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Médicaments des infections virales respiratoires

Adenovirus -
Picornavirus
Entero -
Rhino -
Orthomyxovirus
Influenza inhibiteurs de neuraminidase :
zanamivir, oseltamivir

adamanatanes
(influenza A)
Paramyxovirus
Parainfluenza -
Respiratory syncytial virus |ribavirine
SARS virus -
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ANTIVIRAUX ACTIES SUR

LE VIRUS INFLUENZA
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Le Virus de l'influenza: constituants

Electron micrographs of purified influenza

¥ virions. Hemagglutinin (HA ) and

W neuraminidase (NA) can be seen on the
8 envelope of viral particles.

¥ Ribonucleoproteins (RNPs) are located

gl inside the virions.

Diagram of the influenza virus

== NA (neuraminidase)

Lipid bilayer
M1 (membrane protein)

M2 (ion channel)
RNPs (RNA, NP)
Transcriptase complex
(PB1, PB2 and PA)

HA (hemagglutinin)
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Virus Influenza: Antigenes de surface

Distribution of Influenza A
Hemagglutinin Subtypes in Nature
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http://www.brown.edu/Courses/Bio_160/Projects1999/flu/mechanism.html
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La Grippe

Commissariat A diStinquer X

interministériel Influenza

Grippe saisonniére
(Maladie humaine) —— Attendue chaque hiver

Cas humains de
grippe aviaire

— Sijtuation récente en Asie
(Zoonose)

Pandémie de grippe o
i ——— Situation actuelle (H;N,)
(Zoonose évoluant en

maladie humaine)
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Histoire des pandémies ...

1889-90 A/H2N8

1900-03 A/H3NS

1918-19 A/HIN1 Spanish Flu
1957-58 A/H2N2 Asian Flu
1968-69 A/H3N2 Hong Kong Flu
(1977-78) A/HIN1 Russian Flu
2009 A/HIN1 Mexican Flu

Both sexes: Life expectancy in the United States, 1900. 2001
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Voies de transmission

1. aérosolisation

2. Voie aérienne

3. Objets contaminés

!

F
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La grippe: signes cliniques

Natural Course of Influenza
39.4 (103)
38.8 (102)
38.3 (101)
37.7 (100)

Onset of illness

372 (99)
36.6_(98) i

Days after onset of illnesses [s] 1 I 2 3 4 5 [ 7 8

Oral temperature, *C (*F)

Coryza*

Sore throat

Myalgia

Headache

Cough

Anorexia

Malaise

Virus shed (109, TCIDw)
per mL of UCK;d T 3.0 4.5 5.0 45 3.0 1.0

Serumn antibody (HI) titer <4 = 8t

from the nose.

5 *—Coryza is an acute inflaimmatory condition of the nasal mucous membranes with a profuse discharge

t—Serum antibody titer was 64 at day 21

F
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Cibles des antiviraux

Packaging and
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ADAMANTANES
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Adamantanes

NH,.HC

H" e NHpHCL - H™

CHs

o
T

Amantadine Rimantadine
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Mode d’action

neuraminidase .
hemaglutinine

Inhibiteurs de la protéine virale M2
du virus influenza A

BUDDING

_' insertion of envelope
. proteins into plasma
% membrane

* prévention du désassemblage du virus
« inhibition de I'acidification de I'endosome

. . LHA
et prévention des fusions de membranes NA
induites par les protéines virales 5+ M2

14

15/09/2012 influenza

15



INHIBITEURS DE NEURAMINIDASE
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La neuraminidase

16

Moscona, NEJM (2005) 353:1363-1373

Neuraminidase activity

P Budding virus e e

Neuraminidase cleaves receptor

C
Hemagglutinin : o e

Release of
Receptor >
| containing — new virions =
. . slalic acid ¢

ah 2 ¢ P )
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Lol nck Ited
sialic acid Mo virion : Ha.
--l-----* viral
release replication

Cell
membrane

Figure 1. Mechanism of Action of Neuraminidase Inhibitors.
Panel A shows the action of neuraminidase in the continued replication of viriens in influenza infection. The replication is
blocked by neuraminidase inhibitors (Panel B), which prevent virions from being released from the surface of infected cells.
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La neuraminidase

23| |

Galactose Galactose

pL4 |

ore sugars ore sugarsg

protein protein

Functions:
» favorise la libération des particules virales

La neuraminidase
clive I'acide sialique
des glycoprotéines
de surface cellulaire
auquelles sont
attacheées les
nouvelles particules
virales

» détruit les récepteurs de surface reconnus par les hémagglutinines
» prévient 'aggrégation des virus a la surface cellulaire

« prévient I'inactivation par le mucus respiratoire
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L’acide sialique

Lien osidique avec
galactose (2 » 3) HO o

] - -

HO
4-OH H

\”/NH OH

(0]

OH
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Découverte du premier inhibiteur ... 1969 !

