355
JN696356
IN696357
JN696358
JN696360
IN696364
JN696365
IN696367
JN696368
JN696369
JN696371
JN696372
JN696373
IN696374
JN696375
IN696376
JN831943
JQ319161

H290Fulda/10
H347Melsungen/10
H357Bissendort/10
H3580stercappeln/10
H368Bad Iburg/10
H362Melle/10
H372Bissendorf/10
H3730snabrueck/10
H461Reutlingen/10
H467Herrenberg/10
H542Hoesbach/10
H519Bad Urach/10
H510St.Johann/10
H521Reken/10
H524Eningen unter Achalm/10
H538Deggendort/10
H564Tuebingen/10
H569Eningen unter Achalm/10
H574Stuttgart/10
Mu727Astrup/07
Mu522Sinntal/10
Mu442Sinntal/10
Mu3620snabrueck/05
Mul054Heimerdingen2/10
Mu2232Bramsche/09
Mu3072Bramsche/10
Mu428Darmstadt/09
Mu557Gilserberg/10
Mu563Salmuenster/10
MuEb6Karlstadt/10
MuEb4Karlstadt/10
MuEb10Karlstadt/10
MuEb12Lackenberg/10
MuEbl4Lackenberg/10
MuEDb51Elsenthal/10
PUUV/Pieksamaki/Mg7/2008

Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Ettinger et al., 2012
Plyusnina et al., 2012

PUUV/Konnevesi/Mg O57A/2005 Razzauti et al., 2012
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Strain (Isolate)
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S segment tree PUUV

JQ319162
JQ319163

JQ319164

JQ319166

JQ319167

7X028273

I1X046484

TX046487

KC676609
KC676610
KF776854
KF776855
KF776856
KF776858
KF776859
KF776860
KF776861
KF776863
KF776864
KF776865
KF776866
KF776867
KF776868
KF776869
KF776870
KF776871
KF776872
KF776877
KF776878
KF776879
KF776880
KF776881
KF776883
KF776885
KF776890
KF776891
KF776893

PUUV/Konnevesi/Mg O78A/2005
PUUV/Konnevesi/Mg M94A/2005
PUUV/Konnevesi/Mg 06B/2005

PUUV/Konnevesi/Mg_014B/2005
PUUV/Konnevesi/Mg_015B/2005

11 1
11 4
115

PUUV/Croatia_ Gerovo/Mg938/2008
PUUV/Croatia_Gerovo/Mg954/2008

HtSi 390 p2012
HtSi 335 p2012
HtSi 374 p2012
HtSi 399 p2012
HtSi 402 p2012
HtSi 410 p2012
HtSi 412 p2012
HtSi 419 p2012
HtSi 1054 a1995
HtSi 424 p2012
HtSi 434 p2012
HtSi 440 p2012
HtSi 483 p2012
HtSi 485 p2012
HtSi 493 p2012
HtSi 317 p2012
HtSi 1101 a2007
HtSi 426 p2012
HtSi 430 p2012
HtSi 1063 al1999
HtSi_ 1068 al998
HtSi 1058 a1995
HtSi 1078 al995
HtSi 1071 a1999
HtSi 142 p2002
HtSi 199 p2005
HtSi 246 p2008

Razzauti et al., 2012
Razzauti et al., 2012
Razzauti et al., 2012
Razzauti et al., 2012
Razzauti et al., 2012
Leeetal., 2014

