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Nazov pracoviska, na ktorom bol projekt rieSeny

Projekt bol rieSeny na Virologickom ustave Biomedicinskeho centra SAV

Nazov a stat zahraniéného pracoviska, ktoré spolupracovalo pri rieSeni

Pocas projektu sme neformalne spolupracovali so zahrani¢nymiinSituciami a s
nasledovnymi vedeckymi pracovnikmi:

Prof. Ervin Fodor, Sir William Dunn School of Pathology, University of Oxford, Oxford, UK
Prof. Peter Sebo, Mikrobiolgicky ustav AVCR, Praha, CR (Institute of Microbiology of the
ASCR, v.v.i., Prague, Czech Republic)

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

neboli

Najvyznamnejsie publikacie (knihy, €lanky, prednasky, spravy a pod.) zhriujuce
vysledky projektu — uvedte aj publikacie prijaté do tlace

NajdélezitejSie publikacie:

Vysledky ziskané pocas rieSenia projektu sme publikovali v 11 vedeckych ¢Elankoch v
medzinarodnych vedeckych ¢asopisoch evidovanych v CC a prezentovali sme ich na 6
domacich a 2 zahraniénych konferenciach. Nase poznatky sme popularizovali v dennej tlaci,
v popularno-vedeckom periodiku (Quark, 2020) ako aj v rozhlase (Nocna pyramida, 2020).
Okrem toho sme svoje skusenosti a vedomosti uplatnili aj v pedagogickej Cinnosti
(prednasky, Deni otvorenych dveri, prispevok k napisaniu vysokoSkolského textu-ucebnice).
NajvyznamnejSie publikacie:

1/ Jakubcova L, Vozarova M, Holly J, Tomc&ikova K, Fogelova M, Polcicova K, Kostolansky
F, Fodor E, VareCkova E: Biological properties of influenza A virus mutants with amino acid
substitutions in the HA2 glycoprotein of the HA1/HA2 interaction region.

J Gen Virol. 2019, 100(9):1282-1292. doi: 10.1099/jgv.0.001305.

2/ Tomc¢ikova K and VareCkova E: Different mechanisms of the protection against influenza
A infection mediated by broadly reactive HA2 gp -specific antibodies. Acta Virol. 2019;63(4),
347-365. doi:10.4149/av_2019_408.

3/ DUNAJOVA, Aneta Anna - GAL, Miroslav** - TOMCIKOVA, K. - SOKOLOVA, Romana -
KOLIVOSKA, Viliam** - VANECKOVA, Eva - KIELAR, Filip - KOSTOLANSKY, Frantisek -
VARECKOVA, Eva - NAUMOWICZ, Monika**. Ultrasensitive impedimetric imunosensor for
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influenza A detection. In Journal of Electroanalytical Chemistry, 2020, vol. 858, art.no.
113813. (2019: 3.807 - IF, Q1- JCR, 0.758 - SJR, Q1 - SJR). ISSN 0022-0728. =~

4/ MATUSKOVA, Vlasta** - ZATLOUKAL, Marek - VOLLER, Jifi - GRUZ, Jifi - PEKNA,
Zuzana - BRIESTENSKA, Katarina - MISTRIKOVA, Jela [SAVBIOMED] - SPICHAL, Lukas -
DOLEZAL, Karel** - STRNAD, Miroslav. New aromatic 6-substituted 2'-deoxy-9-(B)-D-
ribofuranosylpurine derivatives as potential plant growth regulators. In Bioorganic &
Medicinal Chemistry, 2020, vol. 28, no. 2, projektu15230. (2019: 3.073 - IF, Q2 - JCR, 0.739
- SJR, Q1- SJR). ISSN 0968-0896.

