HI1NI1 2009 Pandemic

Human Swine Influenza

What the government €A do ?
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THE TURKEYS HAVE BIRD Fw THE CowWsS HaviE MAD Cow DISEASE.
I'™M TELLING You, BOYS...UNLESS WE WANT TO SEE MORE HaM SERVED
ON THANKSGIVING, WERE GOING To HAVE TO GETOUR OWN DisEASE ./




Summary I

The 2009 HIN1 Human Swine Influenza has a high
attack rate among children.

The mortality rate would increase 10x in the present
of bacterial co-infection.

30-80% of the co-infection are related to
pneumococcus and Haemophilus influenza which are

vaccine preventable.
The government should prevent such complication
by immunization program
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Many of our frontline staffs who are working mothers
and fathers have increased nasal colonization with

PNncuImococcus

Elderly (age >65) has mncreased cardiovascular and
pneumonic mortality related to pneumococcal co-

infection during influenza period.

Hong Kong pneumococcal population has high rate of
penicillin resistance.

The government should prepare the above
at risk population against pneumococcal co-
infection by vaceination before pandemic.
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Summary III

@ Acetylcysteine 600mg b.d. has been shown
to reduce symptomatic influenza from 79%
to 25% 1n elderly population.

@ Before vaccine are available, acetylcysteine
prophylaxis is an attractive option 1n
conserving the existing workforee during
an pandemic outbreak.




Summary IV

@ Animal experiment has shown that
acetylcysteine and Tamiflu have synergistic
action 1n improving survival of mice against
lethal influenza infection.

Incorporation of acetylcysteine into the
Tamiflu treatment regime of human swine
influenza infection should be considered.




Mexican Flu, Swine Flu, HIN1
Pandemic Pandemonium Origin

La Gloria

@ Iti1s believed that a five
year old boy in La
Gloria, Mexico was the
very lirst person that

tested positive for the
Mexican Flu.

The outbreak may

started as early as
15/2/2009
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The grave of Maria Adela Gutierrez in ‘Oaxaca Mexico
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Pigs in Canada were diagnosed
with HIN1 on 2/5/2009

M

N ki

& hog farm in Alberta 1s
unider quarantine atter
Canadian pigs caught the
Hybrid HI1HM 1 Flu from a
farm worker. The pigs were
exposed to the wins after a
witker at a farmily-run farm
returned from Mexico with
flu synptoms. This 15 the
firat time the new HI1N1
ii_iﬂuEn_E_a stram has been
found m pigs,




Human Swine Influenza Virus

The first US case was in a
9-year-old gir]l in Impernal
County, Calif., who got sick
with a fever on Mar 28.

The second US case
involved a 10-year-old boy
in neighboring San Diego
County who fell 11l on Mar
30.

Pregnant women died of
swine influenza 6/5/2009 in
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New Influenza A (H1N1),
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Guatemala
3cases

El Salvador
4 cases

Costa Rica
Bcases
1 death

Panama

Number of laboratory confirmed cases and deaths as reported to WHO
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Finland
2 cases | !L‘

A

Status as of 13 May 2009
06:00 GMT
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4 cases

Republic of Korea
| 3 cases




(Pandemic E’ﬂtmﬁal ﬁﬁ’ a S&mﬁm vnﬂ" inﬁmma A (}HNE) Early Findings
Christophe FRASKR Science 10.1126 science.1176062 2009)
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M Frequency of reported symptoms amongst 556/616 (90%) of cases

Hyaline rhinorrea
Painful swallowing
Headache
Arthralgia
Generally unwell
Chills

Malaise

Nasal congestion
Abdominal pain
Conjunctivitis
Prostration

Impossible to
screen for
asymptomatic
carrier at
airport

Symptom _Frequency (%)
Cough 456 (82.0%)
Fever 378 (68.0%)

340 (61.2%)
279 (50.2%)
188 (33.8%)
122 (21.9%)
117 (21.0%)
110 (19.8%)
109 (19.6%)
95 (17.1%)
53 (9.5%)
50 (9.0%)
40 (7.2%)




g I.a Gloria clinical attack
i rates by age and gender

Pt Age Group Male (%) | Female(%) | TSian o)

<1 91.2 737 83.9

1-4 66.2 66.1 58.1

5-14 49.7 66.3 57.7
15-24 256 28.2 27.0

25-44 R 39.4 31.6

45-64 18.4 42.7 AN

.. 17.5 257 ). 220




Key differences betw
virus from this )DDJ D.Jib;l"'f*‘rrdi
(seasonal) human Muiuasf_mﬂ zii [HJ U ) muu

New Influenza A HIN1 (2009)

Yearly Influenza A HIN1

Oseltamivir (Tamiflu)
sensitive?

YES

No

Vaccine Exists?

No

YES

Human Immunity?

No

YES

Human Infections
known prior to 2009

Hemagglutinin (Hl)

Swine influenza virus

Human Influenza virus




Antiviral Agents for Influenza

') Amantadine Rimantadine Zanamivir Oseltamivir
-i Protein target M2 M2 Meuraminidase Neuraminidase
& Activity A only A only Aand B A and B
Side effects CNS (13%) Gl (6%) ?Bronchospasm Gl (9%)
Gl (3%) Gl (3%)
Metabolism None Multiple (hepatic) None Hepatic
Excretion Renal Renal + others Renal Renal (tubular secretion)

Antihistamines, Probenecid (increased

Drug interactions None None

anticholinergics levels of oseltamivir)
Dose adjustments =65 yr old =65 yr old None CrCl < 30 mL/min
ligsced CrCl < 50 mL/min CrCl < 10 mL/min Severe liver dysfunction
Severe liver Underlying airways

Contraindications Acute-angle glaucoma

dysfunction disease
FDA Approved Indications
Adults and children = Adults and children = 7 Adults and children = 1
Therapy Adults only
year of age years of age year of age
. Adults and children = 13
Prophylaxis Yes Yes No years of age

CNS, central nervous system; CrCl, creatinine clearance; FDA, U.S. Food and Drug Administration; GI,
gastrointestinal.

Effect__i\_fe .f;;r Hunlanq Swine .
Inflyeriza HIN12009 -~



"For the first time 1n
human history, we have
a chance to prepare
ourselves for a

pandemic before it
arrives.. .1t 1s incumbent
upon the global
community to act now,"
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Influcnza

i Timeline of Emergence of Influenza A
:
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Case Projected

Category 5

Category 4

Pandemic Severity Index

Fatality Number of Deaths*
Ratio Populationol HKSAR 7 million

3% population = 2.1 million

WORLD FLU PANDEMIC DEATHS
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“yup, sho nuff looks
like we'll have another

season of swine flew”




Pandemic would likely overwhelm our critical
healthcare services and impose significant

stress on our critical infrastructure.

The goals of the Govemment's response to pandemic
mfluenza are to himit the spread of a pandemic;
mutigate disease, suffering, and death; and sustam
mirastructure and lessen the impact on the economy

and the functioning of socicty.




Goals of Community Mitigation

(1) Delay ootbraak prak
{7} Decompress pask burdes oa hespitals | infrastructure
(T Ouminich owerall cases aad heall impacty

Daily Cases




80 - = No treatment
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M Get the Mo shot
M ...not the flo.

ZERITHEERE

Influsnea (viral} I
Influenza

Comman cald (viral) |

CASES

4 AHASE - ERANERESMAR - EARC - Al other infectbous
= dissases
4 (= W, Bec.  Jan Fab,
104 peaple po MONTH FLU SHOTS

ARE AVAILABLE

Va"ccmatlon

STUDENTS: $5.
STAFF: $10.