Lee et al., 2014
Leeetal., 2014
Svoboda ef al., 2014
Svoboda et al., 2014
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaet al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
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Strain (Isolate)
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KF776894 HtSi 247 p2008 Korva et al., 2013
KF776895 HtSi 248 p2008 Korva et al., 2013
KF776898 HtSi 254 p2008 Korva et al., 2013
KF776899 HtSi 262 p2008 Korva et al., 2013
KF776900 HtSi 269 p2008 Korva et al., 2013
KF776901 HtSi 283 p2009 Korva et al., 2013
KF776903 HtSi 339 p2012 Korva et al., 2013
KF906512 KS13/855 Alietal., 2014
KJ857342 Fuyuan-Mm-217 Wang et al., 2014
KJ857343 Fuyuan-Mm-228 Wang et al., 2014
KJ857344 Fuyuan-Mm-250 Wang et al., 2014
KJ857345 Fuyuan-Mm-254 Wang et al., 2014
KJ857346 Fuyuan-Mm-312 Wang et al., 2014
L08804 K27 Xiao et al., 1993
L11347 P360 Xiao et al., 1993
136943 Berkel Pilaski et al., 1994
M32750 CG1820 Stohwasser et al., 1990
NC 005224 Sotkamo Vapalahti et al., 1992
U14137 Vranica Reip et al., 1995
U22423 CG 13891 Browen et al., 1995
U35255 MF-43 Horling et al., 1996
U95306 K16 Bowen et al., 1997
U95307 P1 Bowen et al., 1997
U95308 Kll1 Bowen et al., 1997
721497 Udmurtia/894Cg/91 Plyusnin et al., 1995
730702 Evo/12Cg/93 Plyusnin et al., 1995
730704 Evo/14Cg/93 Plyusnin et al., 1995
730705 Evo/15Cg/93 Plyusnin et al., 1995
730706 Udmurtia/444Cg/88 Plyusnin et al., 1995
730707 Udmurtia/458Cg/88 Plyusnin et al., 1995
730708 Udmurtia/338Cg/92 Plyusnin et al., 1995
746942 Puu/Puu/1324Cg/79 Plyusnin et al., 1995
748586 Puu/Vindeln/L20Cg/83 Horling et al., 1995
769985 Puu/Virrat/25Cg/95 Plyusnin et al., 1997
784204 Puu/Kazan Lundkvist ef al., 1997
AM746330 Palbole 98-4 Johansson et al., 2008
AM930972 HOK/Muhorshibir/Mr767/2005 Plyusnina et al., 2008
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Acc. No. Strain (Isolate) Reference
S segment tree PUUV
DQO016432 Bavaria CG 41/04 Essbauer et al., 2006
EU439971 Bavaria 157/05 Essbauer et al., 2010
AY526219 Umea/hu Johansonn ef al., 2004
M segment tree PUUV
AB433850 Samara 49/CG/2005 Kariwa et al., 2009
AB433852 Samara 94/CG/2005 Kariwa et al., 2009
Ul14136 Vranica Reip et al., 1995
AY526218 Umea/hu Johansson et al., 2004
NC 005223 Sotkamo Vapalahti et al., 1992
U22418 CG 13891 Bowen et al., 1995
EF198413 04-4 Song 2007
AB297666 DTK/Ufa-9 Abu Daude et al., 2010
AF442617 CRF308/0Omsk Dekonenko et al., 2003
AF442615 CG215/0msk Dekonenko et al., 2003
AF442614 CG17/Baskiria-2001 Dekonenko et al., 2003
AF367061 CRF161 Dekonenko et al., 2003
JN831944 PUUV/Pieksamaki/Mg7/2008 Plyusnina et al., 2012
JQ319175 PUUV/Konnevesi/Mg M114B/2005 Razzauti ef al., 2013
JQ319174 PUUV/Konnevesi/Mg_M78B/2005 Razzauti et al., 2013
JQ319173 PUUV/Konnevesi/Mg_M105A/2005 Razzauti et al., 2013
JQ319172 PUUV/Konnevesi/Mg_0O78A/2005  Vapalahti et al., 1992
J1X028272 111 Lee et al., 2014
JX046486 115 Lee et al., 2014
JX046483 11 4 Leeetal., 2014
Mukhametkhanov and
EU069361 11604 Baymiev, 2007
784205 Puu/Kazan Lundkvist ef al., 2003
770201 Puu/Virrat/25Cg/95 Plyusnin et al., 1997
749214 Puu/Vindeln/L20Cg/83 Horling et al., 1995
AJ238778 PUU/Cg-Erft Heiske et al., 1999
KC676632 PUUV/Croatia_Gerovo/Mg978/2008 Svoboda et al., 2013
KC676630 PUUV/Croatia_Gerovo/Mg954/2008 Svoboda et al., 2013
KC676629 PUUV/Croatia_Gerovo/Mg938/2008 Svoboda et al., 2013
DQ518237 Bavaria CG 41/04 Essbauer et al., 2007
DQ518236 Bavaria CG 39/04 Essbauer et al., 2007
DQ518233 Bavaria CG 152/05 Essbauer et al., 2007
DQ518230 Cologne Mu05/269 Essbauer et al., 2007
DQ518223 Bavaria CG 33/04 Essbauer et al., 2007
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Acc. No. Strain (Isolate) Reference