5/ KOSTOLANSKY, Franti§ek - TOMCIKOVA, Karolina - BRIESTENSKA, Katarina -
MIKUSOVA, Miriam - VARECKOVA, Eva**. Universal anti-influenza vaccines based on viral
HA2 and M2e antigens. In Acta Virologica, 2020, vol. 64, no., p. 417-426. (2019: 0.793 - IF,
Q4 - JCR, 0.358 - SJR, Q3 - SJR). ISSN 0001-723X

6/ BRIESTENSKA, Katarina - MIKUSOVA, Miriam- TOMCIKOVA, Karolina -
KOSTOLANSKY, Frantiek - VARECKOVA, Eva** Quantification of bacteria by in vivo
bioluminescence imaging in comparison with standard spread plate method and reverse
transcription quantitative PCR (RT-gPCR). In Archives of Microbiology, 2021, vol. 203, no.
7,p. 4737-4742. hitps://doi.org/10.1007/s00203-021-02458-5

7/ HOLLY, Jaroslav - TOMCIKOVA, Karolina - VOZAROVA, Maria - FOGELOVA, Margaréta
- JAKUBCOVA, Lucia - VARECKOVA, Eva - KOSTOLANSKY, Frantiek** DNA vaccine
targeting the ectodomain of influenza M2 protein to endolysosome pathway enhances anti-
M2e protective antibody response in mice. In Acta Virologica, 2021, vol. 65, no. 2, p. 181-
191. (2020: 1.162 - IF, Q4 - JCR, 0.412 - SJR, Q3 - SJR, karentované - CCC). (2021 -
Current Contents). ISSN 0001-723X. Dostupné na: https://doi.org/10.4149/av_2021 207

8/ Mikusova, M.; Tomcikova,K.; Briestenska, K.; Kostolansky, F.; VareCkova, E.*: The
Contribution of Viral Proteins to the Synergy of Influenza and Bacterial Co-Infection.

Viruses 2022, 14, 1064. https://doi.org/10.3390/v14051064

9/ MikuSova Miriam, Tom¢ikova Karolina, Briestenska Katarina, Vareckova Eva*:

The less effective induction of virus-neutralizing antibodies after influenza infection differs
dependently on the time and the dose of Oseltamivir application. Acta virologica, vol. 66, No.
3., 2022, in press.

Uplatnenie vysledkov projektu

Uplatnenie vysledkov projektu:

Vysledky ziskané pocas rieSenia nasho projektu nabadaju k zvazeniu lieCby chripky
antivirotikami hlavne u imunitne kompromitovanych jedincov, ale rozhodne poukazuju na
pozitivny u€inok oCkovania proti chripke, ktory méze zabranit tazkému priebehu chripkovej
a bakterialnej koinfekcie. Podobne mézme hladat paralelu u SARS-CoV-2 infikovanych
jedincov, u ktorych byva €asto virusovy zapal pluc komplikovany bakterialnou koinfekciou a
dochadza k synergii patologickych zmien spdsobenych koinfekciou, ktora sa nie vzdy da
zvratit' a uspesne vylieCit.

Suhrn vysledkov riesenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

NajdolezitejSie vysledky:

RieSenie projektu prinieslo viacero novych vyznamnych a prioritnych vysledkov v oblasti
vyskumu virusu chripky, ale aj v poznatkoch o procesoch prebiehajucich pocas chripkovej a
bakterialnej koinfekcie.