SMITH COLLEGE
Healih Services

PO Cail Health Services (x2823)

AW 2 0ty

Vo et - to make an appointment
s o SatleN vaccines : for a fiu shot.

. hic
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| The most im :)ortant measure to
)., protect population at large from
g2 pandemic influenza if mutation
- " cannot be prevented by public
W5 measures

Protect
yourself.
Protect your

loved ones.

= ol T A . ik
— Hitp e ke rom



I Get the flu shot
M ...not the flu.

HEIGHT

1 i OF FLU
y - 3 SEASON
Se.. <
. Optimal time for
T vaccination
= + -
o, '_ Oct. Nov. Dec. Jan. Feb.
gl ene MONTH

Problem with vaccination
There is a delay of G ‘months before effective vaccine is available.

5 limit




New Influenza A (H1N1),

Status as of 12 May 2009
. é Number of laboratory confirmed cases and deaths as reported to WHO 06:00 GMT
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The Worst Scenario 11!

¢ Two mflienza viruses
mfectmg the same cell ean
produce 256 different
strams of viruses.

2 What would be the result
PIGS — INVERMEDIATE HOSTS ﬂfwm after
FOklE PAMNLIFE SIS INFEL RS &5 s-wiII: ﬂu sprﬂad tu SEA
and China where HSN1 is
endemic and resistant to




INTERSPECIES TRANSMISSION OF
INFLUENZA VIRUSES

HumangSwinedH 1N 1
HumanH 1IN 1




If the swine mfluenza HIN1 2009 virus has acquired
the lughly lethal NS gene of H5SN1 and the
neuramuiudase mhibitor resistant NA gene of exusting
HINI vius after reassortiment, a lugh transnussible

H I] |] l] [I I] [I I] and lethal (60-70% mortality ) influenza virus with
pandemic potential but resistant to all existing anti-
viral medication would be produced.

H5N1 = NS gene

HIN1 =» NA gene

Swine Influenza
HINI 2009

Worst Case Scenario



Prevalence of Oseltamivir-resistant HIN1 viruses, as of 01 July 2008

& | HiN1 samples tested resistant (%)
B | [ JLessthent0
B 10-99
| 100-249
1 I 5.0 and more

|: Data not available




- BIRD FLU OUTBREAKS AROUND THE WORLD
EUROPE (Detailed map below) RUSSIA

|
| BURKINA
1 FASO

. Countries with outbreaks
| Countries with outbreaks including human cases SOURCE: FAO/WHO




Lung tissue from 1918
influenza victim.

v its ability to rapidly produce
;. extensive damage to the respiratory
= epithelium.

CPSF30-binding pocke

(30 KDa host protein cleavage and
polvadenylation specificity factor

In March of 1997 Dr. Jeftery Taubenberger
and colleagues, of the Armed Forces Institute
of Pathology, announced i Sciernce. that they
had recovered and analyzed fragments of the
RNA genome of the virus responsible for the
mfamous 1918 Spamish Flu pandemic.

northwestern part

In March of 1997 Myt
Avian flu ‘ 4’
outbreal among ‘

chiclken tarms m

Blrd .
outbreak

of Hong Kong.

BIRD-FLU SCARE SWEEPS HONG KONG!

JMILLION

dCHICKEN
JAMASSACRE

6/18 33%
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INFLUENZA VIRUS Influenza A virus
/ \
y" HA  dsRNA €=——pNS1

i . - ?

ATF2/c-JUN IRF-3/7 NF-KB

S NS1 and NEP
;= °cThe NS1 is an

-4 i
B4 antagonist of the

i cellular type 1

g interferon system, and
N :

=55 the nuclear export

¥4 protein (NEP) functions

?

g in viral assembly. Nucleoplasm



CPSFSO bmdmg by the H5N1 HK97 virus is
- suboptimal for virulence: changing L103 to F and

- I106 to M results in not only a 20-fold enhancement- | W

in virus replication: in tissue culture, but also an even
larger 250 fold, enhancemen’r of vmulence in mice. .

| Unllke. ’rhe NSIA pro’rem of ’rhe HK97
- virus, all of the:NS1A proteins of -
H5NI1 viruses isolated from humans

. since 2003 contain the optimum F103 ¥
Lt and M106 amino aads : |



Human Avian Influenza A (H5N1) Cases by Age Group and Qutcome
(n=400) (as of 23 March 2009)
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What should be our strategy before effective
vaccine 1s available and Swine HIN1 has
mutated to a malignant strain with high
mortality rate and show some degree of
resistant to oseltanuwir ?

Non Viral Specific Strategy For

Swine Influenza H1N1 2009
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2.

Swine

Option of pneumococcal and Haemophilus
influenza B vaccination for at risk
frontline staffs

N-acetyleysteine prophylaxis for frontline
staffs during second wave of influenza
pandemic before effective vaccine is
available to preserve manpower of
frontline staffs

Adding N-acetylcysteine to Tamiflu regime
for its synerglstlc action




Pneumococcal and Haemophilus
influenza B vaccination for frontline
staffs and at risk population

Dr. Lai Kang Yiu
Intensive Care Unit
Queen Elizabeth Hospital




Over 50% of influenza death were reported to have died
with the pneumococcal complications

Pneumococcl do not mutate like the influenza virus

We have effective vaccine for pneumococcus

Preparing for the influenza pandemic:
remember 1ts ally the pneumococcus

Clinical Medicine. [London: Jun 2007. Vol. 7.
Iss. 3; p. 309




©Pneumonia 18 one of the most common causes of
morbidity and mortality for adults and children

©®The burden of disease 1s highest in children under 3
years of age; pneumonia 1s responsible for more
childhood deaths than any other illness.

@Majority of of secondary bacterlal pneumomas Were
assoclated w1th Mmpr@w CUS DILCHI
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"“j, pathogen in children <5 years of age. The Hib conjugate
Y ) ) -

3
]
el

B Haemophilus influenzae type b (Hib) 1s an important
4
”.

vaccines were the first polysaccharide—protein
conjugate vaccines to be used in routine childhood
schedules. Their introduction in the UK 1n 1992 has
resulted in the near elimination of Hib disease.

The UK Hib vaccine experience

P T Heath and J McVernon
Archives of Disease in Childhood 2002:86:396-399




in UK children < 5 years of aj

b vaccine experience
chives of Disease in Childhood 2002;86:396-399

C

o
o

Year Cases Incidence rate per 105 (95% CI)

1980-1990 1500 21 - 44
© 900 meningitis | © Mortality 2.3-4.3%

@ 60 death @ MR 6%
@ Seizure 6%
@ Deafness 7%

0.83(0.53,1.1)

0.84(0.54,1.1)

0.63(0.37, 0.89)
1.1(0.74, 1.4)




Vaccination Program by N.H.S.

Age Vaccine

Two months  DTaPAPV/Hib + pneumococcal (PCV)

Three months DTaPAPV/Hib + MenC
Four months DTaPAPV/Hib + MenC and PCV
12 months  HibvMenC

13 months MMR + PCV




Indirect Effect of Community Wide Hib
Conjugate Vaccination: Navajo Nation;
1988-92, Children < 2 yo

Rate per 100,000 child-years

1988 1990 1991 1992

Year

Mouilton L, et al int J Epi, August 2000
e E—

drop even onlv 30“ of popula‘uon Vaccmated

- . EEaw

. “ -
e — [ -



WHO recommends Hib vaccine for
infant immunization 1n all
countries.




