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NHbeKknoHHbIE 3a001€BaHMS SIBJISIFOTCS. OTHOM M3 BEAYIIHUX
IIPUYUH CMEPTHOCTH HACEICHUS

Asthma and
chronic obstructive

Infectious diseases

Annual deaths

pulmqn.ary disease Cardiovascular . . . {milione}
3.0 million conditions ﬁTi?XTécnsry infections 33?
: [ Diarrhoeal diseases 1.80
. Tuberculosis 1.56
lnjurlgs. Vaccine-preventable childhood diseases 112
5.2 million Malaria 1.27
STDs (other than HIV) 018
Meningitis 017
Hepatitis B and C 0.16
Infectious diseases Tropical parasitic diseases 0.13
14.9 million Dengue 0.02
Other infectious diseases 1.76
Morens et al., 2014

BHoBb BOo3HHKaONIMe HH(peKIHOHHDBIE 3a00eBanusa (emerging infectious disease) —
9TO 3a00JICBaHUS, KOTOpPHIE BIIEPBBIC IMOSBWJINCH B TOMYJISAIIMA W paHee B HEH HE
BCTPEYAINCH; TMOO paHee OrpaHUYESHHO MPUCYTCTBOBAIHN B MOMYJISIIMHA, HO 110 KaKOH-TO
NPUYMHE MOJIYUYWIIU [UPOKOE pACIPOCTPAHEHUE (MO YUCITY CIIy4aeB 3a00JICBAHUS U/WIIH

reorpapuuecKoMy pacrpoCTPaHEHHUIO).

Taxxke K 2ToMl Tpynme 3a00JeBaHUM OTHOCSATCS HW3BECTHBIE KOHTPOJHUPYEMBIC
UHQPEKUWH, JJIs1 KOTOPBIX IOSBIISIOTCS HOBBIE KIMHHYECKHE (POPMBI, B TOM YMCIE

JICTAJIbHBIC




Multidrug-resistant tuberculosis
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Morens et al., 2014
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Bupyc remopparnyeckon nmxopagkm d6ona ([13)

Otpsin

Mononegavirales

CewmerictBo  Filoviridae

Pon

Pon

Pon

BSL-4

Ebolavirus
Bun Tai” Forest ebolavirus
Bupyc: Bupyc Taiickux necos (Ta1” Forest virus, TAFV)
Bun Reston ebolavirus
Bupyc: Bupyc Pecron (Reston virus, RESTV)
Bun Sudan ebolavirus
Bupyc: Bupyc Cynan (Sudan virus, SUDV)
Bun Zaire ebolavirus
Bupyc: Bupyc D60mna (Ebola virus, EBOV)
Bun Bundibugyo ebolavirus
Bupyc: Bupyc bynau6yruo (Bundibugyo virus, BDBV)
Marburgvirus
Bun Marburg marburgvirus
Bupyc: Bupyc MapOypr (Marburg virus, MARV)
Cuevavirus
Bun Lloviu cuevavirus
Bupyc: Bupyc Jlnosuy (Lloviu cuevavirus, LLOV)

D =80 Hm
L =860-1200 Hm
(no 14000 Hm)