Hlavny ciel rieSenia projektu spocival v hfadani spésobu ako zabranit synergii chripkovej a
bakterialnej koinfekcie, ktora sa mdze rozvinut' do tazkého priebehu ochorenia spojeného s
nezvratnym poskodenim epitelu dychacich ciest a zlyhavanim organov. Na modeli
inbrednych BALB/c mySi sme optimalizovali davky stredne virulentného virusu
A/Mississippi/1/85(3N2) a bioluminiscentnych baktérii Streptococcus pneumoniae, ktorymi
boli mysiinfikované 7 dni po virusovej infekcii. Uvedené davky virusu, resp. baktérii
samostatne nespdsobili ochorenie s klinickymi priznakmi infekcie, avSak koinfekcia viedla k
100% hynutiu mysi. Na imunizaciu sme ako immunogén vybrali, z mnohych u nas
pripravenych konstruktov, DNA kon$trukt obsahujuci gény pre hemaglutinin subtypu H1
virusu A/PR8/34(H1N1), ktory mal deletovanu oblast génov kédujucich globularnu ¢ast
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hemaglutininu a jeho produkt obsahoval len konzervativnu kmernovu ¢ast HA. Takto
imunizované mysi boli infikované heterolégnym virusom chripky H3 subtypu. Zistili sme, Ze
imunizacia krizovo-protektivnou vakcinou zlepSuje prezivanie takto dualne infikovanych
mySi 0 20% v porovnani s neimunizovanym mySami. Paralelne sme sledovali cytokinovy
profil a protiatkovi odpoved u takto imunizovanych a koinfikovanych mysi.

Dalsim délezitym vysledkom, ktory sme ziskali po&as rieSenia projektu, bol vplyv
najCastejSie pouzivaného antivirotika proti chripke, Oseltamivir fosfatu (OS), na priebeh
chripkovej a bakterialnej koinfekcie. Zistili sme, Ze OS v zavislosti na davke a spdsobe
podavania (profylakticky-6h pred, alebo terapeuticky-42 h virusovej infekcii) nielen zmierni
chripkovu infekciu, ale uplne zabrani rozvoju bakterialnej koinfekcie. Paralelne sme sa
sustredili aj na imunitné parametre po€as koinfekcie, t.j. na tvorbu virus-neutralizujucich
protiatok a na cytokinovy profil u jedincov lieGenych s OS a nelieCenych. Zistili sme, ze OS
terapeuticky podavany vo vy$Sej davke (60 mg/kg) zabrani patologickym zmenam na
plucach infikovanych mysi. Virus-neutralizaéné protektivhe protilatky su indukované v
dostato€nej miere, hoci ich titre su v porovnani s titrami u nelie€nych mySi mierne znizené.
Pritom cytokinovy profil poCas bakterialnej koinfekcie kopiroval znizenie zapalového
procesu u OS lie€enych mySi v porovnani s nelieCenymi.

Uvedené vysledky nabadaju k zvazeniu lieCby chripky antivirotikami hlavne u imunitne
kompromitovanych jedincov, ale rozhodne poukazuju na pozitivny u€inok oCkovania proti
chripke, ktoré méze zabranit’ tazkému priebehu chripkovej a bakterialnej koinfekcie.
Podobne by sme mohli hfadat' paralelu u SARS-CoV-2 infikovanych jedincov, kde byva
Casto virusovy zapal pluc komplikovany bakterialnou koinfekciou a dochadza k synergii
patologickych dopadov koinfekcie, ktora sa nie vzdy da zvratit'.

Okrem tychto vysledkov sme pocas rieSenia projektu ziskali niekolko dalSich originalnych
vysledkov:

1/ Navrhli sme a metddou reverznej genetiky sme pripravili a analyzovali nové eSte
nepopisané varianty virusy chripky s presne definovanou mutaciou v HA2 glykoproteine,
ktoré mali zmenenu fuzogénnu aktivitu a s tym suvisiacu zmenu patogenity (Jakubcova et
al., J.Gen.Virol., 2019).

2/ 'V spolupraci s FCHPT Slovenskej Technickej Univerzity v Bratislave sme pripravili vysoko
citlivy imunosensor na detekciu chripkového virusu na baze monoklonovej protilatky
Specifickej voCi nukleoproteinu virusu chripky typu A, ktora bola skon$truovana na
Virologickom ustave SAV (Dunajova et al., Journal of Electroanalytical Chemistry, 2020).
3/ Urcili sme hranicu detekcie bioluminiscentnych baktérii Streptococcus pneumoniae
pomocou zobrazovacej metddy bioimaging na pristroji IVIS a porovnali sme s citlivostou
detekcie Satndardnymi metédami RT-gPCR a kultivaénou, spread plate method
(Briestenska et al., Archives of Microbiology, 2021)

4/ Ako prvi sme popisali targetovanie antigénu do endolyzozémov u virusu chripky na
zvySenie immunogenicity konzervovaného virusového antigénu, ektodomény M2e (Holly et
al., Acta virol., 2021).

