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Sunum lcerigi

* Giris
 Antiviral ajanlarin profili
* Viral patogenez
DNA/RNA virusleri
* Antiviral ajanlara genel bakis
* Antiviral ajanlarin etki mekanizmalari
e 21. yuzyilda major viral pandemilerde yeni kullanima giren antiviraller



* Virusler replikasyon icin konak htcresine ihtiyac duyan, zorunlu

intraseluler patojenler
* Viral yapi basit
protein kilif, nikleik asit, bazen lipid zarf

 DNA/ RNA tasirlar, tek/cift zincirli
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DNA RNA

* Adenovirus * Picornavirus
* Hepadnavirus * Othomyxovirus
* Herpesvirus * Paramyxovirus
(HSV1,2, VZV, CMV, EBV) * Rhabdovirus
e HPV e Arbovirus, rotavirus, retrovirus,

e PoOX Virus arenavirus, coronavirus



Tedavide zorluklar

* Identifikasyon, tarama, optimizasyon, klinik calismalar vb asamalari
* Semptom gelismesinden dnce viral cogalma gelisir

* Intraseliiler olarak konak metabolik siireclerini kullanirlar, sellektif
toksisiteye ulasmak zor

* DNA virusleri ve retrovirusler insan genomuna integre olduklarindan
viral rezervuarlari eradike etmek zor

* Viral varyasyonlar
* [lac direnci



Etkin antiviral ajan

e Uzun donem kullanimda ila¢ direncine direnebilmeli

* Insan genomuna entegre olan viral DNA etkilerine karsi durabilmeli
 Farkli viraslerle koenfeksiyonlari da tedavi etmeli

* [lag etkilesimi olmamall

 Kost efektif olmali

* Toksisitesi dusuk olmali



34 Antiviral ajan

The selection and use of essential medicines
2023

Web Annex A

World Health Organization
Model List of Essential Medicines

23rd list
(2023)

WHO Model List of Essential Medicines — 23rd List (2023)

6.4 Antiviral medicines

6.4.1 Antiherpes medicines

0 aciclovir Oral liquid: 200 mg/5 mL [c].

Therapeutic altematives: Powder for injection: 250 mg (as sodium salt) in vial.
- valaciclovir (oral) Tablet: 200 mg.

6.4.2 Antiretrovirals

Based on current evidence and experience of use, medicines in the following classes of antiretrovirals are included as essential
medicines for treatment and prevention of HIV (prevention of mother-to-child transmission, pre-exposure prophylaxsis (where
indicated) and post-expcsure prophylaxis). WHO emphasizes the importance of using these products in accordance with global and
national guidelines. WHO recommends and endorses the use of fixed-dose combinations and the development of appropriate new
fixed-dose combinations, including modified dosage forms, non-refrigerated products and paediatric dosage forms of assured
pharmaceutical quality.

Scored tablets can be used in children and therefore can be considered for inclusion in the listing of tablets, provided that adequate
quality products are available.

6.4.2.1 Nucleoside/Nucleotide reverse transcriptase inhibitors

abacavir Tablet: 300 mg (as sulfate).

Oral liquid: 50 mg/5 mL [c].
Tablet: 150 mg.

lamivudine

Tablet: 300 mg (tenofovir disoproxil fumarate — equivalent to
tenofovir disoproxil fumaratet 245 mg tenofovir disoproxil).

talso indicated for pre-exposure prophylaxis.

Capsule: 250 mg.

Oral liquid: 50 mg/5 mL.

Solution for IV infusion: 10 mg/mL in 20 mL vial.
Tablet: 300 mg.

zidovudine

6.4.2.2 Non-nucleoside reverse transcriptase inhibitors

efavirenz Tablet: 600 mg.
Oral liquid: 50 mg/5 mL.
nevirapineE Tablet: 50 mg (dispersibie); 200 mg.
> 65 weeks

6.4.2.3 Protease inhibitors
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Tenofovir (AcNPA)

Daclatasvir (NS5A inhibitor)

Sidovudi Nevirapine | Ledipasvir (NS5A inhibitor)
' &\:;Isl)ne (NNRTIs) [[ Maraviroc (Entry inhibitor)
; | Raltegravir (INSTIs)
Valacyclovir | | _
Ribavirin* (NA) (AgA) ‘ Sofosbuvir (NS5B)
broad spectrum Oseltamivir l
(Neuraminidase inhib.) .
| o \ Q Boceprevir (NS3/4A) \
Acyclovir (AgA) Saquinavir (Pls) | Telaprevir (NS3/4A)
| Famciclovir | Entecavir (NA) Dusc'ontmued’ | _—
. . (AgA) | | | ‘ 1
Amantadine | I “ : |
H+ channel blocker) \' H : ’ HBV/HCV treatment
HIV treatment
- HSV treatment
RSV and influenza treatment
1966 1982 1985 994 1205 1906 1909 2001 2005 2007 2011 2013 2014 -

Novékova L, Pavlik J, Chrenkova L, Martinec O, Cerveny L. Current antiviral drugs and their analysis in biological materials-Part I: Antivirals against respiratory and herpes
viruses. J Pharm Biomed Anal. 2018 Jan 5;147:400-416.
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Tutunma-giris Viral zarftaki glikoproteinler- konak hiicre
membranindaki res/co-res molekillerine baglanir, virls
endositozla hticre icine girer