100

100



ANMaeMmnYecKme BCbILWKN reMopparm4ecknx IMxXopaaokK, Bbi3aBaHHbIX GUAOBMpPYCaAMU

Filovirus (species) Year Outbreak location Place of origin  Human cases (% mortality)
LVMARV 1967 Marburg/Frankfurt, Germany; Belgrade, Serbia  Uganda 32(23)
1975 Johannesburg, South Africa Zimbabwe 3(33)
1980 Nzoia and Nairobi, Kenya Western Kenya 2 (50)
1987 Kisumu, Kenya Western Kenya 1(100)
1998-2000  Durba/Watsa, DRC DRC 154 (83)
2004-2005  Uige, Angola Angola 252 (90)
2007 Uganda (western) Uganda 4(25)
2008 The Netherlands Uganda 1(100)
2008 United States Uganda 110)
ZEBOV® 1976 Yambuku, DRC DRC 318 (88)
1977 Tandala, DRC DRC 1(100)
1994 Ogooué-Invindo province, Gabon Gabon 52 (60)
1995 Kikwit, DRC DRC 315 (79)
1996 Mayibout, Gabon Gabon 37(57)
1996 Booue, Gabon and Johannesburg, South Africa  Gabon 60 (75)°
2001-2002  Ogooué-Invindo province, Gabon; Cuvette Gabon? 124 (79)
region, RC
2002-2003  Cuvette region, RC; Ogooué-Invindo province, ~ RC? 143 (90)
Gabon
2003 Mboma and Mbandza, RC RC 35(83)
2005 Etoumbi and Mbomo in Cuvette region, RC RC 12 (75)
2007 Kasai Occidental province, DRC DRC 264 (71)
2008-2009  Kasai Occidental province, DRC DRC 32 (47)
SEBOV 1976 Nzara, Maridi, Tembura, Juba, Sudan Southern Sudan 284 (53)
1979 Nzara, Yambio, Sudan Southern Sudan 34 (65)
2000-2001 Gulu District, Mbarrara, and Masindi, Uganda ~ Uganda 475 (53)
2004 Yambio County, Sudan Southern Sudan 17 (41)
20Mm Uganda (central) Uganda 1(100)
BEBOV 2007 Bundibugyo district, Uganda Uganda 149 (25
ICEBOV (CIEBOV) 1994 Tai Forest, Ivory Coast, and Basel, Switzerland  Ivory Coast 110)
1995 Liberia Liberia? 110)
REBOV 1989 Reston, Virginia (also Pennsylvania and Texas)  Philippines? 4(0)
1992 Siena, Italy Philippines 01(0)
1996 Alice, Texas Philippines 01(0)
2008 Philippines Philippines 0(0)




Ebola virus transmission from fruit bats to humans. The virus is transmitted
by contact with contaminated body fluids. Source: Centre for Disease Control,
USA

Enzootic Cycle Epizootic Cycle

New evidence strongly implicates Epizootics caused by ebolaviruses appear humans, with the exception of Reston virus which
bats as the reservoir hosts for sporadically, producing high mortality among does not produce detectable disease in humans.
ebolaviruses, though the means of non-human primates and duikers and may Little is known about how the virus first passes to
local enzootic maintainance and precede human outbreaks. Epidemics caused by humans, triggering waves of human-to-human
transmission of the virus within bat ebolaviruses produce acute disease among transmission, and an epidemic.

populations remain unknown.
Ebolaviruses:

Ebola virus (formerly Zaire virus)

Sudan virus

Tai Forest virus
Bundibugyo virus
Reston virus {(non-human)

Human-to-human transmission is a
predominant feature of epidemics.

Following initial human infe
contact with an infected
animal, human-to-human tr,
often occu
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Current FDA-approved antivirals and their targets

DrugBank ID Name Type Year of first approval Virus Target(s)
as an antiviral
DB00249 Idoxuridine Small molecule 1963 HSV DNA, viral thymidine kinase
DB00915 Amantadine Small molecule 1966 Influenza virus Viral matrix protein M2
DB00987 Cytarabine Small molecule 1969 Herpesviruses Human cytidine deaminase, human cytochrome P450 3A4, human deoxycytidine kinase, human

5’-nucleotidase, human deoxycytidylate deaminase

DB00194 Vidarabine Small molecule 1976 HSV, vzv Viral DNA polymerase, viral thymidine kinase, DNA

DB00811 Ribavirin Small molecule 1980 HCV, RSV Human inosine-5’-monophosphate dehydrogenase 1, human adenosine kinase, human cytosolic
purine 5’-nucleotidase

DB00787 Aciclovir Small molecule 1982 HSV1, HSV2, vzZV Viral DNA polymerase, viral thymidine kinase
DB00495 Zidovudine Small molecule 1987 HIV Viral reverse transcriptase
DB01004 Ganciclovir Small molecule 1989 CMV Viral DNA polymerase, viral thymidine kinase, DNA
- Tromantadine Small molecule Later than 1990 HSV Human glycoproteins

- Interferons Proteins 1990s Hepatitis, etc. Human IFNARs

DB00900 Didanosine Small molecule 1991 HIV Viral reverse transcriptase
DB00529 Foscarnet Small molecule 1991 CMV, HSV Viral DNA polymerase
DB00943 Zalcitabine Small molecule 1992 HIV Viral reverse transcriptase
DB00426 Famciclovir Small molecule 1994 HSV, vzv Viral DNA polymerase
DB00478 Rimantadine Small molecule 1994 Influenza virus Viral matrix protein M2
DB00649 Stavudine Small molecule 1994 HIV Viral reverse transcriptase
DB00709 Lamivudine Small molecule 1995 HIV, HBV Viral reverse transcriptase
DB00432 Trifluridine Small molecule 1995 HSV Viral thymidylate kinase
DB00577 Valaciclovir Small molecule 1995 HSV, VzV, CMV Viral DNA polymerase, viral thymidine kinase
DB00369 Cidofovir Small molecule 1996 CMV Viral DNA polymerase
DB00224 Indinavir Small molecule 1996 HIV Viral protease