K, ~ 0.01 mM
HO o vs K, de I'acide sialique ~ 1mM

peu efficace!

NH, OH

2,4-dideoxy-2,3-didehydro-4-amino-D-N-acetylneuraminic acid
Meindl et al., Hoppe-Seyler’s Z. Physiol. Chem., 350:1088-1092, 1969
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Le zanamivir

NH OH
\’( 2,4-dideoxy-2,3-didehydro

o] -4-guanidino-D-N-
acetylneuraminic acid

von ltzstein et al., Nature (1993) 363: 418-423, 1993
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L’oseltamivir

h

HO (o] o o o
2-deoxy ”
N ro—r—on
OH
H,N 0 H,N o
o NH o NH
oseltamivir utilisé sous forme de sel (Phosphate)

de prodrogue résorbé par voie orale
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Résistance: mutation de la cible

Neuraminidase

119 Glu - Gly:

e Résistance au zanamivir
(Glu 119 interagit avec guanidinium)

292 Arg — Lys (R292K):

» Résistance a I'oseltamivir
(Arg 292 interagit avec acide carboxyligue mais conformation de la poche
enzymatique adhoc pour le zanamivir)

274 His — Tyr (H274Y) et 294 Asn — Ser (N294S)
» Résistance a l'oseltamivir

Hemagglutinine

Certaines mutations ( 198 Thr — lle) diminuent I'affinité pour le récepteur
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Comparaison des inhibiteurs de neuraminidase

propriété

zanamivir oseltamivir

spectre

Influenza A et B

Voie
d’administration

Inhalation 10 mg 2X/jour | Voie orale: 75-150 mg
2 Xljour

Traitement N durée des symptdmes — grippe saisonniére
(5 jours) ymp gripp

. 4 semaines: N du nb de 6 semaines: N du nb de
Prophylaxie

personnes malades personnes malades

Activité sur H5N1

Peu efficace chez les patients contaminés

tolérance

Bonne sauf path. respir. bonne

15/09/2012
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Zanamivir: voie d’administration

RELENZA Distribution to
Respiratory Tract
Cass Study

COVER

inhaled by mouth

of medicine

&

Parts of the DISKHALER®

keeps the DISKHALER clean
and free of foreign matter;
replace cover when not in use
WHITE MOUTHPIECE
where the medicine is

DARK BROWM WHEEL ﬁ\.
rotates to the next blister f‘
"

SILVER MEDICINE DISK

oo | G@
contains 4 blisters of medicine; the disk fits L~
into the dark brown wheel Inside the DISKHALER &/

N M RELENZA
M Higher Concentrations of RELENZA

gt o Coms LW ot
Gl Phassacesinet. HO 35l 152131, wil periioin.

el I
° );“li'yp‘i::lr loading

HALF-CIRCLE FLAP
1ifts up and down to
operate plastic needle

J

http://www.relenza.com/how-to-use-diskhaler.jsp?languages=French
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Zanamivir: comment I'administrer correctement ?

Vérif\eé Ilintérieur de I'embout
buccal

SouleveZlEicouvercle pour percer

http://www.relenza.com/how-to-use-diskhaler.jsp?languages=French
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Zanamivir: comment I'administrer correctement ?

