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Overview of
Viral infections

Encephalitis/

meningitis Common cold Eye infections

- JC virus - Rhinoviruses - Herpes simplex virus
- Measles - Parainfluenza virus - Adenovirus

- LCM virus - Respiratory syncytial - Cytomegalovirus

- Arbovirus virus

Pneumonia

- Influenza virus,
Types A and B

- Parainfluenza
virus

- Respiratory
syncytial virus

- Adenovirus

- SARS coronavirus

Parotitis

- Rabies

pharyngitis/Gingivostomatitis

- Adenovirus - Herpes simplex type 1

- Epstein-Barr virus
- Cytomegalovirus

Cardiovascular
- Coxsackie B virus

Hﬁpﬂlﬁf ) Myelitis
-t epa ,IAISE:/WCU‘,ISD = - Poliovirus
ypeS ) ’ ’ I - HTLV_I

Skin infections
- Varicella zoster virus
- Human herpesvirus 6

Gastroenteritis
- Adenovirus

- Smallpox - Rotavirus

- Molluscum contagiosum ' - Norovirus

- Human papillomavirus Sexually transmitted - Astrovirus

- Parvovirus B19 diseases - Coronavirus
- Rubella - Herpes simplex type 2

- Measles - Human papillomavirus Pancreatitis

- Coxsackie A virus - HIV - Coxsackie B virus



Anti-Viral drugs

AMany antiviral drugs are Purine or
Pyrimidine analogs.

AMany antiviral drugs are Prodrugs.

I They must be phosphorylated by viral or
cellular enzymes in order to become active.

A Anti-viral agents inhibits active
replication

I so the viral growth resumes after drug
removal.



Antl-viral drugs

A Current anti-viral agents do not eliminate
non-replicating or latent virus

A Effective host immune response remains
essential for the recovery from the viral
Infection



Anti-viral drugs

Stages of viral replication
A Cell entry i attachment
- penetration
A Uncoating
A Transcription of viral genome
A Translation
A Assembly of virion components
A Release
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= Single stranded RNA Orthomyxovirus \é’mﬁ-\| g s
m Influenza A and B have structural e
differences that influence therapeutic W | e
viral targets: N Sy e
~1 Capsule proteins Pt il
= HA (fusion/uncoating), NA (release) shared Pe, P, PRy \/

= Flu A: M2 ion channel (uncoating and assembly)

Antivirals:
Zanmivir
Oseltamivir
Peramivir

= Flu B: BM2 and NB Protein channels

~1 Ribonucleoprotein complex (RNA segments 0
coated with NP + RNA polymerase)

~mRNA —

-1 Sialic Acid (enables HA binding to host cell) [T

Nicholson 2018
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Flu — FDA Approved

m M2-lon Channel Blockers
“JAmantadine/Rimantadine

m Neuraminidase Inhibitors
1 Oseltamivir
—1Zanamivir
“Peramivir

m Cap-dependent
endonuclease inhibitor
~Baloxavir Marboxil

Nicholson 2018
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Drug
(Trade Name)

Virus

Route

Treatment 2P

s Bmir Bl

Chemopro-
phylaxis 9

Adverse Effects

Oseltamivir |Aand B | PO Birth or older¢ >3 mo Nausea, vomiting
(Tamiflu) Skin reactions
Neuropsychiatric events
Zanamivir Aand B |Inhalation | >7y >5y Bronchospasm
(Relenza) Allergic reactions
Neuropsychiatric events
Peramivir* AandB |IV >2y NA Diarrhea
(Rapivab) Skin reactions
Neuropsychiatric events
Boloxavir* PO >12yr NA Diarrhea
(Xofluza) Aand B Bronchitis, nasopharyngitis

Nausea, Headache

a. Treatment within 48 hr of onset of iliness has greatest effect in reduction of symptoms and duration of iliness

b. No antiviral is specifically approved for severe influenza, but observational studies support effect on reduction of complications, and most
experts support use

c. FDA approved for children 2 wk of age and older but AAP supports use from birth in term and preterm infants

d. Chemoprophylaxis: High risk children who cannot get vaccinated or may not respond to vaccine; within 2 weeks after vaccination if

circulation of influenza, contacts of HR patients, control of outbreaks

* Long Acting
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Figure 2. The reduction in days of illness duration with earlier treatment with oseltamivir 75
mg twice a day in comparison with delayed treatment at 48 h (intent-to-treat infected

E2003

48 h (days)

Reduction in duration of
illness versus treatment at

5 =

population).

