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Pneumonia in children the leading
cause of morbidity and mortality

A child dies
every 15
seconds from
pneumonia




Global Action Plan for the
Prevention and Control of
Pneumonia (GAPP)

Thomas Cherian Under 5 deaths

Coordinator, EPI
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Other 28%
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156 million cases of 14%

pneumonia and close to
1.8 million deaths occur
in <5 years old children 3%
every year
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26%

Sources: Rudan et al. Bull WHO 2008; 86:408-16 WHO
Global Burden of Disease 2004
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The global problem of viral infection
the RSV example




Background

The global problem of RSV

* 50% of children are infected with RSV by 1 year of age and
almost all children have been infected by 2 years of age

* Among infants infected with RSV, 20-40% develop lower
respiratory tract infection (LRTI), usually bronchiolitis or
pneumonia

e Global RSV disease burden is estimated at 64 million cases
3.4 million episodes of severe RSV- ALRI necessitating
hospital admission and 66,000-199,000 deaths every year
in children <5 years

*Hall CB. N Engl J Med 2001; 344: 1917-28.
*Glezen WP, Am J Dis Child 1986; 140(6): 543-546
Law BJ, Resp Med 2002; 96 (suppl B): S1-S7.
Henderson FW, N Engl J Med 1979; 300(10): 530-4.
Simoes EAF, Resp Med 2002; 96(suppl B): S16-S25
W.H.O http://www.who.int/vaccine research/diseases/ari/en/index2.html#disease%20burden2



Hospitalization and Hospital Resource
Utilization for RSV Disease - “Bronchiolitis

High-risk group Hospitalizations RSV hospitalizations leading to

for RSV 1.2.34 . .
ICU Admission®-8| Ventilation>-8

Term

(336 wks) 1%-3%"2 11%3 4 6%3
x3=-10 x2.5-3 x2.5-5

Premature - _ _

(<35 wks) 10.6%"° 28%-31%> 1294-2295

1.Shay DK et al. JAMA. 1999;282:1440-1446; 2. Hall CB.. In: Feigin RD, Cherry JD, eds. Textbook of Pediatric Infectious
Diseases. 4th ed. Philadelphia, Pa: WB Saunders;1998:2084-2110; 3. The IMpact-RSV Study Group. Pediatrics. 1998;102:531-
537; 4.Feltes TF et al. J Pediatr. 2003;143:532-540; 5. Law BJ et al. Paediatr Child Health. 1998;3:402-404; 6. Navas L et al. J
Pediatr. 1992;121:348-354; 7. Altman CA et al.Pediatr Cardiol. 2000;21:433-438; 8. Moler FW et al. Crit Care Med.
1992;20:1406-1413.
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The role of RSV in community
acquired pneumonia
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Bacteria in the Etiology of Childhood
Community-acquired Pneumonia

% of Bacteria (N=154)

= 8. pneumoniae
B H. influenzae
OM. pneumoniae
OM. catarrhalis

B C. pneumoniae
O 8. pyogenes

B C. trachomatis

37 children were ,1 year of age, 71 between 1 and 2 years, 84 between 2 and 5 years and 62 were >5 years of age.

Taina Juven, et al. Clinical profile of serologically diagnosed pneumococcal pneumonia. Pediatr Infect Dis J,
2001;20:1028-33



Bacteremic CAAP in 129 children in Southern
Israel 2001-2008 (n= 6,443 CAAP episodes- 2.0%)

S. aureus

4% Group A Strep.

3%

Other Gram (-)

H. inf. type c
1%

H. inf. type b
5%

H. infl. type a
2% S. pneumoniae-
single

62%

NTHi-single
13%

Greenberg D, Dagan R. 2011 PIDU Soroka Medical Center, unpublished data



MNR-CAP (n = 127)

Rec-CAP (n = 1239

Total, no. (%) Total, no. (%)
Pathogen Mono culture  Coinfection of patients Mono culture  Coinfection of patients P®
NR-CAP (n =127 Rec-CAP (n = 1237
Total, no. (%) Total, no. (%)
Pathogen Mono culture  Coinfection of patients  Mono culture  Coinfection of patients pe
Agrobic bacteria 33 14 47 (37.0] b4 27 g1 (65.8] <001