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The work on this project brought several new and original results in the area of influenza
research, as well as new knowledge about the processes triggered in the host during
influenza and bacterial coinfection.

The main goal of this project was to find a way how to prevent the synergy of influenza and
bacterial coinfection, which often results in the irreversible damage of respiratory tract
epithelium and organ failure.

In a mouse model of inbred BALB/c mice, we optimized the doses of medium virulent virus
A/Mississippi/1/85(H3N2) and bioluminescent bacteria Streptococcus pneumoniae, by which
were mice coinfected 7 days after the viral infection. These doses of virus or bacteria did not
cause the disease with clinical symptoms after individual infection; however, the coinfection
resulted in death of all coinfected animals. For the immunization of mice, we selected a DNA
construct containing genes of hemagglutinin of H1 subtype of APR8/34(H1N1) virus
prepared in our laboratory, with deleted genes encoding the globular part of HA; thus, the
product contained only conserved HA2 stem. Immunized mice were infected with the
influenza virus of the heterologous H3 subtype. Immunization with this cross-protective
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vaccine improved the survival of coinfected mice by 20% in comparison to non-immunized
mice. Moreover, the cytokine profile and antibody response in the immunized coinfected
mice were monitored.

Another important result was obtained by the study of the influence of the most commonly
used antiviral drug against influenza, Oseltamivir phosphate (OS), on the course of influenza
and bacterial coinfection. Our results showed that OS not only moderates the influenza
infection depending on the dose and time of application (prophylactically-6h before or
therapeutically- 42h after viral infection), but fully prevents the development of bacterial
coinfection. We monitored the immune parameters during coinfection, i.e. induction of virus-
neutralizing (VN) antibodies and the cytokine profile in individuals cured with OS and
uncured. We showed that OS applied therapeutically in the high dose (60 mg/kg) prevents
the pathologic changes in the lungs of coinfected mice, but VN protective antibodies are
induced at a sufficient level, though titers are lower as in untreated mice. The cytokine
profile during coinfection was in correlation with the decreased inflammation process in OS
cured mice.

These results pointed to the consideration of antiviral drug therapy mainly in the
immunocompromised patient, and underline the significance of vaccination in the prevention
of the severe course of viral and bacterial coinfection. Similarly, we could find the parallel in
SARS-CoV-2-infected patients, where the pneumonia of viral origin is often complicated by
bacterial coinfection and results in the synergy of pathologic disorders of coinfection, which
not always can be reverted.

Other original results also arose during the work on this research project:

1/ We designed, prepared and analyzed new undescribed variants of influenza A virus with
defined mutations in HA2 gp, with changes in the fusion activity linked with changes in their
pathogenic properties (Jakubcova et al., J.Gen. Virol., 2019).

2/ In collaboration with FCHPT of the Slovak University of Technology, we developed a very
sensitive immunosensor for the detection of influenza virus based on the monoclonal
antibody specific to influenza A virus nucleoprotein, prepared at the Institute of Virology of
The Academy of Sciences in Bratislava, SR (Dunajova et al., Journal of Electroanalytical
Chemistry, 2020).

3/ We determined the detection limit for bioluminescence imaging of bacteria Streptococcus
pneumoniae and compared it with standard methods, reverse transcription quantitative PCR
(RT-gPCR) and spread plate method (Briestenska et al., Archives of Microbiology, 2021)

4/ For the first time we have shown that the targeting of conserved M2e of influenza A virus
into the endolysosomes results in its increased immunogenicity (Holly et al., Acta Virol.,
2021).
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