Virus uncoating iceri giren virusun kapsidi konak hiicre
enzimleri ile degrade olur, viral genetik materyal konak
sitozolline salinir

Replikasyon ve transkripsyon DNA/RNA iceren viral genom
nukleusa transport olur, replikasyon ve transkripsyon ile multipl
genom kopyasi ve m RNA molekdlleri tretilir

Replikasyon mekanizmalari  DNA/RNA, tek/cift zincirli,
pozitif/negatif yonelimli farkllik

RNA genomu sitoplazmada replike olur

Protein sentezi m RNA konak hiticre proteinlerinin sentetik
mekanizmasini kullanarak stoplazmadaki yapisal ve regulatuar
proteinlere donusur

Yapilanma (assembly) viral genomun replikasyonu ve
ekspresyonu ile konak hilicreden salindiktan sonra yasamasi icin
gerekli olan komponentler Uretilir, yeni virlGslerin sentezi icin
gerekli tim komponentler biraraya toplanir

Salinim Progenitor virtsler tomurcuklanma/ konak hicre lizisi
ile ekstraselller siviya salinir. Lizis konak hiicre 6limiine neden
olur tomurcuklanma konak hicreyi 6ldirmeyebilir

@ @ Tompa DR, Immanuel A, Srikanth S, Kadhirvel S. Trends and strategies to combat viral infections: A review on FDA approved antiviral drugs. Int J Biol Macromol. 2021 Mar
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Intracellular viral replication cycle

Attachment Uncoating Replication Assembly Release
and penetration

- Exocytosis
- Budding
- Cell lysis



Intracellular viral replication cycle

Attachment Uncoating Nuclear Replication Assembly Release

and penetration entry
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Antiviral

e 0 == 1

Targeting viral function Targeting cellular function
that virus needs
Nucleie acid Proteases Integrases  Neuraminidases

polymerases

'

DNA dependant RNA dependant DNA dependant
DNA polymerase  RNA polymerase  RNA polymerase

Kausar S, Said Khan F, Ishag Mujeeb Ur Rehman M, Akram M, Riaz M, Rasool G, Hamid Khan A, Saleem I, Shamim S, Malik A. A review: Mechanism of action of antiviral drugs.
Int J Immunopathol Pharmacol. 2021 Jan-Dec;35:20587384211002621.




é Fusion
\ ;': Inhibitors of virion fusion/entry

Enfuvirtide, maraviroc, docosanol

Inhibitors of uncoating
Amantadine, rimantadine

Inhibitors of nucleic acid synthesis
Anti-herpes agents— acyclovir,

penciclovir, ganciclovir, foscarnet

Anti-HBV agents—entecavir, ade-  |......loooeviiennens > l

fovir, lamivudine, tenofovir

Anti-HIV agents—Ilamivudine, te- RNA or DNA synthesis

nofovir, zidovudine, emtricitabine, 1 Inhibitors of integrase

efavirenz, etravirine, rilpivirine

A S Integration into host DNA || Raltegravir, elvitegravir, dolutegra-
Anti-HCV agents—sofosbuvir, ri- g . Bl L &

= vir
bavirin 1

Synthesis of structural proteins

Protease inhibitors

Atazanavir, lopinavir, darunavir,
ritonavir, simeprevir, paritapre-
vir, grazoprevir

-+ Assembly of virions and release

Neuraminidase inhibitors
Oseltamivir, zanamivir, peramivir,
laninamivir octanoate

Exit of virions

Novékova L, Pavlik J, Chrenkova L, Martinec O, Cerveny L. Current antiviral drugs and their analysis in biological materials-Part I: Antivirals against respiratory and herpes
viruses. J Pharm Biomed Anal. 2018 Jan 5;147:400-416.
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Kombinasyon tedavileri

viral hlicre donglisinde replikasyon veya

diger onemli hiucresel islevleri bir
noktada etkileyerek

ilac direnci gelisimini yavaslatir/durdurur

cok



Antiviral ajanlar (FDA onayli)

Non nukleozid revers transkriptaz
inhibitorleri (NNRTIs)

Proteaz inhibitorleri

* Nukleozid analoglari
* Non nukleozid pirofosfat analoglari
e 5-2’ deoksiuridin analoglari

Influenza virlisu inhibe eden ajanlar

HCV NS5A protein ve NS5B
polimeraz inhibitorleri

e Asiklik nukleozid fosfonat
analoglari

* Asiklik guanozin analoglari
* Interferonlar

e immunomodulatorler

* Nukleozit revers transkriptaz * Antimitotik inhibitorler
inhibitorleri (NRTIs) * Oligonukleotidler

* Giris inhibitorleri
* integraz inhibitorleri



Viral ndkleik asit sentezinin inhibisyonu

Activation of aciclovir

Aciclovir
@ Viral thymidine kinase (TK)
Aciclovir-P

@ Cellular kinase

Aciclovir-P-P

‘3 Cellular kinase

Aciclovir-P-P-P
l Inhibition of viral DNA polymerase

_ synthesis

* Aciclovir, penciclovir (nukleozid analoglar)