Haemophilus influenzae 27 G 33 (26.0) 39 24 63 (61.2) <00

Moraxella catarrhalis 2 9 11 8.7) 9 17 26 (21.1) 009

viruses 3U Il 41 (32.9) 3U 5 39 128.9) NS
Respiratory syncytial virus 8 7 15(11.8) & 1 7 (5.7 NS
Parainfluenzaviruses B 1 6 (4.7 8 1 9(7.3) NS
Influenzaviruses 5 3 8 16.3) 2 2 4 {3.3) NS
Adenavirus 5 1 6 (4.7 1 3 4 (3.3 NS
Human metapneumaovirus 3 1 413.1) 4 1 5(4.1) NS
Picarnavirus 2 4 6 (4.7 1 0 110.8) NS
Coronaviruses 1 3 41(3.1) 2 0 21(1.6) NS
Cytomegalovirus 1 1 2 11.6) 2 2 4(3.3) NS
Enterovirus (not polic) 0 0 0 (0 4 1 5 (4.1} NS
Rhinovirus 0 1 110.8) 0 0 0 (0} NS

Atypical microorganisms 37 19 015
Mycoplasma pneumoniae 37/106 tested (34.9) 16/83 tested (19.3) .03
Chiamydophila pneumoniae 0/58 tested (0) 3/54 tested (5.6 MS

NOTE. MNR-CAP, nenresponding community-acguired pneurnonia; Rec-CAP, recurrent community-acquired pneumaenia; coinfection: cases in which at least 2
infective agents of the same micrebiclogical group were iselated; NS, not significant.

* n =122 for viruses.
° By 3 test.

De Schutter |, et al Clin Infect Dis. 2011:1437-44.



Etiology of Ambulatory Community-acquired Pneumonia

80% A

70%

60% A

50% A

40%

30%

20% A

NN NN NN

10% A

0%

Bacterial

37 children were ,1 year of age, 71 between 1 and 2 years, 84 between 2 and 5 years and 62 were >5 years of age.

Taina Juven, et al. Clinical profile of serologically diagnosed pneumococcal pneumonia. Pediatr Infect Dis J,
20N01-20-1N28-33



Proportion of Mixed Viral-bacterial Infections in the
Community-acquired Pneumonia in Children Admitted to a

Hospital in North West China

H influenzae b M. catarrhalis

ViruaBactena No. Patients Total
o
Respiratory syneytial virus 149 25-30 /0 18124 00 66 (37%)
Uenza virus i i 13%] 3 (45%) 2 (3%) 16 (20%)
Adenovirus 67 9(13%) B (9% 3 (3% 17 (26%)
Parainfluenza virus G2 10 (165 9(16%) 1 (2% 20 (32%)
Total 363 66 (19%5%) 36 (105%) 5 (1% 107 (13% of 821)

O. Zhang et al Pediatr Infect Dis ] 2011;30: 7-10



Viral Co-infections in Alveolar Pneumonia Viruses
distribution of all positive NP washes (n=1247) in children <5
years of age with CAAP 11/2001-1/2010

FLUB i
FLUA/H1N1 % e“te;‘;:’"“s

6%
parainfluenz

a
7%

Of all CAPs that NPW were obtained
RSV (+): 31.5% (699/2216)



40

35

30

25

20

15

10

% of total specimens

Proportion of viral detection by age in CAP-AP

37\ —i— RSV
e=é=HMPYV only |
=== HMPVco |

FluA —
Para I-ll B
—=— Adeno
8.7
2.3 e
— 141 = 1.3
0-11 12-23 24-35 36-47 48-59
(N=602)  (N=334)  (N=189) (N=92) (N=79)

Wolf D.G,. J. of Pediat.2010; 156(1):115-20.

Age (months)
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Monthly Hospital Visits for Alveolar Pneumonia in
Children <2 Years, Southern Israel, Since Jan 2002

—1Alveolar pneumonla ——RSV —Flu A

175 - 2004-05 ... 2005-06 ... 2006-07 ... 2007-08 -...... 2008-09 ... 2009-10 ... 2010-11 ...