DB00238 Nevirapine Small molecule 1996 HIV Viral reverse transcriptase
DB00299 Penciclovir Small molecule 1996 HSV Viral DNA polymerase, viral thymidine kinase
DB00503 Ritonavir Small molecule 1996 HIV Viral protease

DB01232 Saquinavir Small molecule 1996 HIV Viral protease

DB00705 Delavirdine Small molecule 1997 HIV Viral reverse transcriptase
DB00220 Nelfinavir Small molecule 1997 HIV Viral protease

DB01048 Abacavir Small molecule 1998 HIV Viral reverse transcriptase
DB00625 Efavirenz Small molecule 1998 HIV Viral reverse transcriptase

- Fomivirsen Oligonucleotide 1998 CMV Viral MRNA

DB00110 Palivizumab Humanized monoclonal antibody 1998 RSV Viral fusion glycoprotein FO
DB00701 Amprenavir Small molecule 1999 HIV Viral protease

DB00198 Oseltamivir Small molecule 1999 Influenza virus Viral neuraminidase
DB00558 Zanamivir Small molecule 1999 Influenza virus Viral neuraminidase
DB00632 Docosanol Small molecule 2000 HSV Viral envelope glycoprotein
DB01601 Lopinavir Small molecules 2000 HIV Viral protease

DB00022 Peginterferon alfa-2b Protein 2001 HCV Human IFNARs

DB00300 Tenofovir Small molecule 2001 HIV, HBV Viral DNA

DB01610 Valganciclovir Small molecule 2001 CmMvV DNA

DB00718 Adefovir Dipivoxil Small molecule 2002 HBV Viral DNA polymerase
DB00008 Peginterferon alfa-2a Protein 2002 Hepatitis Human IFNARs

DB01072 Atazanavir Small molecule 2003 HIV Viral protease

DB00879 Emitricitabine Small molecule 2003 HIV Viral reverse transcriptase
DB00109 Enfuvirtide Protein 2003 HIV Viral envelope glycoprotein
DB01319 Fosamprenavir Small molecule 2003 HIV Viral protease

DB00442 Entecavir Small molecule 2005 HBV DNA

DB00932 Tipranavir Small molecule 2005 HIV Viral protease

DB01264 Darunavir Small molecule 2006 HIV Viral protease

DB01265 Telbivudine Small molecule 2006 HBV Viral DNA polymerase, DNA
DB04835 Maraviroc Small molecule 2007 HIV Human CCR5

DB06817 Raltegravir Small molecule 2007 HIV Viral integrase

DB06414 Etravirine Small molecule 2008 HIV Viral reverse transcriptase
DB08873 Boceprevir Small molecule 2011 HCV Viral NS3 protein

DB08864 Rilpivirine Small molecule 2011 HIV Viral reverse transcriptase

DB05521 Telaprevir Small molecule 2011 HCV Virus NS3-4A protease



“One drug, one bug”

% % 5

Polymerase inhibitors

Translation
processing

Protease inhibitors

Marston et al., 2014
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Proposed adamantane binding sites of the M2 channel.
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Epitope mapping of EBOV cocktail MADs.
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Mapping of MAb KZ52 identifies the energetically critical epitope residues of the interaction.
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C179 binds an epitope in the HA stem.

l Cyrille Dreyfus et al. J. Virol. 2013;87:7149-7154

Journal of Virology
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“One drug, multiple bugs”

Virus targeted

|

Genome replication

o o &

Polymerase inhibitors:
BCX4430, T-705, CMX001

Marston et al., 2014
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Konnenmus Bupokjgerku («virocell»)

«The virocell (or ribovirocell), being a cellular organism,

corresponds to the ‘living form’of the virus, whereas virions

are in fact the equivalent of seeds or spores for multicellular
organismsy

(Patrick Forterre. 2012. The Virocell Concept. eLS).