 HSV/VZV’'Un kodladigi timidin kinaz ile
monofosfata  fosforilasyona  gereksinim
duyar

e Sellller kinaz asikloviri trifosfat formuna
cevirir bu viral DNA polimerazi inh eder,
viral DNA vya zincir sonlandirici olarak
baglanarak DNA sentezini inhibe eder

* Timidin kinaz tasimayan HSV asiklovir ve
pensiklovire direnclidir



Aciclovir, penciclovir

» Aktif enfeksiyonda etkili, latent etkinlik yok
* Sistemik HSV (ensefalit, genital herpes)
* VZV immun suprese olgularda sistemik

* %1 penciclovir, %5 aciclovir topikal ajanlar, po formlari orolabial
herpes ve genital herpes tedavisinde onayli

* CMV de etkisi yok (timidin kinaz yok), EBV zayif aktivite
* Immun yetmezlikte tekrarlayan/ciddi enf da profilaksi



Trifluridin

* Deoksiuridin analoglarinin fosforile
formu

* Viral ve selliler DNA replikasyonunu
ve HSV cogalmasini inhibe eder

* %1 soliisyon HSV1/2 keratokonjuktivit,
rec epiteliyal keratit

Brivudin timidin analogu

e HSV ve VZV’e trifluridin ve
iodoxuridinden daha spesifik etki

e 5’fosforile brivudin DNA polimerazi
hedefleyerek DNA sentezini inh eder

e 2000 yilinda herpes zoster
tedavisinde onay

 HSV1 nedenli epiteliyal keratitte
formu

Vidarabin nukleozid analogu, VZV DNA
polimeraz inhibitord, toksik,



< Vimlthymidine kinase >
Acyclovir monophosphate Penciclovir monophosphate
i i
H i
rvw rvw
i Cellular kinases >:—:
dy\ J\/b
Acyclovir Penciclovir
triphosphate triphosphate

HSV DNA
Polymerase

______

;

Acyclovir triphosphate gets
incorporated into HSV DNA
and causes DNA chain
termination

Valacyclovir

* prodrug, po alimdan sonra hepatik
metabolizma ile asiklovire dontsur

* asiklovirden 3-5 kat daha yuksek
plazma dizeyi

* etki sUresi >asiklovir

Famciclovir

e prodrug, kc de metabolize olarak
pensiklovire donuagur

* po genital herpes ve HZV
* iyi tolere edilir, asiklovir benzeri etki



Acyclovir monophosphate Penciclovir monophosphate
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Acyclovir triphosphate gets
incorporated into HSV DNA
and causes DNA chain
termination

Sidofovir aktive olmak icin viral timidin kinaza
gereksinim duymayan bir monofosforile
niukleotid analogu

* Selltler kinaz ile difosfat forma dénlgserek
viral DNA polimerazi inhibe eder ve
prematur zincir sonlanmasina yol acar

« HSV, CMV, adenovirus, HPV

* Timidin kinaz icermeyen, -
asiklovir/pensiklovir direncli virislere etkili

Foskarnet
* Inorganik pirofosfat analogu

. HdSV DNA polimerazi, viral RT inhibisyonu inh
eder

e Aktive olmak icin intraselltler viral timidin
kinaza ihtiyac duymaz

e Timidin kinazi olmayan asiklovire direncli
HSV, VZV'e etkili

* CMV, EBV, HHV-6, HBV ve HIV in vitro
etkinlik

* Gansiklovir, sidofovire direncli CMV
suslarinda (HIV + retinit) etkin



* Amenamevir ve pritelivir
* Nikleotid/nikleozid analogu degil
* Timidin kinaz ile fosforilasyona gereksinimi yok
eder, HSV 1 ve 2 ye etkin

* Helikaz- primaz kompleksi: DNA replikasyonunda gerekli olan helikaz,
primaz ve kofaktorlerden olusan heterotrimer

e Genital herpes tedavi ve supresyon klinik calismalari devam etmekte



g Mutations in UL-97
UL97 kinase » UL97 kinase
P GCV cov )
Cellular kinase Cellular kinase
Cellular kinase Cellular kinase
(P =P ) ‘ " P )P
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' Mutations in UL-54

DNA polymerase complex
(UL54, UL44, UL114)
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Safrin S. Antiviral drugs. IN:Basic and Clinical Pharmacology.

14th ed. Lange. 2018

Gansiklovir
e Guanozin analogu, 1989 FDA

CMV’nin kodladigi UL97 kinaz ile 5
monofosfata fosforile edilir

selltler kinaz ile trifosfat formu

GTP DNA zincirine inkorpore olur ve DNA
polimeraziinh, viral DNA sentezi sonlanir

Hicre icinde aktif gansiklovir asiklovirden
10 kat daha yuksek, etkinlik daha yuksek

Sellektivite dusuk, toksik yan etki

Valgansiklovir

* Asiklik guanozin analogu, po formu var,
gansiklovire dénusur, gansiklovirden daha
lyi iyilesme sureci

* CMV retiniti, yuksek riskli SOT ve KIT CMV
profilaksisi
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* HHV-6, HSV, VZV etkisi yok

Sun K, Fournier M, Sundberg AK, Song IH. Maribavir. Mechanism of action, clinical, and translational science. Clin Transl Sci. 2024 Jan;17(1):e13696.