6

12 24

Time to treatment (h)

Aoki FY et al.J. Antimicrob. Chemother. 2003;51:123-129

by

Oxford

Uni versity Press
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I Comment

@ Optimum timing of oseltamivir: lessons from Bangladesh

Ison G et al. Lancet Inf Dis 2014

Ar " A7 Mo . A h B ARprgill €

Gaglia MA et alClin Infect Dis. 2007;45(9):1182.
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BMJ 2014,348:92545 doi: 10.1136/bmj.g2545 (Published 9 April 2014) Page 10of 18

RESEARCH

Oseltamivir for influenza in adults and children:
systematic review of clinical study reports and

summary of regulatory comments
OPEN ACCESS

Tom Jefferson reviewer', Mark Jones senior research fellow (biostatistics)?, Peter Doshi assistant
professor®, Elizabeth A Spencer nutritional epidemiologist®, Ilgho Onakpoya research fellow in
evidence-based practice and pharmacovigilance®, Carl J Heneghan professor*

Jefferson T et al. BMJ 2014,;348.92545



www.thelancet.com Published online January 30, 2015 Articles I

Oseltamivir treatment for influenza in adults: a meta-analysis 3@ % ®
of randomised controlled trials h

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

Intention-to-treat infected population

100 —pe, Observed
. " —— Placebo
= —— Oseltamivir
£ 75 Estimated from AFT model
=]
£ Ny Placebo
E s s e Oseltamivir
&
e 504
]
o
g
T 25-
—
=]
=
0 T T l l
] 120 240 360 A80

Mumber at risk
Placebo 1295 621 272 134 20
Oseltamivir 1565 624 243 128 2g
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Articles I

Oseltamivir treatment for influenza in adults: a meta-analysis 3@ % ®

of randomised controlled trials

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

LRTC, intention-to-treat infected population

Oseltamivir Placebo
events/N events/N

Risk ratio
(95% CI)

Trial E
M76001 13/674 20/341 . i
WV15819+ 28/220 45/247 —
WV15670  0/152 4/157 ;
WV15812+ 15/112 21/129 —
JV15823 0/122 1/130 i
WVISEZ1  3/120  9/126 < .
WV16277  5/119 5/109 —
WV15730  0/19 1/18 ]
WV15707  1/6 46 < -
Overall 65/1544 110/1263 <i>
(Heterogeneity p=0-58) i

| | |

0-33 (0-17-0-65)
070 (0-45-1-08)
Not estimable®
0-82 (0-45-1-52)
Not estimable*
0-35 (0-10-1-26)
0-92 (0-27-3-08)
Not estimable®
0-25 (0-04-1-63)
0-56 (0-42-0-75)
p=0-0001



Articles I
www.thelancet.com Published online January 30, 2015

Oseltamivir treatment for influenza in adults: a meta-analysis 3 @\ ®
of randomised controlled trials .

Joanna Dabson, Richard) Whitley, Stuart Pocock, Amald s Manto

A oseltamivirin adults with influenz® ®
A time to clinical symptom alleviation,

A risk of lower respiratory tract complications,
and admittance to hospital,

but

A increases the occurrence of nausea and vomiting
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No available antiviral is licensed for treatment of hospitalized or severe
influenza

Effectiveness data available for NAI (mostly oseltamivir)

Retrospective study 653 pediatric ICU admissions 2009-2012: NAl-treated, 6% died
compared with 8% untreated cases (OR = 0.67, 95% CI: 0.34-1.36). The estimated
risk of death was reduced in NAl-treated cases (OR 0.36, 95% CI: 0.16-0.83,
multivariate model-severity factors). Treatment within 48 hr of illness onset was
significantly associated with survival (P = .04).

Retrospective study over 5 seasons 2009-2014 (> 600 adults): Treatment within 6 hr
of hospitalization was associated with shorter hospital LOS (P < 0.001) and no
deaths compared to 18 deaths (4.5%) in patients receiving NAI after 6 hours and 4
deaths (3.4%) in patients not receiving NAI.