__%__

Monthly number of alveolar pneumonia cases

NGO oG anaasG

13

Month, year

g

A

Monthly positive samples for RSV/Flu

PIDU Soroka Medical Center 2011. A prospective population-based study to document hospital use for alveolar pneumonia in Young children




Episodes of Rx-confirmed CAP with viruses
CAP-PRI STUDY (Esposito S et al., 2011 unpublished data)

n =59

(22.8%) n=
200

n=259
(72.1%) | ‘ (77.2%)

children with single viral infection

o
(27.9%)

children positive for viral infection children with co-infection

children negative for viral infection

Frequency of viral infections and coinfections in CAP-PRI countries
(% vs total CAP episodes for each country)

Single viral
infections

Viral
coinfectons

GREECE GREECE LITHUANIA ISRAEL ROMANIA PORTUGAL ITALY
(Vana) (George)




Frequency of viral infections and coinfections in children
with CAP according to virus

. Total No. |Co- mfec'r

®

| A | 55(15.3) | 17(30.9) |MEIERS

| B | 10(2.8) | 4(40.0) | | Total Infections
_ Co-Infections

viruses

| AMHINts | 0 | 0 |
| A/H3N2 | 2(06) | 0 |
| B | 3(08) | 1(33.3)

hMPV 16 (4.4) | 5 (31.3)
Coronavirus | 11 (3.1) | 6 (54.5)

“oc43 4(1.1) | 1(25)
| 226 | o | o |
NL63 5(1.4) | 3 (60 0)

200 [URNPS
f' f J"'
o

1(0.3) -_




Viral and bacterial
The co-infection paradigm




Enhanced Adherence of S. pneumoniae to Human Epithelial
Cells Infected with Respiratory Syncytial Virus

JITCLLC il AZLopiialil

human nasopharyngeal cells (HEp-2) and pneumocyte type Il cells (A549)

Open bars: percentage of maximal enhanced
pneumococcal adherence to RSV-infected A549
cells

Filled bars: percentage of pneumococcal
adherence to uninfected A549
monolayers;
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S. pneumoniae serotypes

HAMENT ET AL. PEDIATRIC RESEARCH 2004



Effect of RSV infection on clearance of S. pneumoniae (StPn) To determine the
duration of the effect of RSV infection on StPn clearance from the lung

| Control/StPn RSV/StPn

10 BALB/cJ mice were exposed to RSV or
o control media from uninfected cells for 7
= a * days then challenged with StPn
e
™ &
S 6 T
e |
o
= 4 = +
"E 4
o 2
o

U 1 ]
1 4 Fi 14 21

Time After RSV Infection (Davys)

Note that StPn clearance was decreased by 1 day following primary RSV exposure and that this effect

on StPn clearance persisted at least 7 days. Data presented are representative of two separate experiments, 10 mice/group per time
point. P<0.01

James M. Stark et al. Journal of Medical Virclogy 78:828-838 (2008)



Histopathology of RSV- S. pneumoniae sequential infection

James M. Stark et al. Journal of Medical Virology 78:829-838 (2006)



Nasopharyngeal bacterial loads of S. pneumoniae among
radiographic pneumonia, LRTI and health, children

A
P <0001 NS

H
i

4

Lag18 value of praumacoccal densiky

P o< 0001
-
RGP othar LRTI Haaky
n=106 n=119 n=176

RCP indicates radiologically confirmed pneumonia;
Huong Thi Thu Vu et al. Pediatr Infect Dis J 2011;30: 11-18) LRTIs, lower respiratory tract infections



The association between an increased pneumococcal load in
nasopharynx of radiologically confirmed pneumonia
children and viral co-infection

A
s _/ \
P =.0001

z | | NS
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Virus(-) Virus(+) Virus(-) Virus(+) Virus(-)
other LRTI Healthy

RCP
Q=25 n=81 / n=28 n=91 n=176

Huong Thl Thu Vu et al. Pedlatr Infect DIs J 2011;30: 11-18)
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Infectious Disease Journal
Newsletter