M segment tree PUUV

DQ518221 Cologne Mu05/258 Essbauer et al., 2007
DQ518219 Bavaria CG 9/04 Essbauer et al., 2007
DQ518218 Bavaria CG 2/04 Essbauer et al., 2007
DQ518217 Osnabrueck Mu05/392 Essbauer et al., 2007
DQ518216 Cologne Mu05/285 Essbauer et al., 2007
DQ518215 Cologne Mu05/161 Essbauer et al., 2007
DQ518213 Cologne Mu05/244 Essbauer et al., 2007
DQ518211 Cologne Mu05/241 Essbauer et al., 2007
AB433851 Samara_ 68/CG/2005 Kariwa et al., 2009
KJ857340 Fuyuan-Mm-250 Wang et al., 2014
KJ857338 Fuyuan-Mm-217 Wang et al., 2014
KJ857331 Yakeshi-Mm-31 Wang et al., 2014
KJ857330 Fuyuan-Mm-312 Wang et al., 2014
KJ857329 Fuyuan-Mm-254 Wang et al., 2014
AB676848 Kitahiyamal28M/2008 Sanada et al., 2012
AB675454 Sakhalin99M/1998 Kariwa et al., 2012
AB675451 Tobetsu35M/2010 Kariwa et al., 2012
AJO11647 Ls136V Vapalahti et al., 1999
KJ857333 Yuanjiang-Mf-13 Wang et al., 2014
EU072488 Fusong-Mf-682 Zou et al., 2008
AJO11648 MF-43 Vapalahti et al., 1999
EF422372 Fusong 84-05 Tang et al., 2007
DQ518235 Bavaria CG 34/04 Essbauer et al., 2007
DQ518220 Bavaria CG 151/05 Essbauer et al., 2007
DQ518232 Bavaria CG 157/05 Essbauer et al., 2007
DQ518234 Bavaria CG 159/05 Essbauer et al., 2007
EU072489 Y akeshi-Mm-59 Zou et al., 2008
L08754 K27 Xiao et al., 1993
LO08755 P360 Xiao et al., 1993
M29979 CG1820 Giebel et al., 1989
X61034 Sotkamo Vapalahti et al., 1992
AB433854 Samara 128/CG/2005 Kariwa et al., 2009
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Acc. No.

Strain (Isolate)

Reference

S segment tree DOBV

KU529946
KT315642
KT315640
KT315638
KT315637
KF425494
KF425493
JQ344114
7Q026204
GU904029
GQ205408
GQ205407
GQ205406
GQ205405
GQ205404
GQ205403
GQ205402
GQ205401
HQ174470
HQ174469
HQ174468
FJ986109
JF499666
GQ205398
GQ205397
GQ205396
GQ205395
GQ205394
GQ205393
KT971014
KT971013
KT971012
KT971011
KT971010
KT971009
KT971008
KT971007

Sochi/hu
Igneada/89A1/2009
Igneada/57A£/2009
Igneada/13A1£/2009
Igneada/09A /2009
ST-RS3

ST-RS1
GER/10/1206/Aa
GER/08/131/Af
Slo/Af-BER
GER/08/131/Af
GER/08/118/Aa
GER/05/477/Af
GER/05/239/Aa
GER/07/1064/Aa
GER/07/424/Aa
GER/07/607/Af
GER/07/293/Aa
Kardjali/2010
Smolyan/2010
Blagoevgrad/2009
Beskydy-08
DOBcro231im
Lip17/hu

Lip7/hu

Lip6/hu

Lip5/hu

Lip4/hu

Lip2/hu
Geshtenjas/Pogradec/261Af
Mollas/Kolonje/243Af
Dardhe/Korce/219Af
Diellas/Korce/201Af
Llogora/Vlore/85Af
Voskopoje/Korce/65Af
Togez/Librazhd/54Af
Llasen/Diber/22 Af

Krautkramer et al., 2016
Polat et al., 2015

Polat et al., 2015

Polat et al., 2015

Polat et al., 2015
Stamenkovic et al., 2013
Stamenkovic et al., 2013
Rasche et al., 2013
Popugaeva et al., 2012
Klempa et al., 2010
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Schlegel et al., 2009
Papa & Christova, 2011
Papa & Christova, 2011
Papa & Christova, 2011
Papa et al., 2010
Markotic et al., 2002
Dzagurova et al., 2009
Dzagurova et al., 2009
Dzagurova et al., 2009
Dzagurova et al., 2009
Dzagurova et al., 2009
Dzagurova et al., 2009
Papa et al., 2016

Papa et al., 2016

Papa et al., 2016

Papa et al., 2016

Papa et al., 2016

Papa et al., 2016

Papa et al., 2016

Papa et al., 2016
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Acc. No. Strain (Isolate) Reference

S segment tree DOBV

KT971006 Pilafe/Diber/20Af Papa et al., 2016
KT971005 Brezhdan/Diber/19Af Papa et al., 2016
KT315641 Igneada/84A1/2009 Polat et al., 2015
KT315639 Igneada/32A1£/2009 Polat et al., 2015
KT315636 Igneada/03A£/2009 Polat et al., 2015
KT315635 Igneada/02A1£/2009 Polat et al., 2015
KP878313 10752/hu Kruger et al., 2015
KP878312 10645/Ap Kruger et al., 2015
KP878311 10636/Ap Kruger et al., 2015
KT885043 Stamforrad/POR Miles & Lewandowski, 2015
KF776882 HtSi 1012 al1997 Korva et al., 2013
KF776853 HtSi 1091 al1997 Korva et al., 2013
KF776852 HtSi 1096 _a1995 Korva et al., 2013
KF776851 HtSi 273 p2008 Korva et al., 2013
KF776850 HtSi 286 p2009 Korva et al., 2013
KF776849 HtSi 274 p2008 Korva et al., 2013
KF776848 HtSi 297 p2010 Korva et al., 2013
KF776847 HtSi 299 p2010 Korva et al., 2013
KF776846 HtSi 301 p2010 Korva et al., 2013
KF776845 HtSi 275 p2008 Korva et al., 2013
KF776844 HtSi 276 p2008 Korva et al., 2013
KF776843 HtSi 268 p2008 Korva et al., 2013
KF776842 HtSi 279 p2008 Korva et al., 2013
KF776841 HtSi 261 p2008 Korva et al., 2013
KF776840 HtSi 239 p2008 Korva et al., 2013
KF776839 HtSi 256 p2008 Korva et al., 2013
KF776838 HtSi 231 p2007 Korva et al., 2013
KF776837 HtSi 230 p2007 Korva et al., 2013
KF776836 HtSi 215 p2005 Korva et al., 2013
KF776835 HtSi 207 p2005 Korva et al., 2013
KF776834 HtSi 200 p2005 Korva et al., 2013
KF776833 HtSi 129 p2000 Korva et al., 2013
KF776832 HtSi 132 p2000 Korva et al., 2013
KF776831 HtSi 136 p2001 Korva et al., 2013
KF776830 HtSi 193 p2005 Korva et al., 2013
KF776829 HtSi 1022 a2000 Korva et al., 2013
KF776828 HtSi 1030 a1995 Korva et al., 2013
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Acc. No.