Estimated number of persons affected by pandemic influenza per 1000
population for resource-poor settings (W.H.O.)

| ,m“ Ill from 1nfluenza 15-35% Up to 50-60% Up to 500-600

5-10%
(of those 11l)

(of those 111)

R Sh{llll(l we vaccinate our population at risk to reduce secondary
*!'-'i{ i bacterial pneumonia due to pneumococcus and haemophilus infuenza
co infection to reduce this potential volume load?
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Case Fatality is highest at extremes of age

:

4 "\ Nearly half @ the influenza-related deaths in fhe 1918
pandemic wde i young adults 20-40 years §f age

Case fatality per 100 persgs

X _ageer 00T
0 .“3__*-1-1""1-;-14'1"' 1 I 1 I I 1 I 1
0 § 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Age Groups

s How can we reduce this mortality ?
Bacterial co-infection =
= ' ; (a) NA facilitate bacterial adhesion and invasion.
88 (b) Cleavage activation of HA by bacteria amplify virus replication




Setting

&% Clinical history

Physical
examination

B s oputum
&% bacteriology

Chest
- radiography

' White blood
¢ cell count

. lsolation of

] Response to
antibiotics

Mortality

influenza virus

Primary Viral
Pneumonia

Cardiovascular disease,
pregnancy; young adult
(Hew1N1)

Relentless progression
from classic 3-day
influenza

Bilateral findings, no
consolidation

MNormal flora

Bilateral findings

Leukocytosis with a shift
to the left

Yes

’Fll'lls- Wﬂllld pmduce
e1rlyﬂeath-- A

Secondary Bacterial
Pneumonia

Age >65 yr, pulmonary
disease

Improvement, then
worsening after 3-day
influenza

Consolidation
Pnewmococcus,
Staphylococcus,
Haemophilus influenzae

Consolidation

Leukocytosis with a shift to
the left

Na

Yes

Low

pﬁn‘de is.

Comparative Features of Pulmonary Complications of Influenza

Mixed Viral and
Bacterial Pneumonia

Localized Viral
Pneumonia

Any associated with A or 9Normal

B

Features of both primary
and secondary
pneumonia
Consolidation
Pneumococcus,
Staphylococcus, H.
influenzae

Consolidation

Leukocytosis with a shift
to the left

Yes

Often

Variable

Continuation of
classic 3-day
syndrome

Area of rales

Normal flora

Segmental infiltrate
Usually normal

Yes

10 days suggiﬁg
mixed or semndary bacterial

mfectmn play a. maJmLLule. &
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(Marens J infect Dis 2008:198:962- 970)

Bacterial culture results in lung tissues from 5226 victims of
the 1918-1919 influenza pandemic from 96 autopsy series

Bacterial pathogens % of culture from which
organism was recovered

Streptococcus pneumoniae 24%

Streptococcus pyogenes 17%

Haemophilus influenza 10%

Staphylococcus aureus 8%
| Mixed growth 21%
l Others 16%
| No growth 4%

Case-fatality ratio of 20-30% (10x) when
there is secondary bacterial infection
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Predominant pathogens responsible for

. bacternal co-infection during pandemic

Pandemic Predominant pathogen for bacterial co-
infection

S pneumonia, H. influenza and S
PYOZENECS outbreak of

S. Aureus (69%) (Phage
[ : . 1ype 80/81)in 1954- 1957 causing a high
S. Pneumoniae (43%) frequency of skin and soft tissue mfections, sepsis

S. Aureus (26%) and pneumonia in
H. Influenza (11%)

l"H In the three pandemic of the 20th century, bacterial pneumonia



Bacteria and Virus Synergism

Neuraminidase
facilitate bacterial
adhesion and
invasion

NS1 |
protein of EplthE]ldl dam:
HI1N1 1918

& H5N1

Cleavage activation
of Haemagglutinin
amplify viral
proliferation

Pneumococcus



Neuraminidase activity

Budding virus

Neuraminidase cleaves receptor

’ /Hemagglulinin

*
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Neuraminidase inhibitor
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Zanamivir at the active site
in a cleft on the surface of
Neuraminidase.

- Fr
"% (o
' -

Lite 2L Budding of
Ville The Journal of Infectious Diseases 2005:192:249-257
Comparison of neuraminidase (NA) activity with excess mortality from influenza.

Circulating Excess mortality/
Season influenza virus|NA activity,® %|Deaths®| 100,000 persons
1957-1958 SingS7 100 66,000 (39
1962-1963 Eng62 24 46,000 |25
1968-1969 HK68 12 28,100 |14
1972-1973 Mem72 37 20,700 (10
1987-1988 Len86 41 30,800 |13
1997-1998 Syd97 71 72,400 |27




Influenza
Viruses

_» Neuraminidase (NA)
-+ Hemagaglutinin (HA)

HA promotes
blndlﬂg a Eﬂtry Epithelial celi

Interaction between & preumaniae and epithelial cells. Neuraminidase (Manb)
decreases the viscosity of the mucus and exposes the MN-acetyl-glycosamine (GlchlAc)
receptors on the epithelial cells, which can interact with pneurnococcal surface-
associated proteins such as Psat Inresponse to cytokine stimulation, host epithelial
cells upregulate the platelet-activating-factor receptors (PAFr). The pneumococcus has
increased affinity wia its cell-wall phosphocholine (ChoP) for PAFr Moreover, a
second choline-binding protein, Cbp &, shows 1ncreased affimity for immobilised sialic
actd and lacto-MN-neotreatose, and binds directly to the polymeric Ig receptor (pIgR),
1) which tncreases migration through the mucosal barrier (franscytosis). Pneumococcal
budding & release Ighl protease cleaves opsonising Igd which results ina change (neutralisation) of
surface charge and increases the physical proximity of ChoP to the PAFr.

FHigh NA actoity mcerease mortality rate during influenza epidemic
| Cseltamivir treatment prevents secondary bacterial pneumonia even if
L5 administered late during the course of the influenza infection




The Conformations of the Haemagglutinin

Fusion pH Activated
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Clara Cell ~

Receptor-mediated
endocytosis

@
Staphylococcus aureus,

Haemophilus influenzae,
Streptococcus pneumoniae

extracellular
proteases
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mtactions. Seminars Viro



HA NA LA

Plasma

Virus envelo
membrane Ee

\ Viral ribonucleoprot
Matrix protein M1 (vRNP)

ein

Plasminogen N A does not contain a lysine at Plasminogen Bacterial
the carboxvl terminus or an ‘ .
oligosaccharide chain 12 present mn ﬂ activation
the vicinity

l HAO Plasmin

Lysine at the carboxyl
terminus of NA

Gutn, H. @ Kawanka, Y"‘(1'998) Proc. Natl. A(:E(L w _USA 95, 1[]224—10228



é Cigarette
-‘3 consumption and the 3 Decline in the
. 31 4 risk of pneumococcal risk of
i 2 disease 2 pneumococcal
i f"‘i = = By disease
i O o
A= 24
. R 1
e e e
'.. ) i . - ‘
g4 0 0- 4‘.‘:—_
=, 1-14 15-24 >24 <5 59 210
e i No. of Cigarettes Smoked Daily No. of Years Since Quitting Smoking

v ...:A Muortt JE, Butler JC, Farley M, et al, Active Bacterial Core Surveillance Team Cigarette smoking and invasive
I

+r | pneumococecal disease. N Engl T Med 2000,342 681-65%.