May 2011

RSV AND SERIOUS BACTERIAL INFEC-
TIONS We recently treated an infant who had

RSV bronchiohitis and subsequently developed
pneumococcal meningitis. The pediatric resi-
dents managing the child asked whether RSV 1a
commonly followed by serious bacterial infec-
tions (SBI). The answer 18 no; 1t 18 very uncom-

mon for SBI to follow RSV disease. As an ex-
ample, Levine and associates (Pediatrics

[oY Droncnlolnts ana subsequently aevelopea LR’ LSURONIL. IT CONTAINS Ruea Ui . crnuoera
pneumococcal meningitis. The pediatric resi- Inaba and Ogawa serotypes and El Tor and Clas-
dents managing the child asked whether RSV 1s sical biotypes and a recombinant non-toxie B-
commonly followed by serious bacterial infec- subunit providing added protection against
tions (SBI). The answer is no; 1t 1= very uncom- ETEC traveler's diarrhea. Efficacy against severe
mon for SBI to follow RSV disease. As an ex- ETEC diarrhea (86% with a wide CI) and cholera

ample, Levine and associates (Pediatrics (85% with a wide CI) is pretty good considering



REVIEW ARTICLE

Occult Serious Bacterial Infection in Infants
Younger Than 60 to 90 Days With Bronchiolitis

A Systematic Review

Shawn Ralston, MD: Vanessa Hill, MD; Ami Waters, MD

obiectiv A sCreening approach to culturing for serious inay

terial infe

ingwith. Ppacterial infections in febrile infants

cytial vin

Data 5o

Medine. SYNCYtial virus infectio

bacterial ... 2 T s e .

4 -F
clinical bronchiolitis and/or respiratory syncy tml virus
infection.

Study Selection: Studies reporting on cultures per-
formed at the time of presentation to care and providing
a denominator, ie, total number of each type of culture
obtained, were analyzed.

Main Exposvure: Admission for bronchiolitis.

icted.

tions
[ was

presenting with bronchiolitis or respiratory ..

se of

n is very low yield. mary
SlAllsiies 1l l.llLl.l.l.l.l.E].l.L‘_'n Gl PP LT LTI el el LIl plD—
vided because of an excess of zero events in these samples.

Conclusions: A screening approach to culturing for se-
rious bacterial infections in febrile infants presenting with
bronchiolitis or respiratory syncytial virus infection is very
low yield. The rate of urine cultures positive for bacteria
remains significant, though asymptomatic bacteriuria may
confound these results.

Arch Pediatr Adolesc Med. 2011:163(10):951-956



A 1 months old newborn was admitted to the Soroka
University Medical Center March-2011 due to fever and
respiratory distress. WBC- 10K and CRP 5.2
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Examples of pathophysiological interactions between influenza and
bacterial respiratory pathogens and various clinical expressions

Prim
Influenza infection = * | Febrile respiratory illness (self-limited)
Viral pneumania
Acute respiratory distress syndrome
Pathophysiological effects

|

-Destroyed/damaged physical bamers
-Increased adherence (MA mediated)
-Decreased mucociliary activity “Mioced” | Virakbacterial pneumaonia — 3| Death
-Immure cell dysfunction

-Immure systemn dysrequlation

-Up-requlated gene expression (toxins )

¥ Secondary Preumaonia
Bactenial infections —-------- -# Empyema
_ Lung abscess
-Streptococows pnavmoniae Toxic shock
-Staphylocooous aureus Meningitis
-Streptococows pyogenss Sepsis
Newsseria meningit idis

Hoemophilys influenzas

John F Brundage Lancet Infect Dis 2006; 6: 303—-12




It is accept that the pathogenesis of CAAP is micro aspiration of bacteria
spreading from the nasopharynx to the lung

1iils 11U




The Relative burden of Respiratory
Syncytial Virus-associated community-
acquired alveolar pneumonia in children
born premature at 30-35 weeks
gestational age

