Novel HIN1 2009 HSI Pandemic
Implication to Children of China
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Influenza Encephalopathy
Potential Role of High Dose
N-Acetylcysteine Anti-oxidant Therapy

Would Epideric Encephalitis Lethargica
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Spectrum of CNS Complication of
Influenza Virus Infection

Encephalitis lethargica
Reye’s syndrome
Acute necrotizing encephalopathy (ANE)

Influenza encephalopathy and encephalitis

Sudden onset of high fever, early development of
unconsciousness, recurrent convulsions and death
within 2 or 3 days.



Study by Newland et al. Disease burden y in Hong Kong

to U.S.Aand
Hong Kong
182
72
8.5%) (20%)

Neurologic Neurologic
complications N= 72 complications N= 182
Seizure 56 Encephalopathy 5

Febrile selzure 27 Encephalitis 1

Seizure with fover 8 Aseplic meningitis 1

Other seizure 21 Febrile seizure 165
Encephaiopathy 8 Other seizures 8
Post-infectious encephalopathy 2 Myositis 2
Other 6

Stroke saecondary 1o hypolension 4

Asepbc meningilis 2

) fiis 4-year retrospective cohort in USA 2000-2004: S-year retrospective cohort in Hong Kong 1998-2003:

- “no mortality, 1 with neuologic sequelae

2 mortality, 1 with neuologic sequelae
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Detail of pathogen in acute encephalitis cases, Influenza virus B
2004-2007, Japan Influenza virus A | Influenza virus A+B
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Predictive value of serum interleukin-6 level in
Influenza virus—associated encephalopathy

[Hideo Aiba, MD, Mika Mochizuki, MD, Mitsuaki Kimura, MD and Hiroatsu Hojo, MD Neurology 2001;57:295-299]

@ Theserum IL-6 levels were >6,000 pg/mL In
children with brain stem dysfunction, about
150 pg/mL in children without brain stem
dysfunction, and <80 pg/mL in controls.

@ The time course of the serum IL-6 level also
reflected the clinical condition. Once the
serum IL-6 level was increased to >15,000
pg/mL, none of the children survived. The

Iower the maX|maI serum IL-6 level, the




Blocked by NAC Hypothesis

e Increases blood—brain vascular
permeability, injures vascular

: endothelial cells, and induces
Interleukin 6 necrosis / apoptosis of myelin and
oligodendrocytes.

Encephalopathy Apoptosis

Cytochrome c
CRP TLDH

Fibrinogen
FVIII.C
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Influenza Infection

In mice

Mitochondrial —
beta-oxidation defect

TMini-plasmin
In brain capillaries

Cleavage of HAO Disrupt
To HAl1 and HA2 blood brain barrier

Direct viral invasion Capillary leakage

“Vascular i mvasmn of the murine brain by a pneumotroplc mfluenzaA

=1 V|rus‘.|mp1icatr0ns fofinfluenza-associated encgphalopathye: = g
= Yaoﬁ ChsrﬁYrKuwaﬁmaM Sﬁ‘otaM Kido H. Biological Chemlstry 385(6) 487 92T2004 Jun X 3




H1N1 2009
HSI
Encephalitis

Cytokine control

High dose NAC

Anti-oxidant

Maintenance
Therapy until
Recovery

Viral control

Tamiflu Till
RT-PCR -ve

(a)
(b)

<4 day prophylaxis

CRP/CXR
? Fibrinogen
? CK/LDH

Convalescent
= Immunoglobulin

Pregnancy
Immunocompromised

GCS +/- EEG
CT/MRI

> 4 days treatment

High dose IVIG for
Persistent
lymphopenia



Encephalitis
|_ethargica

? Influenza H1IN1 1918
Streptococcus Wasp sting, S.L.E.

65% elevated ASOT Herpes zoster

H5N1 infection in mice
Pulse steroid causes severe loss of

Plasmapheresis Anti-Basal Ganglia Ab sttt

IVIG — (95% +ve Vs 2-4% in control) R KindEeSIECIe
Azathioprine autoimmune response

E Ez/litoc_:h(:ndl‘ial Basal ganglia [ii/reclt
B3| Respiratory : . ira
2| Chain Defect and mid-brain Invasion
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Encephalitis Lethargica
First Report 1917 in central Europe.

Epidemic in the winter of 1918/1919
Spread to Russia and North America

In epidemic form in winter seasons
Spread to rest of world (1918- 1927)

65000 reported case with mortality
30% in the acute stage and during relapse

50% survivors had persistent or recurrent

neuro-psychiatric illness/Parkinsonism

Recurrent or chronic illness with downhill course
Prone to sudden death
60/300 young. patient healthy after 2 years

erp enomenon? Time to re-examine theproblem
I\/Iﬁr;tme;tPP Epldemlology & Infectlon 137(4) 449—55 2909 Apr
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Temporal Relationship of 1918 Influenza
Encephalitis lethargica, Parkinsonism

Successful quarantining of American Samoa from
influenza 1n 1919 spared those islands from
Encephalitis lethargica in subsequent years.