; Clgarette smoking cause activation of platelet-activating
? factor facilitating attachment and invasion of cells by
pneumocnccal strams Thls may contrlbute to the
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Multi-drug resistant S. pneumoniae

Russia10.6%.

5.9% Saudi Arabial3.3%

Japan
/.2%
South
Korea

56.1%

Taiwan
55.5%

Israel South Afri Hong Kong
8.8% ou rica 58.1%
° 32.6% °

acterial co-infection in preparation for pandemic influenza
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PncCV in children and 23-valent PPV in
adults st Streptococcus pneumomae
pandenuc mﬂuenza str ;ltegy |

Bacterial Pneumonia and Pandemic
Influenza Planning

Emerging Infectious Disease
Volume 14, Number 8—August 2008




Th additive benefits of influenza and pneumococcal
vaccine during influenza seasons among elderly persons
wﬁi chronic lung diseases.Nichol K.L. Vaccine 1999 17:591-5S93

Hospitalization Death

% reduction) | (% reduction)

Influenza Vaccine
klone

hacemeaone. | 27% | 34%
[nfluenza +

neumococcal 64%
vaccine

52% 70%

e ———

You need pneumococcal vaccination once.
You need influenza vaccination yearly!




Nasopharyngeal carriage of
pNeumMoCcoCcus

Paediatric Carriage Rates Adult NP Carriage Rate
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Arbome droplets

Masopharyngeal
COrriage

——— Local spread

1]

Otitis media

Sinusitis

LA

Empyema Septcaemia

--------------------

! ‘o

Joirs Merunges

e EE R e e

Arthntis/osteomyelitis Meningitis
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Risk for IPD

Age Per 100 000
6-11 months 235
< 12 months 205
< 23 months 165
Ethnicity
African American >400
Native American, Native o957 — 2400
Alaskan
Australian Aborigine 170
Splenic Dysfunction 600-6500

HIV Infection 587-11300




Young Children at Hwh F<’ 15:} of

Invasive P Neumococc
(OS. Levin Pediatric 103

@ Risk factor for invasive pneumococcal disease
Children <2 yr of age
Underlying disease

Children who attended day care in previous two months
=2 < 2yr old day care outside home 36x increase
~ <2y old family day care 4.4x increase

@ Risk factor of penicillin resistant invasive
pneumococcal disease
Children exposed to > 1 course of antibiotics

Children with history of > 1 recent ear infection
- In previous 3 months




The incidence of invasive
pneumococcal disease and
penicillin resistant pneumococcus
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B Hong Kong (18.9)

BU.K. (37.1-48.1))

O Fnland (45.3)

B Chile (49.1)

® Australia (96.4)

B South California (150)

B U.5.A. Mulisite (166.9)

O Argentina (458)

B Gambia (438)

OU.5.A. Alaska Matives
(624)

BEII.5.A. White Mt Apache
(1822)

B Australia Aboriginals
(2053




Annual incidence of culture-confirmed |IPD, Hong Kong Island,

ot by age, 1995-2004.
' 18.8

Rate for children <5 y: .8-18.6)

12-8

Invasive pneumococcal disease
(Rate per 100,000 population)
)

0-24m 25-60m 6-14y 15-34y 35-64y >=65y

Invasive pneumococcal disease {IPD) based on all positive cultures (blood, CSF, body fluid) in two major
hospitals (Queen Mary Hospital and PYH) representing 80 % of all cases on Hong Kong isiand, 12995-2004.
Population figures from sub-census in 1996 and 2001 used in calculation.

F L Ho, et al, The Paediatric Infection Disease Journal, Vol 25 (5) 454-455 May 20086




Penicillin Resistance in Hong Kong

Penicillin resistance - S. pneumoniae

Alexander Project 1998 (N=4017)
80

EX

=
:

8

PO IRV IINIVII I

J

-




e
ki i 8
extm i magR
Y
w1 w»
BTN, M3, ==
T G i
I'li._- e :_ {5~
T
2 & ..I
-}
;__.".'I A b
. ]
E:;:_I'_ii 1
o Wi
i i

Leading Causes of Vaccine-Preventable
Death in Children <5 Years 0ld

900,000
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0

Pneumococcal disease”

Rotavirus™

Children Under 5

Source: WHO official mortality rates — June 2003
* Provisional estimates
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Purified pneumococcal polysaccharide (23 types)
Not effective in children <2 years

60-70% effective against invasive disease

Less effective against pneumonia

U.S.:

adults 65 years and older children >2 years at high risk
(HIV, sickle cell, asplenia)

12348568B**T7F 89N 9V** 10A 11A 12F 14%* 15B 17F ** 19A** 20 22F ** 33F

*#*These serotype most frequently cause drug-resistant pneumococcal infections.




Purified pneumococcal polysaccharide (7 types)
conjugated to CRM197 diphtheria toxoid

Highly immunogenic in infants and young children

>90% eflective against invasive disease
Less effective against pneumonia, otitis media

| Dl

all children at 2, 4, 6, 15 months some older children at
high risk
HIV, sickle cell, asplenia)

Ll > > > 5 > > and
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Which Pneumococcal Serogroups Are Most
Responsible for Invasive Disease? It May

Depend on How Intensively You Look...

Blood cultlure threshold

I e ] 14 197
".23‘.’-1“_,‘:\ 1':\ YUUE

AR
1919 6 1214 23

1449 19 18 19 19 6

14
6 2348914
1‘1‘1"“1‘2360
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Disease burden in Hong Kong

Incidence of Invasive Pneumococcal Disease
per 100 000 children < 5 yr*

— Meningitis: 1 case
— Bacteraemia: 20 cases
— Pneumonia: 100 cases

The most common serotype:
14, 6B, 19F, 23F#

(Licensed PCV7 contains:
4, 6B, 9V, 14, 18C, 19F and 23F)

*Hong Kong Journal of Pediatric (New Series) 2001: 6: 127 — 132

#Dr. PL Ho et al. Vaccine 22 (2004), 3334-3339




Coverage by PCV7 in Hong Kong

Invasive 89.7%
Nasopharyngeal Carriage 66.1%
Invasive (resistance)* 87.5%
Nasopharyngeal Carriage 82.8% i
(resistance)*

-Serotype: 14, 6B, 19F, 23F#
(Licensed PCV7 contains:
4, 6B, 9V, 14, 18C, 19F and 23F)

Dr. PL Ho et af. Vaccine 22 (2004), 3334-3339 : _
* resistance to penicillin, erythromycin and cefotaxime
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CDC , MMWR
April 4, 2008 / 57(13);343-344

In October 2007, the ACIP approved the following revised
recommendation for use of PCV7 in children aged 24--59 months':

ghor all healthy children aged 24--59 months who have not completed any
recommended schedule for PCV7, administer 1 dose of PCV7

gror all children with underlying medical conditions aged 24--59 months who
have received 3 doses, administer 1 dose of PCV7

gror all children with underlying medical conditions aged 24--59 months who
have received <3 doses, administer 2 doses of PCV7 at least 8 weeks apart




Impact of Conjugate Vaccine on
Pneumococcal Epidemiology
summary

Large decline in invasive disease rates
in young children

Reduction in Nasal Carriage

ﬁ
Herd benefit in unvaccinated children

and adults

Indirect benefit in older children and
adults

Fewer antibiotic resistant infections



M Prelicensure B Prelicensure

25 - 54D M Posticensure 14 - W Postlicensure
E 12 -
o
55 20-
% _§ g 10 -
% Y
E e 15 1 62-7 % g - 42
o § Reduction 8 7.3 Reduction
¢ 3 j
$® = o 6 A
2« 10
<€ & 8 4.2
= g 47
— s -
2 3
0 0 .
1998-2001 2004 199/-2000 2001-2004
P=0.007 P=0.01
>65 years old <60 days old
Canada (Calgary) United States
ADULTS—Reductions in IPD due to INFANTS—Reductions in IPD due to
vaccine serotypes™ vaccine serotypes among infants <60

days of age®



“ier ! Active Bacterial Core Surveillance of the Emerging Infections Program Network. Decline in
' invasive pneumococcal disease after the introduction of protein-polysaccharide conjugate
" yaccine.