/\/




Relative burden of respiratory syncytial
virus associated community-acquired

pneumonia (RSV-CAAP) in children
born 30-35 weeks gestational age

D. Greenberg, N. Givon-Lavi, E. Shany, J.
Bar Ziv, R. Dagan.

The Pediatric Infectious Disease Unit
Neonatal Intensive Care Unit
Soroka University Medical Center and The Faculty
of Health Sciences, Ben-Gurion University of the
Negev, Beer-Sheva, Israel
Department of Radiology, Hadassah University

Medical Center, Jerusalem ) 0

cmur.v.
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* To compare hospitalization and PICU admission
rates for RSV-associated CAAP (RSV-CAAP) in
children born at 30-35w GA (30-35wGA) vs. those
born at term (236w GA).
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World Health Organization
Pneumonia Vaccine Trial
Investigators's Group.
Standardization of interpretation
of chestradiographs for the
diagnosis of pneumonia in
children. WHO/V&B/01.35:
World Health Organization,
Geneva, 2001.
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Standardization of interpretation
of chest radiographs for the
diagnosis of pneumonia in
children

World Health Organization Pneumonia
Vaccine Trial Investigators’ Group
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Alveolar (AL)




Evaluation of chest radiographs in children younger than 5
years admitted to the pediatric emergency room

Chest X-rays
ER /Wards (within 48 h of hospitalization)

l 1

1 control case for each
pneumonia case (age- Reader 1 Reader 2
matched) \ /
1 v Agreement=
Pediatric Pediatric radiologist +
m il At » at least one reader
radiologist

l

Final decision

Alveolar pneumonia



Comparison of hospitalization rates in children <5 years with CAAP
with and without RSV, born 30-35 vs. 236 weeks gestational age during
the RSV season (November - March 2001-2010)

>36w GA 30-35w GA
N= 130,164 N= 2,859
*RR=5.7 l
(4.6-5.9)
CAAP /4\‘\ CAAP
N= 2,472 (1.9%) N= 283 (9.9%)
Incidence* 26.3/1000 Incidence* 136.1/1000
l **RR =6.4 l
RSV -CAAP (5.1-8.1) RSV-CAAP
N= 554 A N= 78
4.3/1000 27.3/1000

*Extrapolated from children from whom RSV was
*Relative risk (RR) of CAAP in patients born 30-35 weeks GA vs. 236 weeks GA, obtained
**Relative risk (RR) of RSV-CAAP in patients born 30-35 weeks GA vs. 236 weeks GA, RR were controlled for age and ethnic groups



Figure 2: Comparison of hospitalization rates in PICU in children <5
years with CAAP with and without RSV, born 30- 35 vs. 236w
gestational age during the RSV season (November - March)

236 GA 30-35 GA
N= 130,164 N= 2,859
RR=17.8
(11.2-28.2)
CAAP CAAP
N= 64 (0.05%) N= 25 (0.9%)
Incidence™* 0.7/1000 Incidence* 10.7/1000
RSV-obtained RSV-obtained
N= 33 N=15
| *RR=31.3 |
l (14.5-67.4) l
CAAP-RSV (+) /‘A’\ CAAP-RSV (+)
N= 16 * | N= 11
O. 1 2/1 OOO OItE))t(;izglated from children from whom RSV was 38/1 OOO
RR were controlled for age and ethnic groups




Figure 1: Comparison of hospitalization rates in children <5 years
with CAAP with and without RSV, born 30-31, 32, 33-35 vs. 236w

GA during the RSV season (November - March)

=36w GA
N= 130,164 *RR=5.7
l (4.6-5.9)
CAAP
N= 2,472
(1.9%)
RSV-obtained
N= 1,244
(50.3%)
*RR =6.4
(5.1-8.1)
RSV (+) * Mantel
N= 556 Hagnszel
(44.7%) Weighted RR

30-35 w GA*
\
30-31 GA 32 GA 33-35 GA
N= 770 N= 379 N=1,710
RR: 4.1 RR: 5.3 RR: 5.7
(3.2-5.3) (3.9-7.2) (4.9-6.6)
CAAP CAAP CAAP
N= 60 N= 38 N= 185
(7.7%) (10.0%) (10.8%)
RSV-obtained RSV-obtained RSV-obtained
N= 26 N= 21 N= 90
(43.3%) (55.1%) (48.6%)
RR: 4.3 RR: 7.4 RR: 7.1
(2.5-7.2) (4.2-13.0) (5.4-9.4)
RSV (+) RSV (+) RSV (+)
N= 14 N=12 N= 52
(53.8%) (57.1%) (57.7%)