Louie JK Pediatrics, 2013, 132;e1539 (US Kaiser/CDC)
Katzen J, CID 2019, 69(1):42-58 (US UPenn, Duke, Northwestern)
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I 130 pts w Influenza receivemhnamivir
Amdnof 5 daysmdn 4.5 days after onset

I 83% ICU, A/HIN1 pdm09 71%
| 28 day all mortality rate 17%
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TREATMENT | 0-1 month 1-3 3-12 1-13 years: Dose according to | Adulis (13
months | months weight below years and
over)
15- 23-
<1OKG | oarg | 40kg | “A0KI
Oseltamivir PO
2mg/ 2.5mg/ 3mg/
(treatmt.ant kg/dose | kg/dose | kg/dose 30mg | 45mg | 60mg | 75mg 75mg bd
course: 5 bd bd bd bd bd bd bd
days)
Zanamivir INH
(treatment Not licensed for children <5 years old. 10 ma bd
course: 5 Adults and children >5 years: 10mg bd g
days)
A n'thoce D SwW 7 B
III _I A Y B A Y A4 J h r 11 A 1 A4 K h A A 4
AK 1. <’ _ s w1k
T




MAJOR ARTICLE

A Prospective Intervention Study on Higher-
Dose Oseltamivir Treatment in Adults
Hospitalized With Influenza A and B Infections

N. Lee,"2D. S. C. Hui,"? Z. Zuo,* K. L. K. Ngai,’ G. C. Y. Lui,' S. K. Wo,* W. W. S. Tam,* M. C. W. Chan,* B. C. K. Wong,'
R.Y. K. Wong,' K. W. Choi,' W. W.Y. Sin,' E. L. Y. Lee,' B. Tomlinson,' . G. Hayden,’ and P. K. S. Chan®*
'Department of Medicine and Therapeutics, “Stanley Ho Centre for Emerging Infectious Diseases, *School of Pharmacy, “Department of Microbiology,

and ®School of Public Health and Primary Care, Faculty of Medicine, The Chinese University of Hong Kong, Hong Kong Special Administrative Region,
People’s Republic of China; and ®School of Medicine, University of Virginia, Charlottesville

A

Mean viral RNA concentration, log,, copies/mL

Influenza

<
(S
==+ oseltamivir 75 mg bid
— — Oseltamivir 150 mg bid
O 1 2 3 4 5

Time after starting oseltamivir, day

Clin Infect Dis. 2013 Dec;57(11):154.:



Suspected or confirmed

influenza’

Uncomplicated

Previously
healthy

No treatment
OR
oseltamivir PO

If physician
feels patient is
at serious risk
of developing
complications.

At risk group

Complicated?

Severely immunosuppressed?

Severely immunosuppressed?

YES:
zanamivir INH
(Diskhaler)
within 36 hours
of onset

OR if unable to
take inhaled
preparation?

oseltamivir PO
and clinical
follow up.

NO:
oseltamivir PO
within 48 hours
of onset, or later

at clinical
discretion.

NO:

1st line
oseltamivir
PO/NG

2" [ine
zanamivir
INH, NEB or
V4.5

YES:

zanamivir
INH, NEB
or V42

a@o

Public Health

England



Post exposure prophylaxis

Exposed to circulating
influenza H1N1 (2009), H3N2,
orB

Exposed to suspected or
confirmed oseltamivir
resistant influenza

Previously healthy
(excluding pregnant
women)

No prophylaxis

No prophylaxis

At risk of complicated
influenza (including
pregnant women but
excluding severely
immunosuppressed
patients and children
under 5 years)

Oseltamivir PO 10 days, once
daily, if therapy can be started
within 48 hrs of last contact; or
after 48 hrs on specialist advice
only

Zanamivir INH 10 days, once
daily, if therapy can be started
within 36 hrs of last contact; or
after 36 hrs on specialist advice
only.

Severely
immunosuppressed
patients (excluding
children under 5
years)

Zanamivir INH 10 days, once
daily, if therapy can be started
within 36 hrs of last contact; or
after 36 hrs on specialist advice
only.

If unable to administer zanamivir
INH, oseltamivir PO 10 days
once daily, (if therapy can be
started within 48 hrs of last
contact; or after 48 hours on
specialist advice only).

Zanamivir INH 10 days, once
daily, only if therapy can be
started within 36 hrs of last
contact; or after 36 hrs on
specialist advice only.

If unable to administer
zanamivir INH, discuss with
specialist and consider
nebulised aqueous zanamivir
(unlicensed) after individual risk
assessment.