Maintenez le DISKHALER a 4
complatement = niale Ingpirez profo

1 dose: =2 cupules

http://www.relenza.com/how-to-use-diskhaler.jsp?languages=French
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Zanamivir: efficacité clinique

1007 o 7anamivir high risk (n=37)

904 =o=Zanamivir intention to treat (n=227)

804 =e=Placebo high risk (n=39)

Symptoms alleviated (%)
o
@

—e—Placebo intention to treat (n=228)

On gagne 1-2 jours ...

patients patients

Retum to normal activities (days)
Intention to treat 228 90 227
Influenza positive 160 90 1861

0o 1 2 3 4 5 6

7

8 9

Time to alleviation (days)

The Lancet (1998) 352: 1877-1881

Sleep disturbance (days of 13)
Intention to treat 228 3 223
Influenza positive 160 30 159

—y

Noof  Median Noof  Median Difference

(95% Cl)

<70 2.0(0to 4.0)

<0-001

<70 2.0(0-25t0 4.0 <0-001

30 0(-1.0101.0)
20 10(0to15)

0.047

Number of paracetamol tablets (days 1-4)
Intention to treat 228 12 224

Influenza positive 160 13 159
Number of cough mixture spoonfuls (days 1-14)
Intention to treat 228 9 224
Influenza positive 160 12 159

70 2(-3t05)
70 5(-1t09)

Table 3: Sleep disturbance, return to normal activities, and use

of relief medications
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Zanamivir: efficacité en prophylaxie
e e e e e
Table 2. Efficacy of Zanamivir in Prevention of Influenza Infection and Disease™
Frequencies in
Study Groups,
No. (%) Efficacy,
1 Estimated 1 - Risk
Placebo Zanamivir Odds Ratio Risk Ratio Ratio
Outcome (n=554) (n=553) (95% Cl) (95% CI) (95% Cl), %
Labcratory-confirmed 34 (6) 112 0.31 (0.14-0.64)F 0.33(0.17-0.61) 67 (32-83)
clinical influenza
Laboratory-confirmed 19(3) 3(<1) 0.15(0.03-0.53)F 0.16(0.06-0.45) 84 (55-04)
influenza with fever
All febrile illnesses 58 (10) 33 (6) 0.54 (0.34-0.86)f 0.57(0.38-0.86) 43 (14-62)
Influenza infection with 77 (14) 53(10) 0.66(0.44-0.97§ 0.69(0.50-0.96) 31 (4-50)
or without ilness
#*Cl indicates confidence interval.
+P=.001,
+P = 000
§P = .03
JAMA (1999) 282:31-35
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Et I'oseltamivir ?

Figure 3. Effect of Oral Oseltamivir Treatment on Vital Titers in Nasal Lavages Following
Experimental Influenza A/Texas/ 3691 (HIN1) Infection

Bom o

IMeckan kg, Thsus Cubiurs.infacie Dose par Ml

Prophylaxie :
efficace

Figure 2. Effect of Oral Oseltamivir Prophylaxis on liness Following Expenmental Influenza
ATexas/36/81 (HIN1) Inoculation

18 il - g Acministration .
a5 . ELS -
.
o e i
B P A A A O I O

JAMA (1999) 282:31-36

Incoulation

Traitement :
On gagne 1-2 jours ...

Tena, b

Macsan Toum Symetom Soore
o 5

404 pa— e T —— |
w6 1 M @ &8 W 54 @ B 10 132 4 16
y o i Tume. b

The tatal sympkom score area under the curve valus was lower in the cambined cseltamiir groups (nm 21)
compared with placebo tn = 125 P= 02, Fourtesn symptoms related bo influerza were mcided in the score,

15/09/2012
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Zanamivir: effets secondaires et contre-indications

Important Safety Information

RELENZA IS NOT RECOMMENDED FOR TREATMENT OR PROPHYLAXIS OF INFLUENZA
IN INDIVIDUALS WITH UNDERLYING AIRWAY DISEASE (SUCH AS ASTHMA OR
CHRONIC OBSTRUCTIVE PULMONARY DISEASE).

+ Serious cases of bronchospasm, including fatalities, have been reported
during treatment with RELENZA in patients with and without underlying
airway disease. Many of these cases were reported during postmarketing,
and causality was difficult to assess

+

RELENZA SHOULD BE DISCONTINUED IN ANY PATIENT WHO DEVELOPS
BRONCHOSPASM OR DECLINE IN RESPIRATORY FUNCTION; immediate
treatment and hospitalization may be required

+

RELENZ& has not been proven effective for treatment of influenza in individuals with
underlying airways disease.