- Whitney CG, Farley MM, Hadler J, Harrison LH, Bennett NM, Lynfield R, et al. N Engl ] Med.
2003;348:1737-46.
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4 Penicillin resistance in pneumococci in

Northern California Kaiser Permanente.
[Black: Pediatr Infect Dis J, Volume 23(6).]!.13’1& 2004.485-489]

Drop in penicillin
| % Resistance

1999 2000 2001 2002 2003Q2

Heptm alent pneumococcal
. conjugate (PNCV7) vaccine

April 2000, ==




Kaiser Permanente VVaccine Study —
Postlicensure surveillance study

« Compare year 1998-1999 to 2001-2002
* Penicillin: 28.9% to 19.5%
* Erythromycin: 29.5% 10 15.0%
» Tetracycline: 39.3% 1o 13.9%
p value all<0.001

« Black S, Shinefield H, Baxter R et al Postiicensure surveillance for pneumococcal invasive
disease after use of heptavalent pneumococcal conjugate vaccine in Northern Calfornia
Kaiser Permanente.

Pediatr fnfect Dis J. 2004,25:485-469




62 61.5 B Prelicensure’' (1999) M Postlicensure (2004)

12.3

Estimated cases/100,000

8 6.9
%
; J 98
* 2.6
1.2
: — B 1
0 —
<2 yrs 2-4 yrs >65 yrs
¥ Age group

Decline in incidence of penicillin-nonsusceptible IPD due to vaccine
serotypes. Active Bacterial Core Surveillance of the Emerging Infections
Program Network®



Vaccination and resistance
(NEJM 2006 351:14 April 6 2006)
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Vaccination and serotype replacement
Vaccination and serotype replacement

Increase in non-vaccine serotypes, especially
serotype 19A, since introduction of PCV-7.
B

b-4
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o 7-valent pneumococcal conjugate vaccine reduce S. pneumoniae
| colonisation =2 ? Effect on serotype replacement
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Countries with Universal
Vaccination with Conjugate
Pneumococcal VVaccine

 US (Feb 2000),
» Canada, France (March 2002),

 Kuwait, Luxembourg,
Netherlands,Switzerland, UK (Sept 2006),
Norway, Australia, Qatar, Germany, Greece,
Belgium, Italy and Mexico.

« Planned: New Zealand June 2008, Costa Rica,
Ireland, Denmark, United Arab Emirates of Dubai and
Abu Dhabi, Cyprus and Panama.



Recommendation from the Strategic
Advisory Group of Experts (SAGE) on
Immunization

R WHO considers that is should be
a priority to include this vaccine in
national immunization
programmes, ......

WHO Weekly Epidemiological Record, 23 Mar 2007

Pneumococcal Conjugate Vaccine for childhood immunization —
WHO position paper.

23 March 2007, 82 year. No. 12, 2007, 82 93-104.
hitp://mww.who.int/wer




Pneumococcal Vaccines

Adverse Reactions

Local reactions
polysaccharide 30%-50%
conjugate 10%-20%
ever, myalgia

polysaccharide <1%

iy conjugate 15%-249
% * Severe adverse rare

&" reactions

gggg
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Efficacy of polysaccharide pneumococcal vaccine in
adults in more developed countries: the state of the

evidence.

Mangtam P, Cutts F, Hall AJ. Lancet Infect Dis.
2003:3:71-8




W Prelicensure! (1998-1999) W Postlicensure (2005)

e0
81.9

80
8 70
S %
S 60
".‘::'
E 0 Reduction
v 40
°
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0 s

Average for 1998 and 1999 2005

P<0.05 (95% CI:92-98)

Estimated IPD rates due to vaccine serotypes among
children <5 years of age. Active Bacterial Core Surveillance
of the Emerging Infections Program Network''!



B Prelicensure ' W Postlicensure ' ™ Postlicensure” M Postlicensure© M Postlicensure ’
" {(1998-1999) (1999-2000) {2000-2001) (2001-2002) (2002-2003)
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Bacteremia (%)

30 -
20 -

Relative Incidence of S. pneumoniae

Years

Relative Incidence of S. pneumoniae Bacteremia: Prelicensure of
PREVENAR vs. Postlicensure®
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P=0.03 (95% CI:5.2-38.1)

Reported incidence of first x-ray confirmed pneumonia episodes

among children <2 years of age®




Vaccine Tnialist Group. A role for
phneumoniae n virus-associated pneumonia.
Madh1 SA, Klugman KP, Nat Med. 2004;10:811-3

Streptococcus
pne

PncCV greatly reduced the incidence of pneumonia in
children when a virus was 1solated. This effect was more
pronounced when influenza A was 1solated; protective
eflicacy was 41% (95% conlidence interval 13%60%).

The study provided indirect evidence of the frequency of
pneumococcal superinfection of viral pneumonias in
children 1n this setting.

If similar results could be achieved through vaccination
before an mﬂutma pandcmlt th(, bcmﬁt% ()f prwmtmg




PncCV in children and 23-valent PPV in
adults st Streptococcus pneumomae
pandenuc mﬂuenza str ;ltegy |

Bacterial Pneumonia and Pandemic
Influenza Planning

Emerging Infectious Disease
Volume 14, Number 8—August 2008




Use of Pneumococcal Vaccines for Influenza Pandemic Preparedness

U.S. recommendations for use of pneumococcal vaccines

| Pneumococcal polysaccharide vaccine

Pneumococcal conjugate vaccine

& Universal

vaccination IPErsuns 65 years and older

Children <2 years of age

| IMedical
Indications

iPersons 2-64 years with

i(Children 24-59 months with

= chronic cardiovascular disease {(congestive heart
failure and cardiomyopathies)

= chronic pulmonary disease including chronic

obstructive pulmonary disease and emphysema but

excluding asthma

diabetes mellitus

alcoholism

chronic liver disease, including cirrhosis

cerebrospinal fluid leaks

functional or anatomic asplenia including sickle cell

disease and splenectomy

living situations in special environments or social

situations including Alaska Matives and certain

American Indian populations

« immuno-compromised conditions including HIY
infection, leukemia, lymphoma, Hodgkin® s diseasa,
multiple myeloma, generalized malignancy, chronic
renal failura, nephrotic syndrome; or those
receiving immunosuppressive chemotherapy
(including corticosteroids); and those who have
received an organ or bone marrow transplant

= chronic cardiac disease, particularly
cyanotic congenital heart disease and
cardiac failure

e chronic pulmonary disease, excluding
asthma unless an high dose
corticosteroid therapy