Children under 5
years in at risk
groups and severely
immunocompromised
children

Oseltamivir PO 10 days, once
daily if therapy can be started
within 48 hrs of last contact; or
after 48 hrs on specialist advice
only

Discuss with specialist.
Consider nebulised aqueous
zanamivir (unlicensed) after
individual risk assessment.

iy
RN
\&

AN

Public Health
England
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Zanhamivir
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Zanhamivir
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time, rapid removal of the disposable filter | were taken bv he
Fatal Respiratory Events led to immediate resumption of ventilator | Ur’ Lad -
Caused by Zanamivir function. Examination of the remove” ~, \)01(\9 aotification to
Nebulization ter demonstrated inside-H’ 03\\)0(\ “\le stonals and hospital risk
by sticky mat~-" ' O oN Lagers [4].
To THE EprToR—A 25-year-old pregnant | ° cL\)\.\k(\ ou)']\(\\‘ t
_ : . en’ 1
woman (26 weeks gestation) was referred Q\\)K\* 0-%5“ .
: . _— ¢C QQ o (5p0,, 71%~- | Acknowledgments
from a private hospital in Ar \_(\"

0 0 & 0- clOPEd bilateral pneumo- ] conflicts of All authors
because of severe hvr- e L(\ Potentia mnﬁlcn of interest. authors: no
fuenza A * 5@ G‘\L‘O “waces. Despite all aggressive measures, | conflicts.

O\I\\ ‘T\ her oxygenation failed to improve and the

\L‘-OO* -uain re- Lo , . Sumalee Kiathoonsri, Charn Kiathoonsri

't patient expired on the eighth hospital day. ' .

a " .poms commenced N . and Fio A and Pongdhep Theerawit

) o iagnosis and treatment of influenza . N g

Wil ek of fever, followed by intense . Ng o 2 i this gt Division of Pulmonary and Critical Care Medicine,
cough and dyspnea requiring mechanical (HIND) PREHmOn this patient was Department of Medicine, Ramathibodi Hospital,
ventilation. Chest radiograph showed bi- lalte, Wlmjl} resulted J1r1 severe acute ref— Mahidol University, Bangkok, Thailand

Kiatboonsri S et al. CID 2010:50:620



Influenza, new med!

The New England Journal of Medicine

KEY POINTS FROM
Baloxavir Marboxil for Uncomplicated

Influenza in Adults and Adolescents
by F.G. Hayden et al.




Influenza, new med!



Influenza, baloxavir!



Influenza, baloxavir!



Peramivir, Laninamivir



HAI Xnitazoxanide

m Antiparasitic Thiazolide aTizoxanide « Phase 2 study in 100 children 1-11 years with
active metabolite ILI symptoms of < 7 days 100-200 mg BID 5d:

NTZ cohort showed symptom resolution in

m Inhibits hemagglutinin maturation and 4 days vs >7 days in the placebo group

intracellular trafficking in infected cells (P < .001)
m Ongoing Phase 3 clinical trial for patients
with uncomplicated influenza « Phase 2 study in adults and adolescents

(212 years) with ILI, 500 mg BID 5d: Time to

m Non-specific effect for viral URI — other :
resolution of symptoms was md 4 days vs

viruses? . ~
o _ _ _ _ 7 days in the placebo group (P =.04)
m Clinical trials for rhinovirus/enterovirus
infection » Phase 2b/3 RCT in adolescents and adults
m One study failed to demonstrate efficacy in with confirmed influenza in US, 600 mg BID

5d: Reduction in duration of clinical symptoms
(95.5 vs 116.7 h ; P = .008) and infectious
virus titers over time (P = .0006)

hospitalized, severe influenza

Gamino-Arroyo A, et al. CID, 2019 (Mexico) Haffizulla J, Lancet Infect Dis, 2014



Polymerase inhibitors

Ongoing clinical trials studying polymerase inhibitor effectiveness.

Antiviral  Current status Future and ongoing clinical trials Masking Clinical trial reference number
Baloxavir  Licensed for use in uncomplicated outpatients in Japan ~ Phase III: Double blind  NCT03684044
and USA ® Hospitalised patients

® Pediatric patients between 1 and 12 years of age  Double blind  NCT03629184

® Pediatric patients less than 1 year old Double blind  NCT03653364

® Post-exposure prophylaxis Open labelled  JapicCTI-184180
Favipiravir Limited licensure in Japan for use only in pandemics Phase II: Open labelled NCT03394209

@ Critically ill patients receiving current standard of

care

Pimodivir ~ Phase IIb Phase III: Double blind  NCT03381196

® High risk patients

® Hospitalised patients Double blind  NCT03376321

AL-794 Phase 1 Discontinued

Antivirals targeting the polymerase complex of influenza viruses
Edin J. Mifsud', Frederick G. Hayden", Aeron C. Hurt"""