Maribavir

e CMV UL97 kinaz inhibitéru, fosforilasyonu
inh

* DNA replikasyonu enkapsidizasyonu
viral kapsidin ntkleer cikisini inh

* DNA polimeraz inhibitorlerine
direncli/refrakter CMV de etkili

* Diger herperviruslere etkinligi yok
* SOT, KIT CMV profilaksisinde dnerilmiyor
* Direng?

\ 2
N\ §om /
S fepicaton ?of"“c"“'/’ Maribavir
________

Sun K, Fournier M, Sundberg AK, Song IH. Maribavir: Mechanism of action, clinical, and translational science. Clin Transl| Sci. 2024 Jan;17(1):e13696.



Lamivudine dideoksinukleozid sitozin analogu

* Fosforilizasyon sonrasinda RT DNA zincir terminasyonunu inh ederek
DNA sentezini inh

* Oral biyoyararlanimi yuksek, HBV tek, HIV de kombinasyon, direnc

Telbivudine timidin analogu

* Fosforile olup aktive olur, viral DNA polimerazi ve RT inh, replikasyonu
inh ederek, DNA sentezini bozar

e Direnc bariyeri disuk

David J Quan, Marion G Peters. Antiviral therapy: nucleotide and nucleoside analogs. Clinics in Liver Disease. Volume 8:Issue 2,2004,Pages 371-385,ISSN 1089-3261
Amarapurkar DN. Telbivudine: a new treatment for chronic hepatitis B. World J Gastroenterol. 2007 Dec 14;13(46):6150-5.



Entecavir

HBV DNA polimerazin 3 aktivitesini
bloke eder

1. Baz priming

2. Pregenomik m RNA’dan HBV DNA'niIn
negatif zincirlerinin revers
transkripsyonunu inh

3. Pozitif zincirli HBV DNA sentezini
bloke eder

 HBV DNA supresyonu > lamivudin,
direnc < lamivudin, HIV etkinligi
disuk
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* Nukleotid analogu, RT, HBV DNA

Viral Enter Uncoating T Secretion

polimeraz inhibitori

* DNA sent inh icin fosforilasyon f i I o N\
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Kausar S, Said Khan F, Ishag Mujeeb Ur Rehman M, Akram M, Riaz M, Rasool G, Hamid Khan A, Saleem |, Shamim S, Malik A. A review: Mechanism of action of antiviral drugs. Int J Immunopathol Pharmacol. 2021 Jan-
Dec;35:20587384211002621.

Wassner C, Bradley N, Lee Y. A Review and Clinical Understanding of Tenofovir: Tenofovir Disoproxil Fumarate versus Tenofovir Alafenamide. J Int Assoc Provid AIDS Care. 2020 Jan-Dec;19:2325958220919231.



Ribavirin
e 1985 onay, guanozin analogu
* Genis spektrumlu oral/IV

* Inozin 5’'monofosfat dehidrogenazi inh
ederek viral RNA polimeraz ve viral RNA
sent inh

 DAA direncli HCV pangenotipik
kombinasyonda

* RSV bronsioliti/pndmonisi

e Influenza A,B, Parainfluenza
* HIV1

* Viral kanamali ates etkenleri

.......... .
_______ .~ Diefective HOV particles
- A — decrease of infectivity Q

RBV

Regulation of THU/TH2 equalibrium

@ YOOO00000OOCK — Increase of interferon response




DAA

e glecaprevir
* grazoprevir
’ paritapreVir NS3/4A serin proteaz inh, islemlenme
o Simeprevir ve replikasyon inh picabbioy
. . R SNTR
 voxilaprevir NS3/4A proteaz inh
e daclatasvir (c) Pl4Kill-alpha buvir
~ NS3
e elbasvir " 1
: : C NS2
* ledipasvir 3. E1E2 p7
* ombitasvir
. . NS5B
* pibrentasvir
* velpatasvir NS5A polimeraz inh
e dasabuvir Pangenotipik, dirence karsi yuksek bariyer
: : : f vir/vel vir siroz dahil 2016 on
e sofosbuvir NS5B polimeraz inh sofosbu ./ e.patas : siroz da 016 onay
glecaprevir/pibrentasvir 2017 onay
Sofosbuvir fosf ||e akt olur, n[]k|e0tid|er|e AIazard-Dgny N, Denolly S, Boson B, Cosset FL. Overview of HCV Life Cycle with a Special Focus on Current and Possible Future Antiviral
. . Targets. Viruses. 2019 Jan 6;11(1):30.
yarisara k zincir sonlanmasi Novéakova L, Pavlik J, Chrenkova L, Martinec O, Cerveny L. Current antiviral drugs and their analysis in biological materials - Part II: Antivirals against hepatitis

Dasa bUVir a||OSterik Ola ra k NSSB |nh and HIV viruses. J Pharm Biomed Anal. 2018 Jan 5;147:378-399.



 Favipravir modifiye pirazin analogu, RNA bagimli RNA polimeraz inh
* Japonya’da Influenza A,B,C onayl

* H5N1 dahil ve bircok pozitif /negatif yonelimli RNA virusuna etkili

* NA inhibitorlerine direncli Influenza da alternatif olabilir
 NOrovirus, Arenavirusler ?