Strain (Isolate)

Reference

S segment tree DOBV

KF776827
KF776826
KF776825
KF776824
KF776823
KF776822
KF776821
KF776820
KF776819
KF776818
KF776817
KF776816
KF776815
KF776814
KF776813
KF776812
KF776811
KF776810
KF776809
KF776808
KF776806
KF776807
KF776805
KF776804
KF776803
KF776802
KF776801
KF776800
KF776799
KF776798
KF776797
KF776796
KF776795
KF776794
KF776793
KC676608
KC676607

HtSi 1038 a2002
HtSi 130 p2000
HtSi 1041 a2005
HtSi_ 1040 a1999
HtSi 1043 al995
HtSi_ 1095 al1997
HtSi_ 1042 22008
HtSi_ 1037 a2001
HtSi_ 1036 a2001
HtSi 1035 a2002
HtSi 1034 a2001
HtSi 1033 a2001
HtSi 1032 22001
HtSi 1031 a2001
HtSi 1029 al995
HtSi_ 1024 a2000
HtSi 1021 al995
HtSi_ 1020 a2008
HtSi 1018 a2007
HtSi 1015 al995
HtSi 1010 a2007
HtSi 1011 a2007
HtSi 1009 a1995
HtSi_ 1008 al1999
HtSi 1013 a2002
HtSi_1090 a2000
HtSi 1092 a1997
HtSi 1097 al995
HtSi 1014 22002
HtSi 1019 a2007
HtSi 270 p2008
HtSi 499 p2012
HtSi 492 p2012
HtSi 465 p2012
HtSi 397 p2012
As825/2007

As824/2007

Korva et al., 2013
Korvaetal., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korva et al., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013
Korvaetal., 2013

Svoboda et al., 2014
Svoboda et al., 2014
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Acc. No.

Strain (Isolate)

Reference

S segment tree DOBV

KC676606
KC676605
KC676604
KC676603
KC676602
KC676601
KC676600
KC676599
KC676598
KC676597
KC676596
KC676595
KC676594
KC676593
KC676592
KC676591
KC676590
KC676589
KJ154958
KF039739
FN377828
KC848501
KC848500
KC848499
K(C848498
KC848497
KC848496
KC848495
KC848494
JF920152
JF920151
JF920150
FN813292
L41916
EU188452
EU188449
EU562991

As822/2007
As820/2007
Af814/2007
Af815/2007
Af813/2007
Af970/2008
Af968/2008
A967/2008
A966/2008
Af965/2008
A964/2008
Af957/2008
Af956/2008
Af933/2008
Af910/2008
A1903/2008
Af894/2008
Af882/2008

KOS-1
Istanbul/H56/10
Af27/HungaryTR17/00
Sarmellek/77Aa/06
DOB/Pecs/31Aa/06
DOB/Pecs/27Aa/06
DOB/Gola/343A1/07
DOB/Gola/291A1/07
DOB/Gola/242A1/07
DOB/Gola/235A1/07
DOB/Pecs/210A1/07
Ap/Sochi/79
Ap/Sochi/43
Ap/Sochi/hu
Af56/2003

3970/87
Aal854/Lipetsk-02
Ap1584/Sochi-01
OMSK/180 Ap ag/05

Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Svoboda et al., 2014
Emmerich et al., 2014
Ettinger et al., 2013
Plyusnina et al., 2009
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Nemeth, 2013
Dzagurova et al., 2012
Dzagurova et al., 2012
Dzagurova et al., 2012
Plyusnina et al., 2011

Avsic-Zupanc et al., 1995

Klempa et al., 2008
Klempa et al., 2008
Garanina et al., 2009
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Acc. No.