Antiviral Research 2019



DAS 181, Recombinant fusion prote

Fludase. — DAS181

m Recombinant fusion protein composed of a sialidase
catalytic domain and a cationic amphiregulin (AR)
glycosaminoglycan-binding sequence

m Targets the host cell receptors to prevent viral
attachment and Spread 1gG One-day Cohort | 1gG Three-day Cohort | 1gG Ten-day Cohort

m Broad spectrum antiviral activity: Influenza and i
Parainfluenza viruses; HMPV 100

m Dry particle inhalation

m Clinical trials in healthy hosts, asthma, and
immunocompromised : cancer and HSCT patients |- 'Il F I‘ 'II IIIi
m Safe, well tolerated, no significant airway

mmmmmmmmmmmmmm

hyperreactivity in phase I-Il studies when given in % gER888 fE0LE 2i:8 i E i §

shorter courses (3-7 days), but present later-on ) s )
m Development of antibodies against drug after

prolonged use (> 7 days) Zinilman, JM Antiviral Research 2015

®igG Day0 wmigGDay30 migG Day9%0

Chemaly OFID 2018
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Combination Therapy?
Using drugs with different mechanisms of action -
might result in better efficacy, reduction in ek _@ Nkt
development of resistance. Eg: NAI + Baloxavir 3

Amantadine + oseltamivir, ribavirin + oseltamivir, and favipiravir + oseltamivir
combinations are synergistic, allowing for higher potency at lower doses

The triple combination of amantadine + ribavirin + oseltamivir also shows
synergy against influenza A viruses resistant to amantadine or oseltamivir.

New agents: M85 targets epidermal growth factor receptor (EGFR) and
phosphoinositide 3 class Il B (or PIK3C2[3) kinases, which control early
stages of endocytosis, thereby inhibiting virus entry. Synergistic with
Oseltamivir. Does not induce resistance. Has broad spectrum activity:

Influenza A/B, human rhinovirus, Hep C.
OHanlon R, ACS, 2019 epub



Oseltamivir
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© Infections With Oseltamivir-Resistant Influenza A(H1N1)
Virus in the United States

Nila J. Dharan; Larisa V. Gubareva; John J. Meyer; et al.

Online article and related content
current as of June 17, 2009. JAMA. 2009:301(10):1034-1041 (doi:10.1001/jama.2009.294)

http://jama.ama-assn.org/cgi/content/full/301/10/1034

H274Y mutation

FL-
Sy [ ] No HINT viruses tested
H [ ] HINT viruses tested, no resistance identified
41156 B H1N1 viruses tested, resistance identified
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Eur J Clin Microbiol Infect Dis @ CoseMark
rossivlari
DOI 10.1007/s10096-016-2809-3

ORIGINAL ARTICLE

Antiviral susceptibility profile of influenza A viruses; keep an eye
on immunocompromised patients under prolonged treatment

A. Kossyvakis' + A.-F. A. Menti_s"2 - K. Tryfinopoulou®*? - V. Pogka' - _
A. Kalliaropoulos' - E. Antalis® - T. Lytras”®? . A. Meijer'® - S. Tsiodras® -
P. Karakitsos "' - A. F. Mentis'

Kossyvakis A et al. EJCMID 2017
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Table 1  Summary of the viral characteristics and clinical aspects of the immunocompromised patients with oseltamivir-resistant A(HIN1)pdm09
virus and mixed virus populations [oseltamivir-susceptible (275H-S) and oseltamivir-resistant virus (275Y-HRD)]

Patient Gender Age  Geographic Received Isolation Exposed to Medical condition®  1C50 Mixed virus populations
(vears) location influenza  year oseltamivir before fold- detected during the course
vaccine specimen collection change of oseltamivir and/or
values’  zanamivir treatment
A Female 76 Rhodes No 2009 Not known Multiple myeloma 1092 No
Island
B Female 56 Athens No 2010 No* Multiple myeloma 732 Yes
C Male 67 Patra No 2010 Yes Cancer 340 No
D Male 61 Lamia No 2011 Yes Cancer 502 No
E Female 76 Athens No 2011 No* Mantle cell 604 Yes
lymphoma

* All lymphopenic patients

® Compared to the median IC50 value of normal inhibited viruses (excluding outliers)

¢ Resistant virus was confirmed in specimen under NAI treatment

Kossyvakis A et al. EJCMID 201°
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Ribav : v

ADistribution in all body tissues, except
CNS

A Administration : Oral, IV, Inhalational
In RSV.

AAnemia and jaundice are adverse
effects

ANot advised in pregnancy:.