Blocked by CCR5
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Blocked by protease:
inhibitors

CD4 res CCR5 co-receptoriine baglanma Giris
inhibitorleri

HIV T hiice membrani ile flizyon sonrasinda kendi RNA
sini konak hucreye salar, flizyon inhibitorleri

Hiicre stoplazmasinda HIV RNA RT ile DNA ya donusur
NRTI/ NNRTI RT’a kompetetif/non kompetetif
baglanarak bu asamayi inhibe ede

Nukleusta HIV DNA konak DNA sina HIV integraz
enzimi ile entegre olur, integraz inhibitorleri

Viral DNA replikasyonu, plazmada translasyon icin
toplanan HIV proteinlerini kodlayan ek HIV RNA
olusumu

Proteinlerin biraraya gelmesinden sonra yeni HIV
virionlari olusur ve konak hucreden disariya
tomurcuklanarak cikar

HIV proteazi immatur viral proteinleri klive eder, bu
sekilde maturasyon ve diger hicreler enfekte edilir, bu
asama Pl ile inhibe edilir



NRTIs

Nukleozid ve nukleotid analoglari viral RT’i
inhibe ederek viral komplementer DNA
sentezini inhibe eder

» Zidovudin(1983 ilk onay), tenofovir,
emtrisitabin, abakavir, didanosin, LAM,
stavudin

* Direnc RT kodlayan pol gen mutasyonu

NNRTIs

Revers transkriptaza baglanir ancak
nukleozid ve nukleotid analoglarinin
aksine aktif bolgeden uzakta bulunurlar

* Nevirapin, efavirenz, rilpivirin,
delavirdin, doravirin, etravirin

e Tek kullanimda R, NRTI ile kombine

* CYP450 ile metabolize, ilac reaksiyonu
sik



 LAM+zidovudin 1997 ilk kombinasyon ted

e Lopinavir+ritonavir 2000 onay tek tbl, ritonavir konak sitokrom CYP3A(sit
p450 nin alt ailesi) proteini inh ile lopinavirinin metabolizmasini engeller

e Abakavir slilfat+lamivudin+zidovudin tek tbl RT inh
e Efavirenz (NNRTI)+lamivudin (NRTI) +TDF (NRTI) tek tbl
e Lamivudin+tenofovir(NRTlIs) tek tbl onayli

e Doravirin (NNRTI) HIV 1 eriskinde onayli, lamivudin ve TDF (NRTI) ile
kombinasyonda onayli

e Darunavir (Pl) +cobistat (konak CYP3A inh)+emtricitabin (NRTI)+TAF (NRTI)
tek tbl




Proteaz inhibitorleri(Pl)

* HIV 1 proteazini bloke ederek pol-gag poliproteininin klivajini engeller,
matur viral protein olusumu ve HIV replikasyonunu inh eder

* IntrasellUler aktivasyona gereksinim duymazlar

* R nedenli monoterapi kontrendike

e Sakinavir mesilat ilk onay PI

e Atazanavir, darunavir, fosamprenavir, indinavir, nelfinavir

* Ritonavir diger Pl in biyoyararlanimini ve yari 9mruna arttirmak icin
(nelfinavir disinda)dusuk dozlarda kullanilmakta (BOOSTER)



Integraz inhibitorleri

* Viral DNA'nin konak DNA’sina integrasyonunu bloke ederek
replikasyonu inh eder

* Raltegravir, elvitegravir, dolutegravir, biktegravir, cabotegravir
* Raltegravir 2007 onay ilk integraz inh

* Yuksek etkinlik ve dirence karsi ylksek genetik bariyer, glivenli
rehberlerde ilk secenekler
Dolutegravir+lamivudin (NRTI) 2 ilag rejimi 2019 onay $Tivicay
Bictegravir (INSTI)+emtricitabin (NRTIs)+TAF (NRTIs) 2018 onay tek tbl onay wm,
Cabotegravir+rilpivirine 2021 onay, son olarak 8 haftada bir IM
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* Virusun selltler reseptorine yapismasinin Y (
ardinda hucreye girisinin inhibisyonu g | CF
Enfuvirtide (fizyon inhibitori) sy A )
e 2003 ilk onay 36 aa den olusan peptid Y
* Viral gp41’e kompetetif olarak baglanarak A Vg
hiicreye flizyonu onler =)
* Sc, uzun sure kullanimini kisitlar, pahalli, é
kurtarma rejimlerinde tercih _
Fusion
Inhibitors

Maraviroc (CCR5 antagonisti)1996 Doconasol (gm inh) o
j _ R _ * HSV %10 topikal kullanimda herpes labialis iyilesme
* T hicresi ve monosit GUzerindeki CCR5 siiresini kisaltir, giivenli, 2000 onay
coreseptorinu bloke ederek gp120ile
baglanmasi 6nler

* Insan klinik calismalarinda R5HIV1 de etkin,
RI£(IHIV1 de etkili degil, fenotipe bagl sellektif
aktivite

e HSV zarfiile epitel hiicresi membran reseptori arasindaki
etkilesimi inh



CAP-bagimli endonukleaz inhibitorleri

Baloxavir marboxil

* Influenza A ve B nin cap bagimli endonukleazini inhibe ederek RNA
polimeraz ve m RNA replikasyonunu engeller