-

If treatment with RELENZA is considered for a patient with underlying airway disease,
the potential risks and benefits should be carefully weighed. If a decision is made to
prescribe RELENZA for such a patient, this should be done only under conditions of
careful monitoring of respiratory function, close observation, and appropriate

supportive care including availability of fast-acting bronchodilators

Common adverse events in treatment and prophylaxis studies with RELENZA were
nausea, diarrhea, sinusitis, viral respiratory infections, headaches, nasal signs and
symptoms. The incidence of these adverse events was similar in both groups for
RELENZ& and placebo-treated groups

15/09/2012 influenza
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Bénéfice potentiel des inhibiteurs de neuraminidase

Thérapeutique:

e N durée des symptomes de 1-2 jours

* N risque de transmission du virus

* N risque de complications (sinusite, bronchite)
* N usage d’antibiotiques

Prophylaxie:
* Prévention saisonniére de I'infection

15/09/2012 influenza

Pharmacothérapie de la grippe

* Traitement symptomatique
* antipyrétiques
* @viter aspirine chez les enfants (syndrome de Reye)
* selon les symptémes: décongestionnants, antitussifs
* Traitement antiviral
* intérét assez limité en traitement ...
» commencer < 36 heures aprés le début des symptéomes
* prophylaxie de I'environnement familial ?

e Suivre la survenue de complications (personnes a risque!)

* VVaccination !

32
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Recommandations de vaccination
(grippe saisonniere)

* Personnes a risque de complication:
*> 65 ans
* personnes vivant en institutions

e co-morbidités

» Personnes susceptibles de transmettre la maladie
a des personnes a risque (personnel médical, ...)
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ANTIVIRAUX ACTIES SUR

RESPIRATORY SYNCYTIAL VIRUS (RSV)

15/09/2012 influenza 48

17



Infections respiratoires a RSV

Respiratory llinesses Caused by Respiratory Syncytial Virus {RSV)
Syndrome

PercentageCaused by RSV
Bronchiolitis 43-90 —
Pneumonia 5-40
Tracheobronchitis 10-30
Croup 3-10
Asymptomatic 03
|~ Pharynx
Masal Cavity ——
——— Epiglattis
Trachen —__
Right Lung 80 = ;:ﬁ:ﬁgf

Diaphragm

Alveolar Sacs
and Aleali

<Bmonths  6-12months  13-24 months  >24 months.
Age group

Difference in age distribution of inpatients and outpatients
with respiratory syncytial virus infection in Rochester, NY.
Of infants requiring hospitalization, 70% were younger than 6
months. In comparison, 25% of the children treated as outpatients
were younger than 6 months and 38% were older than 2 years.

15/09/2012 influenza 49
la ribavirine, un analogue de la guanosine
10 (0]
HoN N\ HN N\
> I D
HO N HoN™ HOWN N
O. 0)
OH OH OH (O)H
RIBAVIRINE (deoxy)GUANOSINE
15/09/2012
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Mode d’action de la ribavirine

o Ribavirin

Jl\ IMP dehydrogenase inhibition.

ribavirin, which is converted intracellularly to its 5"-monophosphate derivative, ribavirin-
MP The latter inhibits inosine 5"-monophosphate (IMP) dehydrogenase, a crucial enzyme
in the biosynthesis of RNA, including viral RNA. IMP dehydrogenase is responsible for the
HO — | conversion of IMP into xanthosine 5-monophosphate (XMP)which, in turn, is further
O converted to GMP {guanosine 5-monophosphate), GDP (guanosine 5™-diphosphate) and
GTP (guanosine 5"-triphosphate). The latter serves as substrate, together with ATP, UTP

OH OH Nucleoside and CTP in the synthesis of RNA,
kinase o IMP
ATP . JJ\ . IMP dehydrogenase \
o I /

ADP /Y

\l_,N/ —_— Succinyl
® o | XMP AMP
%o, } |
GMP AMP
OH OH
Ribavirin-MP Gll)P .J\ll)l’
| |
are ATP
\ /
De Clercq, Nature Drug Discovery, 2006
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Indications et propriétés pharmacologiques
Aérosol : traitement des infections a RSV
mais peu utilisé ... affection bénigne
Voie générale: adjuvant dans le traitement de I'hépatite C
Effets secondaires:
 Détérioration de la fonction respiratoire
» Anémie hémolytique + hypoplasie médullaire
(Concentration dans les globules rouges)
15/09/2012 influenza 52
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Traitement des infections a RSV

Traitement symptomatique

b

* antipyrétique
* apport de fluides
* oxygene si nécessaire

* bronchodilatateurs
 cortocoides

Traitement antiviral

(ribavirine)
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