= diabetes mellitus

= cerebrospinal fluid leaks

» sickle cell disease and other
hemoglobinopathies

= congenital or acquired asplenia or splenic
dysfunction

= renal failure and nephrotic syndrome

s immunocompromising conditions,
including HIV; congenital B- (humoral) or
T-lymphocyte immunodeficiencies;
complement {cl, c2, c3, and c4)
deficiencies; phagocytic disorders,
excluding chronic granulomatous disease

s diseases associated with immuno-
suppressive therapy or radiation therapy,
including malignant neoplasms;
leukemias, lymphomas, Hodgkin® s
disease, or solid organ transplantation

onsider use
f vaccine

All children 24-59 months with priority given
to children aged 24-35 months, children of
Alaska Native or American Indian descent,
children of African-American descent, and
children who attend day care centers

! pneumococcal disease during a pandemic

vaccinated before a pandemic occurs may be the best way to prevent
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L.a Gloria clinical attack
rates by age and gender

Age Group

Male (%)

Female(%o)

Total(%)

<]

012

3.
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1-4

66.2

66.1

5-14

49.7

66.3

15-24

256

28.2

22.8

39.4

18.4

42.7

17.5




equirement for
on 1S HUGE

Vaccine Unit price

Pneumovax 23 vaccine $105.7

7 polyvalent conjugate $534.8
vaccine

Haemophilus influenza $137
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What 1s the potential side effect of
pneumococcal vaccination after 10




Impact of Conjugate Vaccine on
Pneumococcal Epidemiology
summary

Large decline in invasive disease rates
in young children

Reduction in Nasal Carriage
ﬁ

Herd benefit in unvaccinated children
and adults

Indirect benefit in older children and
adults

Fewer antibiotic resistant infections



Prevalence of Staphylococcus aureus nasal

R colonization. by age and sex
~2W = National Health and Nutrition Examination Survey. 2001-2002.

Nasal Carriage of
MRSA in Nashville

9.2%

1

In the 2001 study. the researchers demonstrated
that the nasal carriage rate of MRSA in children
in Nashville was 0.8%. The follow-up study
conducted three years tater found that the
pediatric carriage rate of MRSA in Nashwille to
be 9.2%, a tenfold increase since 2001,




Changing Epidemiology of MRSA /
Crum et al. Am. J. Med 2006

500 B Total MRSA
(| Community-acquired MRSA
500 I Nosocomial MRSA -

Number of MRSA Positive Isolates

1690 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004




A controversial, hypothesis to explain the increase in
CA-MRSA 1s the decreased nasal colonization by
competing Streptococcus pneumoniae due to the
pneumococcal Prevnar™ vaccine.

The rate of nasopharyngeal colonization by S. aureus
1s 1nversely proportional to that of pneumococcal
serotypes targeted by the vaccine, suggesting a
competitive interaction in the nasopharynx whereby
elimination of one pathogen opens a niche for others.

Bogaert D, van Belkum A, Sluijjter M, et al. Colonisation by
Streptococcus pneumoniae and Staphylococcus aureus 1n healthy
children. Lancet 2004:363:1871-1872.




Influenza-Associated Mortality
(deaths per 100,000 children)

. Influenza-Associated Mortality Rates

According to Age Group — Umted
ates, 2003—-2004 Season

46% are staphylococcus
=>50% MRSA

I I 1 I 1 ] I I
hmo b=llmo lIyr 2y 3y Ay S<10yr Ll-17yr
Age Group

Bacterial Coinfections in 24 Children with Fatal
Influenza — United States, 2003-2004 Season.*

Bacterial Agent No. of Children

Staphylococcus aureus 11
Methicillin-resistant
Methicillin-susceptible
Unknown sensitivity

Staphylococcus, species not specified

b

1

4

1

Streptococcus pneumoniaet 2
Group A streptococcus 3
Bordetella pertussis; 1
Haemophilus influenzae 4
Nontypeable 2
Type a 1
Typeb 1
Pseudomonas aeruginosa 1
Enterococcus faecalis 1

Neisseria meningitidis 1

Mycoplasma pneumoniae 1
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Increase of Staphylococcus aureus co-infection”

® From 2004, there was an increase in the
proportion of children with influenza and
bacterial co-infection. with S. aureus 2004-2005:
1/47 deaths (2%) were associated with S. aureus
co-infection

2005-2006: 3/46 deaths (6%) were associated with .S.
aureus co-infection

2006-2007: 22/73 deaths (30%) were associated with .S.
aureus co-infection

Of all 26 §. aureus co-infections identified
15/26 methicillin-resistant S. aureus (MRSA) (58%)
6/26 MSSA
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Increase of Staphylococcus aureus co-infection”

@ Death was often rapidly fatal, with almost
half of children dying 3 to 4 days after
onset of symptoms

@ Almost half of the children died at home
or in the emergency department

@ Many deaths occurred in children without a
health condition or age-based
recommendation for vaccination at the time




Staphylococcus aureus

Acquusition of a carrying the
SIVARNE which hydrolyses and
destroys Penicillin G.
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Penicillin G introduced
in the 1940s.

L

X

X

T
S

Pt -“
A
¥ “; LAY

BN PO
,‘! Cx

Methicillin (1959) Sensitive Staphylococcus aureus
' outbreak of :

(Phage

Introduction of cloxacillin in . gk .

19603 Type 80/81) in 1954- 1957 causing a high
frequency of skin and soft tissue mfections, sepsis
and pnewmnonia in

Methicillin Resistance Staphylococcus aureus

(1961 LLE 1968 ULS.A) -
1993 Ahorigines of

Acquisition of _
‘Westerry Australia
USA 1997
that Europe 1999

sncodes a HEB AR 2004

(role in bacterial cell wall

synthesis) with poor affinity for HA-MRSA CA-MRSA

_a]l bEtf’l—la‘:tm _aI_ltl_bIDtlt:S . (3(]9/?: MRSA Genes carrying a virulent factor called
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Occupational Risk Pyramid for
Pandemic Influenza

@ Very High Exposure Risk:
Healthcare employees (for
example, doctors, nurses,
paramedics, or dentists)
performing aerosol-
generating procedures on
known or suspected pandemic
patients (for example, cough
mmduction procedures, tracheal
intubations, bronchoscopies,
some dental procedures, or
invasive specimen collection).

Healthcare or laboratory

personnel collecting

respiratory fract specunens

from known or suspected
Lower Risk (Caution) pandemic patients.




Influenza A
? Role of N-acetylcysteine
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Protective effect of n-acetylcysteine ina

model of influenza infection in mice.

naheri b, Pisani C, Sanson &, i Se as5l iz, Delgada B, Siront M,
heri B, Pisani €, S G i A..Schi | &, Delgado R, Sironi M
Ghezzi P Int T Immungpathal Pharmacol. 2000 Sep;13(31:123-128.]

* Reactive oxygen intermediates (ROI) and cytokines,
particularly tumor necrosis factor (TNF) have been
implicated in the pathogenesis of influenza. Using a murine
model of influenza, the levels of THF, interleukin & (IL-6)

and of superoxide-generating xanthine oxidase (X0} is

monitored.
¢ Mice infected intranasally with influenza virus APR/8 had
high levels of XO, TNF and IL-6 in the broncealveslar lavage.

as early as 3 d after infection. XO was elevated also in
serum and lung tissue.

4 Administration of the antioxidant N-acetvlevsteine (NAC 1
g/kg per day, orally) significantly decreased the mortality in
infected mice, indicating a role 'E:rr' RO1in the lethality
associated with influenza infection.