* Faz 3 calismasinda etkin
* 2018 onay
* |Ik 48 saatte baslandiginda semptom suresini azaltir



RNA antisens nukleotidleri

* mMRNA transkripsyonunu inhibe ederler
Fomivirsen

* Tedaviye yanitsiz/intoleran HIV olgularinda CMV retinitinde
intravitreal uygulama



Virus uncoating inhibisyonu

* Amantadin, rimantadin

'nin M2 (matrix ) ion kanalindan H ion pasajini bloke
ederek virusun hicreye girisinden sonra soyulmasini inh eder

 Amantadinin oral biyoyararlanimi ylksek, 6zellikle 60 yas Gizerinde

* Rimantadin amantadinden 4-10 kat etkin, daha iyi tolere, uzun etkili
* Influenza A2 profilaksi, tedavisi

* Dolasan tum suslar R



Viral salinim inhibisyonu

e Oseltamivir (po), zanamivir (inh), peramivir (1V), laninamivir octanoate
(inh)

* Noraminidaz inhibitorleri enfekte hiicrelerden ‘nin
salinimini inh

* Influenza A,B ilk 48 saatte alindiginda semptomlari azaltir

* Eriskin ve 21 yas oseltamivir profilaksi

* >5 yas zanamivir profilaksi

* Laninamivir octanoate uzun etkili, oseltamivir R olgularda tercih



Monoklonal antikor

ibalizumab 2 ////////// \§ e
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Beccari MV, Mogle BT, Sidman EF, Mastro KA, Asiago-Reddy E, Kufel WD. Ibalizumab, a Novel Monoclonal Antibody for the Management of Multidrug-Resistant HIV-1 Infection.
Antimicrob Agents Chemother. 2019 May 24;63(6):€00110-19.



Monoklonal antikor

Palivizumab
e Kost efektif

* 1998 preterm infantlarda ciddi
RSV olasiliginda profilakside onay

e RSV flzyon proteininin A antijenik
bolgesindeki epitopu hedefler,
konak htcreye baglanmayi dnler

Palivizumab

\a - i ”
. s RSV

o O



Monoklonal antikor

VariZlG
* Insan plazma monoklonal antikoru

* Immunsuprese olgulardaki VZV
enfeksiyonlarinda 2012 onay

e Intramuskuler

e Temas sonrasi ilk 96 saatte

VARIZIG




Interferonlar

* IF a2a ve 2b HBV ve HCV

e Antiviral, immunomodulatuar, antiproliferatif

* Viral protein sentez inh

* Viral RNA yikimini arttirir

* MHC clas-1 ekspresyonunu arttirir

* IF a2b 1988 yilindan beri genital HPV intralezyoner
* Recombinant IF aN3 1997 yilinda HPV intralezyoner



Diger

(immun stimulan ve antimitotik inhibitorler)

Imiquimod (R837)
* Imidazoquinoline amine analogu

* Immun yanit diizenleyici, potent
indirek antiviral etki,

* Makrofajlari indukleyerek INF-a,
TNF-a, IL-1, IL-6, IL-8 sekresyonu

bazal cell ca, mesane ca icin FDA
onayl

* %5, 1997 onay alan krem,

-

Podofilox
tedavisinde

* Metafazda mitotik ig olusumunu
inh ederek hucre bolinmesini
bozan sitotoksik ajan




Diger
(immun stimulan ve antimitotik inhibitorler)

Sinecatechin %15
e Bitkisel ajan (Cin yesil cayindan purifiye edilen catechinler)
e 2006 tedavisi icin onay

» Oksidatif stres icin gerekli enzimleri, tm hicre sinyalizasyonundaki ve
apopitoz induksiyonu icin gereken kinazlari inhibe eder

Balaji G. Sinecatechins: A better prospect for treating anogenital warts. Indian J Sex Transm Dis AIDS. 2014 Jan;35(1):75-6



21. yUzyildaki major viral
pandemi etkenleri

Domuz gribi
Ebola

SARS

MERS CoV
SARS CoV-2
Monkey pox



Domuz gribi

* Influenza tip A, HIN1, HIN2, H2N1, H3N1, H3N2, H2N3 subtipleri
* Oseltamivir

* Peramivir

* Zanamivir

* Baloxavir marboxil



Ebola virus

* FDA onayli gelistirilen tedavi ajani bulunmamakta
* Favipravir yuksek viral yiku olan olgularda basarili degil

e ZMapp 3 monoklonal antikorunda olusan kokteyl bati Afrika salgininda
denenmis, RCT etkin degil

* Remdesivir nukleotid analogu RNA polimeraz inhibitori Ebola virusunun
bircok varyantina etkili

* 2018 Kongo salgininda Zmapp (ucli monoklonal antikor), remdesivir,
mAb114(tek monoklonal antikor), REGN-EB3(liclii monoklonal
antikor)kullanildi

Bunlardan REGN-EB3 ve MAb114 survive daha yuksek, kullanimda WHO

https://www.who.int/news/item/19-08-2022-who-makes-new-recommendations-for-ebola-treatments-----calls-for-improved-access



SARS ve MERS tedavisi e —

structural proteins
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 Remdesivir, lopinavir-ritonavir, =
interferonlar >
. . : : | /Repication m.:;::‘m.
* Remdesivir RNA polimerazi inh A\w@ ( o

eden nukleozid analogu ooy

Filoviridae, Pneumoviridae,
Paramyxoviridae, Coronaviridae
etkili

Exocytosis

Hoet Cell Cytoplaem

Extracellular Space

Heleased Viruses

Drozdzal S, Rosik J, Lechowicz K, Machaj F, Szostak B, PrzybycinskiJ, Lorzadeh S, Kotfis K, Ghavami S, tos MJ. An
update on drugs with therapeutic potential for SARS-CoV-2 (COVID-19) treatment. Drug Resist Updat. 2021
Dec;59:100794.