Strain (Isolate)

Reference

S segment tree DOBV

EU562990
EU562989
AF442623
AF442622
DQ305281
DQ305280
DQ305279
AF039525
NC 005233
AJ410615
AJ410619
AJ131673
AJ131672
AJ269554
AJ269550
AJ269549
AJ251997
AJ251996
AJ009775
AJ009773
AF060024
AF060023
AF060022
AF060021
AF060020
AF060019
AF060018
AF060017
AF060016
AF060015
AF060014
AY533121
AY533119
AY533117
AY 168576
AY533120
AY533118

OMSK/189 Ap_ag/05
OMSK/172_Ap ag/05

P-s1223/Krasnodar-2000
Ap-1/Goryachiy Klyuch-2000

DOB/PV/02
DOB/TV/02
DOB/MD/02

ASA
Ano-Poroia/Af19/1999
Ano-Poroia/Af19/1999
Ano-Poroia/13A1/99
Kurkino/53Aa/98
Kurkino/44Aa/98
East Slovakia-400-Af
East Slovakia-862-Aa
East Slovakia-856-Aa
Kocevje/Af-3/93
Dobrava/Af-1/90
Saaremaa/90Aa/97
DOB/Saaremaa/160V
DOB-PA

DOB-TD

DOB-SZ

DOB-HA

DOB-EA

DOB-GA

DOB-PR

DOB-SI

DOB-CG

DOB-TI

DOB-NF
Esl/197Aa/01
Esl/33Aa/01

H169/02

East Slovakia/400Af/98
Esl/81Aa/01
Esl/29Aa/01

Garanina et al., 2009
Garanina et al., 2009
Dekonenko et al., 2016
Dekonenko et al., 2016
Papa et al., 2006

Papa et al., 2006

Papa et al., 2006

Papa et al., 2016
Nemirov et al., 2003
Nemirov et al., 2003
Nemirov et al., 2003
Plyusnin et al., 1999
Plyusnin et al., 1999
Sibold et al., 2001
Sibold et al., 2001
Sibold et al., 2001

Avsic-Zupanc et al., 2000
Avsic-Zupanc et al., 2000

Nemirov et al., 1999
Nemirov et al., 1999
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Papa et al., 1998
Klempa et al., 2004
Klempa et al., 2004
Klempa et al., 2004
Klempa et al., 2004
Klempa et al., 2004
Klempa et al., 2004
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Acc. No. Strain (Isolate) Reference

S segment tree DOBV

AY961615 SK/Aa Klempa et al., 2004
AY961618 Esl/34Aa/01 Klempa et al., 2004
HQ834507 P09072 Maet al., 2012
HQ834506 H10150 Maet al., 2012
HQ834505 CA10081905 Maet al., 2012
AF288646 Al6 Yao et al., 2001
EF990914 CGAa4P15 Zou et al., 2008
EU363813 CGHu2 Zou et al., 2008
AF288294 LR1 Yao et al., 2000
EF990907 CGRn53 Zou et al., 2008
EF208929 CJAp93 Zhang et al., 2007
AF288659 S85-46 Yao et al., 2001
EU092221 CGRn45 Zou et al., 2008
JQO083395 HV004 Lietal, 2012
U37768 CUMC-B11 Kim & Jung, 1995
KU207209 US8A15-1 Kimetal., 2016
KU207207 ROKA14-11 Kimetal., 2016
KU207197 Aal5-59 Kim et al., 2016
KU207196 Aal5-58 Kimetal., 2016
KU207195 Aal5-56 Kim et al., 2016
KU207194 Aal0-265 Kim et al., 2016
KU207193 Aa09-410 Kimetal., 2016
KU207192 Aa09-17 Kim et al., 2016
KU207191 Aa05-246 Kimetal., 2016
KU207206 ROKA13-8 Kimetal., 2016
KU207190 Aa04-722 Kim et al., 2016
KT935057 Aal4-438 Song & Kim, 2016
KT935056 Aal4-423 Song & Kim, 2016
KT935055 Aal4-412 Song & Kim, 2016
KT935029 Aa05-249 Song & Kim, 2016
KT885049 76-118/POR Miles & Lewandowski, 2015
GU329991 YNS509 Caoetal., 2010
AF321094 Maaji-1 Choi et al., 2001
AF321095 Maaji-2 Choi et al., 2001
AF427323 AP1168 Dekonenko ef al., 2001
AF427318 AA1028 Dekonenko et al., 2001
KP970583 JS12 Wang, 2016
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Acc. No.