Epidemic influenza years in Seattle after 1919 were
followed by peaks of cases of encephalitis lethargica

— - - —— -

* 19]_8 ln }uenza encephalltls lethargica, Parklnsonlsrr
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Encephalitis Lethargica
(55% has preceding pharyngitis)

Sleep disorders
lomnolence, Sleep inversion, Insomnia

Extrapyramidal symptoms
(Parkinsonism, dyskinesias)

Neuropsychiatric Diorders

Catatonia, obsessivercompulsive disorder and mutism
apathy and conduct disorders

Oculogyric crisis

Ocular palsy and ptosis

Central cardiorespiratory

Features (e.g. hiccup)

LP: Lymphocyrosis, elevated proteins,
Intrathecal oligoclonal band
Human anti-basal ganglia neuronal Ab

MRI: 60% normal and 40%
deep grey matter inflammation
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Novel H1N1 2009 Pandemic
Human Swine Influenza
Implication to Children of China

Dr. Lal Kang Yiu




Deaths per 1,000 persons
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The second
wave was
Death rates in highly fatal
most locales were
not appreciably
above normal

NSI1 gene

mtroduced atter
reassortiment
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1918

1019 11116

1918 NS1 gene was able to
downregulate expression of
several genes mvolved m the IFN
signaling pathway and 1s
species-specific.
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Avian H1N1 reservoir

Avian [

Swine
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Seasonal H1N1 influenza
? ﬁ
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; 7%..; _ Sporadic cases of Post-encephalitis Parkinsonism and Post encephalitis
Ietharglca have been reported recently after HIN1 was reintroduced in 1977

.,- although no viral etlology has been documented. (Rall etal., 1981, Clough etal.,
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In Nov. 1977, the Soviet Union reported to W.H.O. the
occurrence of widespread outbreaks of influenza due to
viruses antigenically related to the H1N1 viruses that has
circulated in the human population during the period 1947-
1956.

By late Dec 1977, the Soviet Union reported
that A/JUSSR/77(H1N1) virus has caused
disease In nearly 2/3 of the cities and has

% Summ ry fC}k;’ncalTﬂaIs oflnactlvatedInfluenngaccme 19?8 e
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Since the spring of 1977, two subtypes of influenza
A virus (H3N2 and H1IN1) have been seasonally
Infecting the human population.

Data from 1995 to 2008 has shown that the
symptomatic flu due to HIN1 is distributed mainly in a
younger population relative to H3N2. (The median age
of the H3N2 patients is 23 years while HLN1 patients

are 9 years old.) These distinct characteristic spectra of
age groups may |nd|cate partial protectlon possibly
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Gene Segments, Hosts,
and Years of Introduction

~1998

» ? Account for
partial protection
for those born
before

Eura.sian 2009 A(H1N1)
Swine




Gene Segments, Hosts,

| » ? Account for
and Years of Introduction

partial protection
for those born
before 195

Triple |

. Reassortant

Classical
Swine

~1998

EUfa.Sian 2009 A(H1N1)
Swine Predispose to

Antigenic and Genetic Characteristics of
Swine-Origin 2000 A(H1N1) Influenza
Viruses Circulating in Hunnans MAy 22,
2000 SCIENCE

£ » Suppression of innate immune response
g leading to initial rapid proliferation of
influenza virus and severe mucosal damage

bacterial co-infection




Mexican Flu, Swine Flu, H1N1
Pandemic Pandemonium Origin

La Gloria

N N[ @ It 1s believed that a five
T year old boy in La
Gloria, Mexico was the
very first person that
tested positive for the
Mexican Flu.

| | @ The outbreak may
rastarted as carly as
15/2/2009

WHO- d 7." od pande |caer rom
phaseﬁ to..phase 6 on 11/6/2()09""— e |




La Gloria clinical attack rates by

age and gender

Age Group Male (%) | Female(%) | Total(%)
| 91.2 3.7 83.9
1-4 W 66.1 581

66.3

High Clinical Attack Rate Among Children
especially those < 1 year of age
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s 1918 Influenza U.S.A.
B ? % 6
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l 2006-2007 [ 2007-2008 |[H 2009

Percentage Distribution of Deaths from Severe Pneumomnia
during the 2009 Study Period, as Compared with Influenza
351 Seasons from 2006 through 2008, in Mexico, According to
304 Age Group.