Singh AK, Singh A, Singh R, Misra A. Remdesivir in COVID-19: A critical review of pharmacology, pre-clinicaland
clinical studies. Diabetes Metab Syndr. 2020 Jul-Aug;14(4):641-648.




Lopinavir-ritonavir

* SARS-CoV un 3CLPkismina inh

* Marmosetlerde MERS-CoV modelinde iyilesme

Lopinavir-ritonavir +ribavirin

* SARS olgularinda viral yuki ve 6lime neden olan semptomlari azaltir
Lopinavir-ritonavir+recombinant IF Bl1b

* Hospitalize MERS-CoV olgularinda mortaliteyi azaltir

Tip 1 IFN

* |n vitro ve in vivo primatlarda SARS-CoV ve MERS-CoV da etkili

* Ribavirin ve lopinavir-ritonavir ile kombine kullanilabilir

Arabi YM, Asiri AY, Assiri AM, Balkhy HH, Al Bshabshe A, Al Jeraisy M, Mandourah Y, Azzam MHA, Bin Eshag AM, Al Johani S, Al Harbi S, Jokhdar HAA, Deeb AM, Memish ZA, Jose J, Ghazal S,
Al Faraj S, Al Mekhlafi GA, Sherbeeni NM, Elzein FE, Al-Hameed F, Al Saedi A, Alharbi NK, Fowler RA, Hayden FG, Al-Dawood A, Abdelzaher M, Bajhmom W, AlMutairi BM, Hussein MA, Alothman
A; Saudi Critical Care Trials Group. Interferon Beta-1b and Lopinavir-Ritonavir for Middle East Respiratory Syndrome. N Engl J Med. 2020 Oct 22;383(17):1645-1656.



SARS-CoV-2

Klorokin virusun htcreye girisi ile interferans
Remdesivir adenozin nukleotid analogu

* SARS-CoV-2'nin RNA replikazini inh eder, RNA sentezi ve viral replikasyon
inh

* WHO Interim solidarity klinik calismasi
remdesivir, klorokin, lopinavir ve IFN Bla
COVID-19 nedeniyle hospitalize olgularda
mortalite, ventilasyon, hastaneden kalis sliresine cok az etkili /etkisizdir

WHO Solidarity Trial Consortium; Pan H, Peto R, Henao-Restrepo AM, Preziosi MP, Sathiyamoorthy V, Abdool Karim Q, Alejandria MM, Hernandez Garcia C, Kieny MP, Malekzadeh R, Murthy S, Reddy KS, Roses Periago M, Abi Hanna P, Ader F, Al-Bader
AM, Alhasawi A, Allum E, Alotaibi A, Alvarez-Moreno CA, Appadoo S, Asiri A, Aukrust P, Barratt-Due A, Bellani S, Branca M, Cappel-Porter HBC, Cerrato N, Chow TS, Como N, Eustace J, Garcia PJ, Godbole S, Gotuzzo E, Griskevicius L, Hamra R, Hassan
M, Hassany M, Hutton D, Irmansyah I, Jancoriene L, Kirwan J, Kumar S, Lennon P, Lopardo G, Lydon P, Magrini N, Maguire T, Manevska S, Manuel O, McGinty S, Medina MT, Mesa Rubio ML, Miranda-Montoya MC, Nel J, Nunes EP, Perola M, Portolés A,
Rasmin MR, Raza A, Rees H, Reges PPS, Rogers CA, Salami K, Salvadori MI, Sinani N, Sterne JAC, Stevanovikj M, Tacconelli E, Tikkinen KAO, Trelle S, Zaid H, Rattingen JA, Swaminathan S. Repurposed Antiviral Drugs for Covid-19 - Interim WHO
Solidarity Trial Results. N Engl J Med. 2021 Feb 11;384(6):497-511.



CR3022 SARS-CoV antikoru
* Konaga baglanan S glikoprotein potent terapotik hedef
Camostat mesylate

* Konak serin proteaz TMPRSS2’a karsi akc hicre kiltiriinde enf nu
azaltmis

Arbidol konak hiicre membrani ile virusun fliizyonunu inhibe eder
Lopinavir-ritonavir esas proteazlar olan 3CLP™ MP™ hedef
Baricitinib selektif JAK-1, JAK-2 inh inflamasyonu azaltir
Tofacitinib selektif JAK-1, JAK-3’0 azaltir, sitokin aktivitesi inh

Hashemian SMR, Sheida A, Taghizadieh M, Memar MY, Hamblin MR, Bannazadeh Baghi H, Sadri Nahand J, Asemi Z, Mirzaei H. Paxlovid (Nirmatrelvir/Ritonavir):
A new approach to Covid-19 therapy? Biomed Pharmacother. 2023 Jun;162:114367.