Strain (Isolate)

Reference

S segment tree DOBV

KJ857348
KJ857347
KC570390
KC490914
KC490915
KC490916
KC490917
KC490918
JQ082300
JQ082303
AB618112
AF329389
AF329388
KP645198
JX853575
KU204960
KF387725
JX879769
KP859512
KP859511
GU592951
GU592950
GU592953
JQB&98106
GUS592948
GU592946
GU592945
GU592944
GU592942
GU592941
GU592940
GU592938
GU592937
GU592936
GU592933
GU361893
FJ803217

Fuyuan-Aa-36
Fuyuan-Aa-26
DandongHu-91
Rt/MDG/2009/ATD261
Rr/MDG/2009/ATD9
Rr/MDG/2009/ATD56
Rr/MDG/2009/ATD108
Em/MDG/2009/ATD49
SA14

SA22

CSGS5

Tchoupitoulas (TCH)
IR461

Fj372/2013

DPRKOS8
Tchoupitoulas/POR

LYON/Rn/FRA/2013/LYO852

Humber

JiangxiXinjianRn-09-2011
JiangxiXinjianRn-07-2011

ShenyangRn139
ShenyangRn19
RuianRn180

SEO/Belgium/Rn895/2005

GuangzhouRn36
Longwan581
RuianRn242
XiaotangshanRn7
FeixianRn1
GaomiRn9
JiningCt13
GaomiRn47
JinanRn1
HebeiRn9
GanyuRn137
SC106
RuianRr57

Wang et al., 2014
Wang et al., 2014
Chenget al., 2014
Reynes et al., 2014
Reynes et al., 2014
Reynes et al., 2014
Reynes et al., 2014
Reynes et al., 2014
Klempa et al., 2012
Klempa et al., 2012
Luan et al., 2012
Shi et al., 2003

Shi et al., 2003
Wang et al., 2015
Yao et al., 2012
Miles et al., 2016
Dupinay et al., 2014
Jameson et al., 2013
Liu et al., 2015

Liu et al., 2015
Guo et al., 2011
Guoetal., 2011
Guo et al., 2011
Plyusnina et al., 2012
Guoetal., 2011
Guo et al., 2011
Guoetal., 2011
Guoetal., 2011
Guo et al., 2011
Guoetal., 2011
Guo et al., 2011
Guoetal., 2011
Guoetal., 2011
Guo et al., 2011
Guoetal., 2011
Chen et al., 2010
Linetal., 2016
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Strain (Isolate)
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FJ803208 OuhaiRf35 Lin et al., 2016
FJ803206 CixiRn76 Lin et al., 2016
KF745951 Taonan420 Fan et al., 2014
JQ665928 WuhanRn98 Kang et al., 2012
GQ274945 Singapore/06(RN46) Johansson et al., 2010
KJ950869 Seoul-Baxter/NYC-D3_S Firth et al., 2014
KX079476 IR162 Lloyd et al., 1984
KX079473 IR33 Lloyd et al., 1984

M segment tree DOBV

JQ026205 GRW/Aa Popugaeva et al., 2012
GQ205413 GER/08/131/Af Schlegel et al., 2009
GQ205412 GER/08/118/Aa Schlegel et al., 2009
GQ205411 GER/05/477/Af Schlegel et al., 2009
GQ205410 GER/07/607/Af Schlegel et al., 2009
GQ205409 GER/07/293/Aa Schlegel et al., 2009
GQ205400 Lip9/hu Dzagurova et al., 2009
GQ205399 Lip2/hu Dzagurova et al., 2009
KT885042 Stamforrad/POR Miles & Lewandowski, 2015
KF776791 HtSi 297 p2010 Korva et al., 2013
KF776790 HtSi 301 p2010 Korva et al., 2013
KF776789 HtSi 299 p2010 Korva et al., 2013
KF776788 HtSi 286 p2009 Korva et al., 2013
KF776787 HtSi 279 p2008 Korva et al., 2013
KF776786 HtSi 276 p2008 Korva et al., 2013
KF776785 HtSi 275 p2008 Korva et al., 2013
KF776784 HtSi 270 p2008 Korva et al., 2013
KF776783 HtSi 268 p2008 Korva et al., 2013
KF776782 HtSi 256 p2008 Korva et al., 2013
KF776780 HtSi 231 p2007 Korva et al., 2013
KF776779 HtSi 230 p2007 Korva et al., 2013
KF776778 HtSi 215 p2005 Korva et al., 2013
KF776777 HtSi 207 p2005 Korva et al., 2013
KF776776 HtSi 193 p2005 Korva et al., 2013
KF776775 HtSi 135 p2001 Korva et al., 2013
KF776774 HtSi 132 p2000 Korva et al., 2013
KF776773 HtSi_ 130 p2000 Korva et al., 2013
KF776769 HtSi 1009 a1995 Korva et al., 2013
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KF776768 HtSi 1043 al995 Korva et al., 2013
KF776767 HtSi 1015 _al1995 Korva etal., 2013
KF776766 HtSi 1014 _a2002 Korva et al., 2013
KF776765 HtSi 1013 a2002 Korva et al., 2013
KF776763 HtSi 1039 al1996 Korva etal., 2013
KF776762 HtSi 1032 a2001 Korva et al., 2013
KF776745 HtSi 1038 a2002 Korva et al., 2013
KF776746 HtSi 1035 a2002 Korva et al., 2013
KF776744 HtSi 1031 _a2001 Korva et al., 2013
KF776742 HtSi 1022 a2000 Korva etal., 2013
KF776740 HtSi 1018 a2007 Korva et al., 2013
KF776738 HtSi 1010 _a2007 Korva etal., 2013
KF776736 HtSi 1008 al1999 Korva etal., 2013
KC676628 A967/2008 Svoboda et al., 2014
KC676627 Af970/2008 Svoboda et al., 2014
KC676626 A968/2008 Svoboda et al., 2014
KC676625 A966/2008 Svoboda et al., 2014
KC676624 Af965/2008 Svoboda et al., 2014
KC676623 A964/2008 Svoboda et al., 2014
KC676622 Af957/2008 Svoboda et al., 2014
KC676621 Af956/2008 Svoboda et al., 2014
KC676619 Af910/2008 Svoboda et al., 2014
KC676620 Af933/2008 Svoboda et al., 2014
KC676618 A903/2008 Svoboda et al., 2014
GU904035 Slo/Af-BER Kirsanovs et al., 2010
JF920149 Ap/Sochi/hu Dzagurova et al., 2012
L33685 Dobrava Avsic-Zupanc et al., 1995
EU188453 Aal854/Lipetsk-02 Klempa et al., 2008
EU188450 Ap1584/Sochi-01 Klempa et al., 2008
NC 005234 Ano-Poroia/Af19/1999 Nemirov et al., 2003
AJ410616 Ano-Poroia/Af19/1999 Nemirov et al., 2003
AJ009774 DOB/Saaremaa/160V Nemirov et al., 1999
AY 168578 East Slovakia/862Aa/97 Klempa et al., 2003
AY168577 East Slovakia/400Af/98 Klempa et al., 2003
AY961616 SK/Aa Klempa et al., 2005
KC490921 Rr/MDG/2009/ATD56 Reynes et al., 2014
KC490919 Em/MDG/2009/ATD49 Reynes et al., 2014
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Table 13: continuation