KoHuenmus BUPOKIETKU HAIPABICHA HA YHU(PUKALINIO KIIETOYHOTO U
BUPYCHOI'O MUPOB B €IMHYIO CETh, OCHOBAHHYIO HA KJIIETOYHOU TEOPUU KU3HU.
«The virocell concept tells us that viruses are too important for life evolution

and cell biology to be only interesting for virologists»
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Proteomics approaches
Progeny virion Viral protein

G

Host proteins

Host proteins
involved in influenza
virus replication

Genome-wide screens
(e.g., RNAi-based screens)

e ARVE

Identification of antiviral drug candidates
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Other approaches

* Transcriptomics
¢ Lipidomics
* Genomics

* Other-omics

Identification and
T prioritization of targets ™~

* Bioinfomatics approaches
(e.g., Meta-analysis,
comptational network analysis)
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Currant Opinion in Virology




AHasn3 MeTOo/IaM1 CUCTEMHON BUPYCOJIOTUH

4

Mojenp B3auMOAEeCTBUN MEXKTY BUPYCOM U
OpPraHU3MOM XO3SIH1HAa

4

M3yuyeHue, OCMbIC/IEHHUE U IIPeCKa3aHne
MOJIEKYJIIPHBIX MEXaHU3MOB IPOTEKAHU A
HH(EKNN

4

OnpepesieHre KIKOUYEBBIX PETYJIATOPOB
nHPeKInU (MHAUBUIYaJIbHbBIE TE€HHI,
KJIETOYHbIE B3AaUMOAENCTBUS, METAOOIUECKUE

@ Bottleneck HyTH . T'H')
* Connects subnetworks
*Restricts information flow l
@ Hub
*Highly connected
- Contral point of control MuliieHU 47151 pa3pabOTKH HOBBIX

IIPOTUBOBUPYCHBIX CPECTB, INaTHOCTUYECKHE
MapKepsbl, OlleHKa 3O (PEKTUBHOCTH BAKI[UH



oseltamivir
sialidase (e.g., DAS181) i

\/ peramivir
—L NA laninamivir

'ACC inhibitors
(e.g., TOFA)

favipiravir (T-705)
ribavirin
viramidine

|:| Inhibitors targeting viral protein functions : Inhibitors targeting host cellular functions
Current Opinion in Viroloay



Iporeunaucyabpuanzomepaza (PDI) — kierounsrii GepMeHT, KaTalu3HPYIOIIH
oOpa3oBaHUE HATUBHBIX IUCYIbMUIHBIX CBS3€H B CHHTE3UPYEMBIX ICNTHIAX, a
TaK)Ke SIBJISIFOIIMICS MOJICKYJIIPHBIM IIAaliepOHOM, YYAaCTBYIOIIMM B IPOIIECCE
dbonauHra OEIKOBBIX IIETICH.
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BoccranoBuTenbHas akTUBHOCTh NOBEPXHOCTHOW PDI BaxkHa 1t nipu
BxoxkaeHuu BUY-1 B knetky

— gp#

— gp120
— gp#

—CD4 — gp120
PDI — PDI —

W - CE

Co-receptor Co-receptor
(CCR50rCXCR4) (CCR50rCXCR4)

PDI knactepusyetcst B obnactu CD4, mepsuunoro pernentopa BUY-1, koTopblii mMeeT pasHbIe
catel cBs3piBanms ¢ PDI m gpl20. gpl20 BHUY-1 ces3wiBactcs ¢ CD4, mocie 4ero mpoucxoauT
karanuzupyemoe PDI BoccraHoBiieHre 1o kpaiiHeld Mepe ABYX U3 JEBATH IUCYIb(UIHBIX CBS3EH
gp120. BoccraHoBneHne CTaOMIM3UPYIOMUX CTPYKTYPY AUCYAbGUIHBIX cBsi3el gpl20 mpuBoauT
KPYITHBIM KOH(OPMAIIMOHHBIM H3MEHEHHSIM, CIOCOOCTBYIOLIUM B3ammozeiicTeuio gpl20 ¢
kopernenrropamu CCR5 u CXCRA4.

Khan et al., 2011
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‘Spanish flu"
H1N1influenza
~50 million deaths

Nipah virus
>250 deaths

‘Hong Kong flu’
H3N2 influenza

‘Russian flu’
H1N1influenza

~700,000 deaths

1957-1958

‘Asian flu' H2N2 influenza
~100,000 deaths

‘Avian flu’ ‘Swine flu’

H5N1 influenza H1N1influenza

>371 deaths >15,000 deaths
1999-2002 ‘Avian flu’
HIN2 and H7N7 influenza H7N9 influenza
One death 44 deaths