Percentage Distribution of Deaths

March 24 to April 29, 2009, a total of 2155 cases of severe pneumonia, involving 821 hospitalizations and 100 deaths

—

d PhiD., Stefino M. Bertozzi, NEJVEJune 29-2009 -



Implication to Hong Kong & China

L | Age | Mexico | U.S.A.

China

13 <15 [N 20.6%

U.S.A. | HKSAR
(1918)
32% 13.8%

12.5%

4.68%

12.8%

6.3

111.2

Biwe. This may partially explained why Mexico is more affected than U.S.A.
&‘ apart from |mmun|zat|on program. This has strong |mpI|cat|on to Chlna.




H  Haemophilus Influenza B E Pneumococcus
Immunization program Immunization program

_a Gloria clinical attack rates

Age Group | Attack Rate | U.S.A. | Mexico |China
&K 83.9 |HEHN:
- (14 58.1 |HEH N
= 514 57.7 |HEMH

15-24 27.0

25-44 31.6

45-64 29.6

b '- -,.1 meu}mzatlon Status o] UMY A Mexu:e and Chma
AL mpr | S
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» Proportion of pediatric pneumococcal disease prevented by PCV

& + There are 90 » Different serotypes
G serotypes of the of pneumococcus
e, I PNeuMOoCcoccus have different global
i each of which has distributions. The 7-
i D5 41 a different valent PCV7 vaccine
i polysaccharide IS in wide use around
PCV 13 the world in

capsule. Even
though there are a developed countries
total of 90 o because this vaccine
& 1 contains seven of the
most common
disease causing
serotypes (4, 6B, 9V,

serotypes, 88% of &
global disease is
caused by 23

serotypes, and

only 11 serotypes - 14, 18C, 19F, 23F) in
account for s the U.S., Canada,
greater than 80% - W Australia, and

of disease in i Europe

children under /4 \
five. _;:,,;5



l€ . 1 Influanza and Pneumonia Mortality Rates

* Faeeences wital Statiethe o otie Unked Sietas 1337,
TEIZ, 1993 1540, 1999, 1360, 19037, 1975, 1987, 198,
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£ Flu Vaccine Coverage
a 1900 — 1950 = 1980 1988 2000

90% decline In
3001 death rate in the
absence of
vaccination

66%0

20%  33%
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1 Mortality HIN1

0.406%

Australia
(Projected)

On theprOJected mortallty of 30-40% for ARDS patlent the estimated mortality rate
_ ,|s 0; 532%r, 20.543 %Wthh Is very similar to that of the UnltedStates and the ‘world
~ figure: i-,',.‘- T S0 At : T I :
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Implication To Children in China (I)

@ China and Mexico has similar maternal and neonatal
ey mortality. What happened in Mexico would be repeated in
N e China in the absence of mitigation and influenza
o vaccination.

' @ When there is bacterial co-infection, the mortality rate if
children would increase ten times. 30 to 60% of co-
Infection is due to pneumococcus and Haemophilus
Influenza. Unlike Mexico, children in China has no
Haemophilus influenza b and pneumococcal vaccination.
Therefore Chlna would be expected to have hlghe|[j i
CO.. T ould be




Implication To Children in China (1)

e However, the current pneumococcal vaccine PCV7
is not suitable for China because it can only cover
38% of the circulating pneumococcal strains in
China.

e Because of the expected high attack rate among
children in China, China should also prepare for two
potential complications

Influenza encephalopathy/encephalitis
Encephalitis lethargica
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Influenza Encephalopathy

Potential Role of High Dose
N-Acetylcysteine Anti-oxidant Therapy
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The Japanese Experience with Vaccinating Schoolchildren against Influenza N Engl J Med 344:889, March 22, 2001

1957 Asian Program to Influenza Parents The Program

- Influenza vaccinate vaccination allow to government terminated
Epidemic children mandatory refuse lost the case in 1994
claimed begins in 1977 vaccination in the court

8,000 lives 1962 1987 1992



Increasing Incidence of Influenza-encephalopathy
reported In Japan after termination of mandatory

@ 100 cases of fatal influenza encephalopathy
In Japan reported annually over past 4 years,
most following A/H3N2/Hong Kong:

Associated with early sudden onset of high fever,

early severe seizures, rapidly progressive coma,
death within 2-3 days

Acute necrotizing encephalopathy in >90%

- >25% of patients with bilateral thalamic

. InTluenza-associatec encephalopat y In Japan
Sugayp N Sem |n Pediatr InfectDls 20@2 13(2) 79 84
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Spectrum of CNS Complication of
Influenza Virus Infection

Encephalitis lethargica
Reye’s syndrome
Acute necrotizing encephalopathy (ANE)

Influenza encephalopathy and encephalitis

Sudden onset of high fever, early development of
unconsciousness, recurrent convulsions and death
within 2 or 3 days.