Acc. No. Strain (Isolate) Reference

M segment tree DOBV

KC490920 Rr/MDG/2009/ATD261 Reynes et al., 2014
JQ082301 SA14 Klempa et al., 2012
DQ371905 Q32 Dai et al., 2006
AF288645 Al6 Yao et al., 2001
EU363819 CGHu2 Zou et al., 2008
EF990921 CGRn53 Zou et al., 2008
AF288658 S85-46 Yao et al., 2001
AF288656 SN7 Yao et al., 2001
JQO083394 HV004 Lietal, 2012
KU207203 ROKA14-11 Kim et al., 2016
KU207202 ROKA13-8 Kim et al., 2016
KT935015 Aal4-362 Song & Kim, 2016
KT935010 Aal4-198 Song & Kim, 2016
KT935006 Aal0-561 Song & Kim, 2016
KT935003 Aal0-288 Song & Kim, 2016
KT934999 Aa09-652 Song & Kim, 2016
KT934996 Aa(05-331 Song & Kim, 2016
GQI120966 7251 Yao et al., 2009
D25529 cl-1 Isegawa et al., 1994
KJ857336 Fuyuan-Aa-145 Wang et al., 2014
JQ912875 LongquanM{-09-8 Wang et al., 2013
JQ912859 LongquanAa-10-393 Wang et al., 2013
JQ912850 LongquanAa-09-541 Wang et al., 2013
JQ912835 LongquanAa-09-350 Wang et al., 2013
JQ912829 LongquanAa-09-24 Wang et al., 2013
JQI912810 LongquanAa-08-235 Wang et al., 2013
AB620032 Galkino/AA57/2002 Kariwa et al., 2012
FJ753399 ZLS-12 Yao et al., 2009
AB127995 Baol4 Lokugamage et al., 2004
KX687231 Aal4 239 Song et al., 2016
AB618130 5CSG Luan et al., 2012
KU207166 Aal4-204 Song et al., 2016
S47716 80-39 Antic et al., 1991
AF288654 K24-v2 Yao et al., 2001
AF288652 K24-¢7 Yao et al., 2001
AF288650 Gou3-e5 Yao et al., 2001
AF288298 L99 Zhihui et al., 2000
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Table 13: continuation

Acc. No. Strain (Isolate) Reference

M segment tree DOBV

AF145977 Gou3 Yao et al., 1999
KP645197 Fj372/2013 Wang et al., 2015
JX853576 DPRKOS8 Yao et al., 2012
KU204959 Tchoupitoulas/POR Miles et al., 2016
KF387724 LYON/Rn/FRA/2013/LYO852 Dupinay et al., 2014
JX879768 Humber Jameson et al., 2012
KM948597 Humber Jameson et al., 2013
KP859513 JiangxiXinjianRn-07-2011 Liu et al., 2015
KP859514 JiangxiXinjianRn-09-2011 Liu et al., 2015
KM948593 Cherwell Taori et al., 2013
KM233660 HBTS50 Li & Cai, 2014
KM233658 HBT14 Li & Cai, 2014
KM233659 HBT49 Li & Cai, 2014
KM233657 HBQ43 Li & Cai, 2014
KM233656 HBQ20 Li & Cai, 2014
KM233655 HBQ17 Li & Cai, 2014
KM233654 HBQ7 Li & Cai, 2014
KM233653 HBQS5 Li & Cai, 2014
KM115585 93HBQ3 Li & Cai, 2014