Attenuation of influenza-like

symptomatolody and improvement of

cell-mediated immunity with long-term

N-acetylcysteine treatment

o,k - N a
1 - a1
H _ﬂ

S. De Flora, C. Grassi, L. Caratl
Eur Respir J 1997; 10: 1535-1541



Recruitment and Protocol

# A total of 262 subjects of both sexes (78% >=65
yrs. and 62% suffering from non-respiratory
chronic degenerative diseases) were enrolled in a
randomized. double blind trial involving 20 ltalian
Centers.

% They were randomized to receive either placebo
or NAC tablets (600 mg) twice daily for 6 months.

% Patients suffering from chronic respiratory
diseases were not eligible, to avoid possible
confounding by an effect of NAC on respiratory
symptoms.



Result

¥ NAC treatment was well tolerated and resulted in a :
significant decrease in the frequency of influenza-like
episodes, severity, and length of time confined to bed.

- ¥ Both local and systemic symptoms were sharply and
significantly reduced in the NAC group. Frequency of
seroconversion towards A/H1N1 Singapore 6/86 influenza
virus was similar in the two groups, but only 25% of virus-
infected subjects under NAC treatment developed a
symptomatic form, versus 79% in the placebo group.

4 Evaluation of cell-mediated |mmun|ty showed a progressive,
significant shift from anergy to normoergy following NAC

treatment.



Table 2. — Compliance with treatmant. adverse affects,
and frequancy of iINfluasnza-ike apiaodaes as relatad 1o

treatmants

Treatment
Varnable Placcho MNAC
Comphance with treatment™ n 120 {(93) 125 (“3)
Adverse cvents n
Total T (5) 12 (9)
Dvsura 0 2 (2Z)
pigastralgzin 3 (2) 4 (3)
Nousca/vomiting 1 (1) 1 (1)
C ot paal ion 0 1 (1)
Duwrhoca 3 (2) 2 (2)
Flushing 0 2 (2)
Noncvaluable palbcnis n
Adverse events belore Nirst control 1 (1) 101}
lLost o follow-up 6 (3) B (5)
Paticni= evaluable for eflicacy n 122 {(95) 126 (95)
[Durannon of treatment days 167234 1 6t 35
(32-199) (33-206)
Treatment =5 months n 116 (90) 10X (K1)
InMuenra-ike symplomalic cases n
Tolal cascs 62 (51) 37 (29!
Patienis suffering from | episode Ah (30) 24 (19)
Paticnits ﬁuth,.‘rinE from 23 episodes 1% (15) 11 (9)
Patients suffermg from =4 ¢psodes 2 (7) 2 (2)

[Data are presenlod as mean=sy and range 1n parenthesis, or
as abzolute value and percentage In parnihesis. *: dmug or
lncebo intake =80%. NAC: N-acetyleystcine. *: signilicam-
v lower than m the placebo group (p=0.0NY ), asx asscsscd by
Chi-sguared mnaly=as.



Frequency of influenza-like episodes %

1 2 3 4 5 b
e Time months
7 Fig. 1. Elfect of N-acayleysteine (NAC) treatment on the fre-

quency of influenza-like episades during the 6 months of reatment

3 : placebo; B33 NAC. *: p<0.05; **, p<Q0l], significance of

: difference between the frequency of episades cocumng in the NAC
AT group and in the placebo group, as assessed by Chi-squared analysis.
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Fig. 2. EfTect of N-acetvicovstieme (NAC) meatment on the cumns-
lative oocurmrence of mdividual infloenza-lLike signs amd =y oS
thronghout the domtion ol the stody., 3 @ placeba; B @ NAC.
o p<=0.05; *: p<0.O00], signilicance of difference between the fre-
gquency of syvmptoms=s in the NAC group and the placebo group, as
assgssad by Chi-squared analvsis. Note that the data repornad in thas
Nneure al=o inclade 1solated signs and/or syimploms whereas, as mdi-
catad i "Materals and methods™, episodes are assessod basad on the
prsence of al least o signs and/or symploms.



Lk

A3

Frequency %
&

h\-""l-.\m‘\n‘h‘hfh"h\"h:\q“h"uh\-"‘-‘i\ﬁbq\:h‘"\q‘
R ) -

g

9

%

b oo
9%
g%
%%
%
b
3
4
r'_,:

MMM

— T T R RN

L J AU
] R

&
Time months
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of the study (time O *: p<00S, significance of difference in the fre-
quency of anergy between the NAC group and the placebo group, as
assessad by Chi-squarad analysis
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"~ Table 3. - Distribution of subjects as related to saro-
| convarsion towards A/H{N, Singapore 686 influenza virus
~ and to the presance or absence of symptomatology

thm Treatment
- | Subgcls Placebo NAC
; n % n %
= ~ Seroconversion 20122 (24)  3%/126 (29)

Symplomatic cpisodes 2329 (79)
- No symptomatic episodes 629 (2])
' No seroconversion 03/122 (76)
 Symptomatic episodes 3903 (42)
No symptomatic episades 3403 (38)

V3% (25
2I[36 (D)p
W/126 (71)
2800 (31)
6290 (69)

© NAC: N-aeetyleysteine, *: sigmficantly different from the pla-
~ ceho group (p<0.0001), as assessed by Chi-squared analysis.,



Conclusion

¥ Administration of N-acetylcysteine.during the.
winter, thus, appears to provide a significant
attenuation of influenza and influenza-like

episodes, especially in elderly high-risk
individuals.

¥ N-acetylcysteine did not prevent AIH1 N1 virus
-~ Influenza infection but significantly reduced the
incidence of clinically apparent disease.

¥ There is progressive improvement in cell-
mediated immunity (significant shift from anergy
to normoergy) following NAC treatment.



Nuclear factor-kappa B

Role in cytokine storm

Role in Influenza Infection
Inhibition by NAC



NF- £ B is known to induce the transcription of several genes
~coding for the mtlammatory cytokines TNF-alpha, I1L-1beta.
IL-6, and TL-8. On the other hand, NF- x B has been shown to

_ be activated in response to mediators implicated in the

inflammatory response, mcludmU LPS. TNF-¢a., and IL 18,

and o\ulatwe stress

| -
TNF-[alpha]-induced activation of NF- x B
activity was suppressed by N-acetylcystiene.

N-acety lm stemne along with vitamin E

suppr essed NF- K B activ atmn by oxldant
stl BSE.



NK-kB’s Role in cytokine storm

Free radicals and oxidants

Cytokines i :
O erie (N-acetylcysteine)
Vil;us
NSAIDs ll— Anti-oxidants
Natural compounds :

Glucocorticoids

Apoptotic
modulators
Proteasome Cytokines Cell gl:nw.th.
Adhesion molecules Cell proliferation
Other inflammatury mediators Cell differentiation
Leukocyte trafficking and activation _ = Jv
TS Microbial killing
Immunity




Active NF -kappaB signalling
is a prerequisite for
influenza virus infection.

[r\limmerjahn F. Dudziak D. Dirmeier U. Hobom 6. Riedel A. Schlee M. Staudt LM. Rosenwald A. Behrends
U. Bornkamm 6W. Mautner J. Journal of General Virology. 85(Pt 8):2347-56, 2004 Aug.]

..-"—'_"'-‘

Cells with low NF- B activity were resistant to
influenza virus infection, but became susceptible
upon activation of NF- B. In addition, blocking of
NF- B activation severely impaired influenza virus
infection of otherwise highly susceptible cells



Oxidants are involved in influenza virus-induced
activation of NF-kappa B, in the expression of IL-8 and
MnSOD, and in virus-induced cell death. Pretreatment
of AB549 cells with N-acetyl-L-cysteine attenuated
virus-induced NF-kappa B activation and interleukin
(IL)-8 mRNA induction but did not block induction of
MnSOD mRNA.