Figure 2: Comparison of PICU rates in children <5 years with
CAAP with and without RSV, born 30-31, 32, 33-35 vs. 236w GA
during the RSV season (November - March)

30-35 w GA*
( \
>36w GA 30-31 GA 32 GA 33-35 GA
N= 130,164 |*RR:17.8 N= 770 N= 379 N= 1,710
(11.2-28.2)f pR: 15.9 RR: 37.6 RR: 14.3
(6.9-36.5) | (17.3-81.4) (7.7-26.4)
CAAP CAAP CAAP CAAP
N= 64 N= 6 N=7 N=12
(0.05%) (0.8%) (1.8%) (0.7%)
RSV-obtained RSV-obtained RSV-obtained RSV-obtained
N= 33 N= 2 N=7 N= 6
(51.6%) (33.3%) (100%) (50.0%)
*RR:31.3 J RR:10.3 RR: 41.6 RR: 11.5
(14.5-67.4) ¥ (2.5-42.6) (14.8-116.9) (4.5-29.5)
RSV (+)  Mantel RSV (+) RSV (+) RSV (+)
N= 16 Haenszel N=2 N= 4 N=5
(48.5%) Weighted RR (100%) (57.1%) (83.3%)




Prevention




Trends in monthly US admission rates (1997—-2004)
B for all-cause pneumonia before and after routine
Immunization of children with PCV7

a ! i

POV

I e reduction in all-cause pneumofia,
w. Rates indicated about 41,000 s
_ pneumonia admissions Prevented

per year In children

< 2yrs

1G04

C. G Grijalva, Lancet 2007; 369: 1179-86



PnCV Efficacy Against “Viral Pneumonia” - HIV(-) Fully

> —

Immunized

21

32

0.1

(-14 - 62)
64 94 - 50) 0.02
16 27 (10- 68) 0.09
9 13 62-70) 0.4

A role for Streptococcus pneumoniae in virus-associated pneumonia

Shabir A Madhi!, Keith P Klugman®-2? & The Vaccine Trialist Grouf NATURE MEDICINE VOLUME 10 [ NUMBER 8 [ AUGUST 2004
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‘Effect of PCVY on Lower Respiratery Merbidity in DCC
Attendees (Age Windeaw 15 - 25 m)

e

LR problems (mainly

- bronchitis/bronchiclitis/cough)
SE 2y 16.3
P
i 127
39 10 -
1 23% risk reduction
2 & P =0.015
R . .

Wacclne Confrole

reciplants

n=1,028 m=887
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Synagis®

Mechanism of Action



www.pediatrics.org.il/DATA/Pediatric0212/Synagis-Mechanism-5.wmv

IMpact Trial — Efficacy Results

Primary Endpoint : RSV Hospitalizations

p = 0.0004
55 % reduction
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Placebo n =500 Palivizumab n = 1,002

The IMpact - RSV Study Group; Pediatrics 1998; 102(3):531-7




The Impact-RSV Study Group:
Hospitalization Rates by Subgroup

@ Palvizumab Group O Placebo Group

i

5.8%
4.8% 1.8% 2.0% 1.8%

All Infants\ Infants /Infantsw Infants 82-35wks 32-35 wks
<32 wks CLD w/o CLD /o CLD

The Impact-RSV Study Group. Pediatrics. 1998;102(3):531-537.



RSV hospitalizations in the first 6 months of age are
similar in all premature infants irrespective of GA
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180 163.6 159.6
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Healthy term* <28 Wk 29-32 Wk 33-35 Wk
GA

¢ Retrospective study of enrollees in Tennessee Medicaid, Jul 1989-Jun 1993, < 3 years old

Hospitalizations per
1000 child-years of season

¢ Chart shows hospitalizations among infants < 6 months old

* Infants of >36 weeks GA without other medical conditions.
GA = gestational age.