Tocilizumab

* |L-6 reseptor spesifik antikoru, immun yaniti azaltir
Malgie ve ark. 2021, meta-analiz

* 10 calisma 1358 hasta

Arthur ve ark. 10 RCT
* 6493 hasta, 3358 (52.2 %) tocilizumab ted verilmis

* MV ihtiyacinda ve ICU yatisinda azalma yok
NCT04320615 ¢alismasi tocilizumab ve plasebo grubu arasinda

Malgie, J., Schoones, J.W., Pijls, B.G., 2021. Decreased mortality in coronavirus disease 2019 patients treated with tocilizumab: a rapid systematic review and meta-analysis of observational studies. Clin.
Infect. Dis. 72 (11), e742—e749. https://doi.org/ 10.1093/cid/ciaal445.

Arthur, T., Snow, C., Saleem, N., Ambler, G., Nastouli, E., Singer, M., 2021. Tocilizumab in COVID - 19 : a meta - analysis, trial sequential analysis, and meta - regression of randomized - controlled trials.
Intensive Care Med

Rosas, I.0., Br™ au, N., Waters, M., et al., 2021. Tocilizumab in hospitalized patients with severe Covid-19 pneumonia. N. Engl. J. Med. 384 (16), 1503—-1516.



Molnupravir
* N-hydroxycytidine ribonukleozid analogunun oral 6ncul ajani

* Fosforile olarak TP haline donustr

* NHC-TP viral kompetitif substrati
gorevi ile viral replikasyonu bozar

* Direnc bariyeri ylksek
varyantlarina etkili

Maas BM, Strizki J, Miller RR, Kumar S, Brown M, Johnson MG, Cheng M, De Anda C, Rizk ML, Stone JA. Molnupiravir: Mechanism of action, clinical, and
translational science. Clin Transl Sci. 2024 Feb;17(2):e13732.
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Nirmatrelvir Ritonavir - Nirmatrelvir+ritonavir tbl (paxlovid)
3CL benzeri proteazi inhibe ederek ~ proteazomlari, HSP90 (heat shock protein 90), 2021 FDA onayi, genis klinik calisma yok
replikasyonu suprese eder CYP3A4, ve P glikoproteinini inh eder

Antiretroviral proteaz inh Immun hicre modulasyonu

Omicron ve subvaryantlara etkili Nirmaltrelvirin yari 8mrinu uzatir

Hashemian SMR, Sheida A, Taghizadieh M, Memar MY, Hamblin MR, Bannazadeh Baghi H, Sadri Nahand J, Asemi Z, Mirzaei H. Paxlovid
(Nirmatrelvir/Ritonavir): A new approach to Covid-19 therapy? Biomed Pharmacother. 2023 Jun;162:114367.
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Monkeypox

Tecovirimat cicek hastaliginda etkin, (IV, po) ciddi olgularda, EMA, FDA,
Kanada onayli

* Enfekte konakta yayilmasina neden olan

* Primat modellerinde hayatta kalimi arttirir
* Insan olgu sunumlarinda semptomlarda azalma ve viral klirens
* 2022 salgininda in vitro etkin, genotipik ve fenotipik direnc bildirilmis

* Insan RCT eksik, acil durumda izin, insan etkinlik calismalari devam
etmekte

Mitja O, Ogoina D, Titanji BK, Galvan C, Muyembe JJ, Marks M, Orkin CM. Monkeypox. Lancet. 2023 Jan 7;401(10370):60-74. doi: 10.1016/S0140-6736(22)02075-X.
Epub 2022 Nov 17. Erratum in: Lancet. 2022 Dec 3;400(10367):1926.



Monkeypox

 Cidofovir (1V, topikal)
In vitro etkili, hayvan modellerinde mortal olgularda etkili
 Brincidofovir (po) oral cidofovir analogu, renal acidan daha avantajl

Cicek ted de EMA, FDA onayli, ingiltere onayli degil, CDC genisletilmis
erisim protokolu

Ingiltere’de sadece tecovirimat dnerilmekte

* NIOCH-14 tecovirimat analogu tecovirimat ile hayvan kontrol
calismalarinda 7. glinde kontrol grubuna goére akc de viral yuku azaltir

 Vaccinia immune globulin (VIG) cicek asisi ile asilanmis bireylerin
birlestirilmis érneklerinden elde edilir

Mitja O, Ogoina D, Titanji BK, Galvan C, Muyembe JJ, Marks M, Orkin CM. Monkeypox. Lancet. 2023 Jan 7;401(10370):60-74.



Son sOz

* Virusler-insanlik savasi sirmekte

* Yeni virusler pandemilere neden olmakta
* Yeni antivirallere ihtiyac kacinilmaz

e Bulasi 6nleme

* Tanidaki gelismeler patogenezi aydinlatiyor, teknolojik ilerlemeler yeni
ajanlarin kesfi

* Viruslerle ilgi bilgi arttikca tedavide yeni ufuklar



Sabriniz icin tesekkir ediyorum