NC 005237 80-39 Antic et al., 1991
EU163437 China Zhang et al., 2007
D17594 KI-88-15 Kariwa et al., 1994
D17593 KI-85-1 Kariwa et al., 1994
D17592 KI-83-262 Kariwa et al., 1994
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APPENDIX 3

Detailed parameter descriptions of phylogenetic trees

Figure 12: Phylogenetic tree constructed from the partial L segment sequences of
226nt. The evolutionary history was inferred by using the Maximum Likelihood method
based on the Tamura 3-parameter model (Tamura, 1992). The tree with the highest log
likelihood (-6608.3713) is shown. The percentage of trees in which the associated taxa
clustered together is shown next to the branches. Initial tree(s) for the heuristic search
were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a
matrix of pairwise distances estimated using the Maximum Composite Likelihood
(MCL) approach, and then selecting the topology with superior log likelihood value. A
discrete Gamma distribution was used to model evolutionary rate differences among
sites (5 categories (+G, parameter = 0.7706)). The rate variation model allowed for
some sites to be evolutionarily invariable ([+/], 17.6339% sites). The tree is drawn to
scale, with branch lengths measured in the number of substitutions per site. All
positions containing gaps and missing data were eliminated. Evolutionary analyses were

conducted in MEGA7 (Kumar et al., 2016).

Figure 13: Phylogenetic tree constructed from the partial S segment sequences of
501nt. The evolutionary history was inferred by using the Maximum Likelihood method
based on the GTR model chosen according to BIC (Nei and Kumar, 2000). The tree
description is equivalent as in the Figure 12 with the parameters:

- the highest log likelihood (-15180.1275) is shown.

- bootstrap statistical support repeated 1000 times, values > 70% are shown.

- a discrete Gamma distribution was used to model evolutionary rate differences

among sites (5 categories (+G, parameter = 0.5568)).
- evolutionarily invariable ([+/], 21.3265% sites).

- 324 nucleotide sequences involved.

Figure 14: Phylogenetic tree constructed from the partial M segment sequences of

576nt. The evolutionary history was inferred by using the Maximum Likelihood method
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based on the Tamura-Nei model chosen according to BIC (Tamura and Nei, 1993). The
tree description is equivalent as in the Figure 12 with the parameters:
- the highest log likelihood (-7636.2282) is shown.
- bootstrap statistical support repeated 1000 times, values > 70% are shown.
- a discrete Gamma distribution was used to model evolutionary rate differences
among sites (5 categories (+G, parameter = 0.6312)).
- evolutionarily invariable ([+/], 25.3054% sites).

- 104 nucleotide sequences involved.

Compressed clade marked as * includes following sequences: T4 10 087, T4 10 203,
T4 10 081, T4 10 080, T4 10 049, T4 10 043, T4 10 041, T4 10 032,
T4 10 030, T4 10 026, T4 10 022, T4 10 020, T4 10 014, T4 10 012,
T4 10 006, T4 10 019, DQ518237, T2 10 006, T2 10 046, T2 10 048, T2 10 063,
T2 10 076, T2 10 087, T2 10 103.

Figure 15: Phylogenetic tree constructed from the partial S segment sequences of
519nt. The evolutionary history was inferred by using Maximum Likelihood method
based on Tamura 3-parameter model chosen according to BIC (Tamura, 1992). The tree
description is equivalent as in the Figure 12 with the parameters:

- the highest log likelihood (-10744.1993) is shown.

- Dbootstrap statistical support repeated 1000 times, values > 70% are shown.

- a discrete Gamma distribution was used to model evolutionary rate differences

among sites (5 categories (+G, parameter = 0.6250)).
- evolutionarily invariable ([+/], 22.1248% sites).

- 268 nucleotide sequences involved.

Figure 16: Phylogenetic tree constructed from the partial M segment sequences of
456nt. The evolutionary history was inferred by using Maximum Likelihood method
based on Tamura 3-parameter model chosen according to BIC (Tamura, 1992). The tree
description is equivalent as in the Figure 12 with the parameters:

- the highest log likelihood (-6941.0853) is shown.

- bootstrap statistical support repeated 1000 times, values > 70% are shown.
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a discrete Gamma distribution was used to model evolutionary rate differences
among sites (5 categories (+G, parameter = 0.6682)).
evolutionarily invariable ([+/], 23.5746 % sites).

127 nucleotide sequences involved.
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