Boyce TG et al. J Pediatr. 2000;137:865-870.



Mean serum IgG levels increase with increasing
gestational age
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Yeung CY, Hobbs JR. Serum-gamma-G-globulin levels in normal, premature, post-mature, and “small-for-dates” newborn babies. Lancet 1968;
1(7553): 1167-1170.



Premature
— Term

Flushing action of unination, tears,
INNATE diarthea & saliva

IMMUNITY

ADAPTIVE i
IMMUNITY : Pseudoglandular Period ~ Canalicular Period ~ Saccular Period Alveolar Period

Cellular Humoral

(Tlo16weeksGA)  (16to 25weeks GA) (6to36weeksGA) (3610 41 weeks GA)

It is accept that the pathogenesis of CAAP is
micro aspiration of bacteria spreading from
the nasopharynx to the lung
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Passive Respiratory Syncytial Virus (RSV) immunization

‘RSY "y o inT TA1 730 Iofn DY TVIGD DVYWON Y Dy

SZroera pien 1 venn RSYAIGIY 7m0 [nean amin fa07anme -

X¥nal e Ny man  Abbosynagis (Palivizumab) owa ‘auzpiim (humanized) [ninn [an -

IR WMy DY

Fwonn aw 5.1

"lainn” Parranim - Palivizumab yon  Abbott nnan nain  Abbosynagis nea wonn

RSV Yw B-1 A o9t T wion ,1gGq "tpm
.histidine, glycine, mannitol :vwonin 7w o'rwe K7 00N
M NI 70 1K P WONn

#*runn 5.2

Y172 31 7Y Aanana 1-n e RSV-n 7w amn nivve niwa win'w7 ymim veonn

Ty
Dlln]u

[¥NN2 719'07 D'FIFTN 1IN NIKD NN 04170 099 1T 0T | X

M Ty

BPD mixn n7nna oo 0o 1T 0T | 2

1UDIN NTN DIP'Y "y n¥N nanamw (broncho-pulmonary dysplasia)
TN TRND 71910 IFETIYE (1IN0 DIWRY 36 7w j7inn 7'a2 0" 0ntol
NION'O 2NN IK O T'HRIND0IF 0TI 0NN ,|¥an

N ATy

.am' 6 + i nwiaw 31 Ik pova 1T oy

n1w ATy

‘A7HA TNN DUPNNAl DTN 27 Dnnn oYaon oy
A% npeo WY Monn Y190 0'7aEnn 0T 1

AN Ty 1 mEs 0T YRt e oy o 2
DoAY 2% n'nn oy o 3

N 7 Ty

2" 1-n A1 TEwna 1T L NTYN VR i N

e e T

AW 190 NIND D7ANA 072100, 0T YIawa NI K7 ovTe

7273 avnnn nuany }Kex  RSY "y intaan 0o nTnna 7i9'0Y T IR 1WONN LN

(7712 990NW INK ANDIA X AT X917 TN KOIN) NNDIM K9 Ty VAR YWD NN 7N 2

U NIMEmnY DRNNA R

qno Abbosynagis 7w noon nan [mrn RSV-n 2w T NIYIYO MY JwN 27 AN VX OX A

7 5.2 'Woa MNINY DMPNa NI INKT

'RSV-n 9w 177 NI MY DIN TV VIR NN TN TwnnT W nim Y1910 0'orn orTen 07 .1

A e e et

OYIna AR Y omnten Yo nivTn Abbosynagis 1IN winws nrma

YRAAT TR THI0A REIR TN Y1900 JIRT 0 WND RSV DY RYNNA 00 TP RYTAN DEE IR0 NN n'nin ***

SR00'0 ML O TR0 DS NIDAMD UMA DD OFTRINDD | DINWE 200



Birth segmentation by wGA - 2007 (MOH data - Research

Department)
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Guidelines in 10 Countries

Courtesy of Medimmune and Abbott International.
. July 2009

Japan, Venezuela — 33 -35wGA less than 6 months when season begins - 5 to € doses
depending on season length

ltaly — 33 -35wWGA, <12 months when season begins, and 2/11 RF with
specific local reimbursement guidelines — 5 doses