Role of oxidants in influenza virus-
induced gene expression.

Knobil K, Choi AM, Weigand GW,
Jacoby DB Am J Physuol 1998
Jan;274(1 Pt 1):L134-42.



Influenza virus infection activates NF-kB leading to
- 1L-8 expression and antioxidants mnhibit intfluenza
virus infection-induced NF-kB activation

[Kujume K. Hashimoto S. Gon Y. Slinuzu K. Horie T. p38 nutogen-activated protein kinase and c-
jun-NH2-tetminal kinase regulate RANTES production by influenza virts-infected human
br 011::111:—11 epithelial cells. Journal ofﬁmmmof@ﬁ 164(6):3222-8, 2000 Mar 15.]

NAC did not attect influenza virus infection-induced
increases 1 p38 MAP kinase and INK phosphorylation,
whereas NAC attenuated RANTES production by 18.2%.
Collectively. these results indicated that ROS generated by
influenza virus mfection might act as a second messenger.
leading to the mduction of RANTES production via p38
MAP kinase--and INK-independent pathway:.



Immune Response to
Influenza infection

Role of N-acetylcysteine on T
cell function



B & T cell response to Influenza Virus

# Host immune response to influenza virus

= B cell produce antibodies to the hemagglutinin and
neuraminidase glycoproteins |
r Hamugqlu‘rinin-specific antibodies prevent virus penetration of the.
host cells - - - -

» Neuraminidase-specific antibodies prevent spread of infectious
viruses from cell'to cell.

= T cell immune response to internal or membrane proteins. -

* Influenzavirus-specific T cells participate both in the early
inflammatory reaction and in the recovery from viral infection.

» Protective antihemagglutinin antibodies production-requires the
presence of T cells ' '

# In humans; the level of influenza-specific Cytotoxic T
lymphocytes correlates with the rate of viral clearance but not
with susceptibility to infection or subsequent illness ®*major role
in_enhancing recovery from recent infection.



Role of N-acetylcysteine in
Influenza Infection

..-"—'_"'-‘

Reduce cytokine storm =
decrease symptomatology

Enhance T cell response to
influenza infection = more
rapid recovery



- ? Prophylactic role for frontline
staffs before vaccination is
“available

The potential workforce that can be
preserved would be huge.

The estimated number of staff
falling sick due to influenza virus

infection would drop 68%
Calculation basing on formula79% = 25% = (79-25)/79 = 68.35%



Price of 200mg acetylcysteine = $0.3166
Daily dose 600mg b.d = $1.8996/staff/day
( Market price = $12-14/staf f/day

Azzumming HA has DO,000 staffs
Budget Required Per Maonth

Staff Treated HAFPrice Market Price
Hs 285,000 $ 1,950,000

2 0% L570,000 P3P0 000
0% $ 855,000 5 850 000
40% 41,140,000 b7, 800 000
50% $1,425,000 P9, 7R0.000
0% £1.710,000 $ 11,700,000
7 $.1,995,000 $ 13,050,000
B0% t2,.280,000 b 15,600,000
0% 2,565,000 17,550,000
1005, 2,850,000 19,500 000
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staff would' opt for cetylytine

~= p—




This drug has a long history
of safety profile and can be
taken on prolonged period

Fip— >N

This treatment need the
financial commitment of
the HKSAR government

< $2/staff/day



Reduction in fever duration
(median time to become afebrile)

TAMIFLU (n=301)

Placebo (n=309)

26.6 hours
(38%)




Dr. Lai1 Kang Yiu
Intensive Care Unit
Queen Ehzabeth Hospital
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N-acetylcysteine synergizes with oseltamivir in
protecting mice from lethal influenzainfection.

Garnzzo A, Tempera &, Lingheri D, Timpanaro B, Castro A,
International Journal of Tmmunopathology & Pharmacology, 20(2):3492-84, 2007 Apr-Jun, ]

- 8

MNAC was Eiven as a single daily dose of 1000 mg/kg starting
from 4 h before infection and until day 4 after intection:

W was given twice daily at dose of 1 mg/kg/die for

ays, starting from 4 h before infection.
21-days survival.

» NAC alone 20%

= Qseltamivir alone 60%
= Qseltamivic and NAC in combination 100%

Since NAC alone does not show any antiviral action, the
present findings suggest that antioxidant therapy increase
survival by an improvement in host defense mechanisms,
and/or by a direct antioxidant effect against oxidative
stress associated with viral infection.



(

Synergistic combination of N-acetvlcvsieine and ribavirin to

protect from lethal influenza viral infection.in a mouse model.

[Ehezzi P Lnaherl O, International Journal of Immunopathology & Pharmacology,
1701 :99-102, 2004 Jan-Apr.]

Mice (12 per group) infected intranasally with a lethal dose
of ihf&uenl::?u guir‘ﬂs APR /8. NAC was given as a single daily

dose of 1000 mg/kg starting from 4 h after infection and
until day 4 after intection, in association with ribayirin (100

mg/kg, i.p.).
14-day survival

® No Rx 17%
r NAC alone 25%

= Ribavirin 58%
= Ribayirin + NAC 92%

This suggest that antioxidant therapy can increase survival

by either improving the defenses against virus or by
protecting from the pathogenesis of lung infleammation.



6 Extremes of Age

Always bears the 19
burden of disease
in Influenza
outbreak
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St How can we reduce this mortality in the absence of influenza vaccine ?
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200.0 4 Problems Facing China in 2009
HINI1 Pandemic

(1) One child policy

(2) High attack rate among children

(3) Most children has no
Haemophilus Influenza and
Pneumococcal Vaccination

(4) Low insurance coverage in a

commercial orientated,

decentralized and fragmented
health system.
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Summary I

The 2009 HIN1 Human Swine Influenza has a high
attack rate among children.

The mortality rate would increase 10x in the present
of bacterial co-infection.

30-80% of the co-infection are related to
pneumococcus and Haemophilus influenza which are
vaccine preventable.

The government should prevent such complication
by vaccination by immunization program

Age Group

Male (%)

Female(%6)

Total(%o)

== |

9122

7137

i
L)

>

<« L3
- n
O

66.2

66.1

49.7

66.3




Many of our frontline staffs who are working mothers
and fathers have increased nasal colonization with

PNncuImococcus

Elderly (age >65) has mncreased cardiovascular and
pneumonic mortality related to pneumococcal co-

infection during influenza period.

Hong Kong pneumococcal population has high rate of
penicillin resistance.

The government should prepare the above
at risk population against pneumococcal co-
infection by vaceination before pandemic.
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Summary III

@ Acetylcysteine 600mg b.d. has been shown
to reduce symptomatic influenza from 78%
to 25% 1n elderly population.

@ Beflore vaccine are available, acetylcysteine
prophylaxis 1s an attractive option in
maintaming the existing workforce during an
pandemic outbreak.




Summary IV

@ Animal experiment has shown that
acetylcysteine and Tamiflu have synergistic
action 1n improving survival of mice against
lethal influenza infection.

Incorporation of acetylcysteine into the
Tamiflu treatment regime of human swine
influenza infection should be considered.




Vernon Cooper:
These days people seek knowledge, not wisdom.
Knowledge is of the past, wisdom is of the

future.