- 321 -35°%GA, < 6 months when season begins, with 2/7 RF are
recommended (vs highly recommended for BPD, CHD, <=32GA) —
all season long

— 32 to 34 6/7 wGA, < 3 months old at start of season AND 1 RF

Spain

US - COID among day care attendance or sibling < 5
— 3 doses maximum

Canada — Varying by province, according to the RST scoring (high risk +/-
moderate), born in season

— <29-35wGA infants, < 6 months when season begins and with 2 out
3 RF are considered as moderate risk and can receive prophylaxis -

5 to 6 doses if necessary

Germany

Brazil — Based on AAP guidelines, but infants 32 — 35wGA not included in
clinical and reimbursement guidelines

France, Netherlands — 33-35wGA infants are not eligible for RSY immuno-prophylaxis, or
under certain conditions

UK — <=28-35wGA infants are not eligible for RSV immuno-prophylaxis




Antivirals for RSV:
Update on small molecules

OH




BTA 9981
Biota & Medimmune/Astra Zeneca

Mechanism Fusion inhibitor

Administration Oral route

Bioavailability 100%

Animal models Good Efficacy

Clinical studies Phase 1

2"d Compound Improved antiviral
activity & solubility

F

Pitt G, RSV 2010 Symposium, The Netherlands



MDT-637 (VP14637)
MicroDose Therapeutx & Gilead

OH

MDT-637

Mechanism Fusion inhibitor
Potency IC50 : 0.0006 uM
Formulation: Dry powder
Administration: Inhaler

Fine particle dose (<5 um) 16 mcg projects
2 UM post-inhalation drug concentration,

3300x the IC50

Clinical studies

Phase 1

Cook R, RSV 2010 Symposium, The Netherlands




Anti viral effect of ALN-RSV01 (siRNA)
in lung transplant patients with RSV infection
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Zamora et al Am J Respir Crit Care Med 2011; 183:531



Take home message (1)

Community acquired pneumonia in children is common
worldwide

There are different etiologies of CAP in children and it can
vary from different viruses and different bacteria and in
30% it can be co-infection of virus and bacteria

The viral infection proceed the bacterial infection and
manipulate the host defense factors enable the bacteria to
invade the lungs and to create infection leading to CAP

RSV plays an important role to enhance Streptococcus
pneumoniae to cause pneumonia in children



Take home message (2)

* Children <5y born 30-35 weeks gestational age are at a
markedly increased risk for hospitalization and PICU
admission due to RSV associated community-acquired
alveolar pneumonia compared to those born =236weeks
gestational age

* Strategies for prevention of CAP should include vaccine
for:

» Bacteria: S. pneumoniae, H. influenzae and pertussis

» Viral: Influenza and the RSV-IG in high risk children
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How You Can Prevent Pneumonia

“Remember, you can also avoid getting sick by: washing
your hands often, eating nutritious foods, visiting the
clinic for check-ups and vaccines, and staying away from _

smoke. Also, mothers who feed their babies only breast Story by: Jessica Alderman
milk for the first 6 months of their life will help keep Illu§trated by: David AId.erman

infants protected from pneumonia,” said the doctor. Edited by: Alethea V. Nickerson




Comparison of CAP cases in children <5 years of age
RSV positive and negative

RSV Positive | RSV Negative p
N= 699 N= 1517
GA<29W 18 (29.5%) 43 (70.5%) 0.865
N=61 (2.8%0)
GA 30-31 23 (59.0%) 0.159
N=39 (1.8%0)
GA 32 17 (58.6%) 0.208
N=29 (1.4%0)
GA 33-35 55 (4 73 (57.0%) 0.003

N=128 (5.8%)

 Only 1 was fully vaccinated RSV-

diagnosed at 21 months old
1 received only 2 doses-RSV (+) on April
2 received 1 dose

P=0.014

Death: 11 children
with RSV (+)
Premature 3:

only 1 27w not
RSV vaccinated

2 children 33w
(9mo) and 35w
GA (2 wks)