Pathological Finding

Influenza Intense congestion, occasional small

encephalopathy |hemorrhage and extravasation of
plasma-like fluid into the perivascular
space in all CNS regions

Influenza Perivascular mononuclear cell

encephalitis Infiltration + other features of

encephalopathy

\ vith man hiae in the




Influenza-associated Acute
Encephalopathy

e The most serious complication of influenza
Infection.

@ Occur worldwide, but is most prevalent in

East Asia, and every year several hundreds
of Japanese children are affected by
Influenza-associated encephalopathy.

e Mortality has recently declmed “but is still
high. Man OIS are ith motor 3 nd

NN 7



Study by Newland et al. Disease burden  in Hong Kong

to U.S.Aand
Hong Kong
72
8.5%)

Neurologic Neurologic
complications N=T72 complications N= 182
Seizure 56 Encephalopathy 5

Febrile selzure 27 Encephalitis 1

Seizure with fever 8 Aseptic meningitis 1

Other seizure 21 Febrile seizure 165
Encephaiopathy 8 Other seizures 8
Post-infectious encephalopathy 2 Myositis 2
Other 6

Stroke secondary 1o hypolension 4

Asepbc meninglis 2

: f 1o 4-year retrospective cohort in USA 2000-2004: S-year retrospective cohort in Hong Kong 1998-2003:

¢

2, no norgogamy 1 with neuologic sequelae 2 mortality, 1 with neuologic sequelae
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Cytokines and Influenza
Encephalopathy

@ Cytokines are considered to play an important role in the
pathogenesis of influenza encephalopathy. The levels of IL-6,
IL10, TNF-a and soluble TNF receptors 1 (sTNFR1) were
significantly increased in both serum and CSF in influenza
encephalopathy.

@ The IL-6 serum level could be used as a predictive value in the
prognosis of influenza encephalopathy.

@ CSF TNF-o and sTNFRI1 levels are potentially important for
predicting neurological sequelae, however they were not
elevated in several severe cases.




Predictive value of serum interleukin-6 level in
Influenza virus—associated encephalopathy

[Hideo Aiba, MD, Mika Mochizuki, MD, Mitsuaki Kimura, MD and Hiroatsu Hojo, MD Neurology 2001;57:295-299]

@ Theserum IL-6 levels were >6,000 pg/mL In
children with brain stem dysfunction, about
150 pg/mL in children without brain stem
dysfunction, and <80 pg/mL in controls.

@ The time course of the serum IL-6 level also
reflected the clinical condition. Once the
serum IL-6 level was increased to >15,000
pg/mL, none of the children survived. The

Iower the maX|maI serum IL-6 level, the




'{ IT.-6 TNF—C. STNFR1
.. o /il Pg/ml .
2 1,000, 100 o i S
Wi : ; ® N .
r"‘!'-f".‘ -.._ ,‘. ," .
b e :50 20t 6" »
L 100+ ﬁ’B e 2
: e /I fise :‘ -
. 10 ‘o -~ /
O r' » 4-‘ < »
I3 o ." - o \/':.
s S ®r7 - o e L A
@fﬁﬂfﬁk 1 0 ~.’ ‘_' ’ . “- ._c y L v‘.,.
B gk = P rg ;i’ 4 . ...'~.
o ¥, - ye— Tl &litg
R, i, o7 o s Bg}}ﬂ{'ii s
i a © © cseeesa ole >
' . T - —— o o e
o ;_.«'1 1 Y - 1 T T & T —
| SerumCSF Serum(CSFE SerumCSF
5 Serum and cerebrospinal fluid (CSF) concentrations of
| . interleukin-6 (IL-6), tumor necrosis factor-o (TNF-=) and soluble
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Cerebrospinal fluid and serum levels of cytokines and soluble tumor

necrosis factor receptor in influenza virus-associated encephalopathy
T. Ichiyama, H. Isumi, H. Ozawa, T. Matsubara, T. Morishima and S. Furukawa,, Scand J
Infect Dis 35 (2003), pp. 59-61

e The present study revealed elevated cytokine levels not only in serum
but also in CSF of children with influenza virus-associated
encephalopathy.

- @ The children with a poor outcome tended to have highly elevated

y levels of IL-6, TNF- « and sTNFR1 in serum and/or CSF. In
particular, the 4 children with elevated TNF- o and sSTNFR1 levels
g In CSF had neurological sequelae.

e A high level or overexpression of IL-6 may be neurotoxic under
pathological conditions.

© TNF- «a increases blood—brain vascular permeability, injures
vascular endothelial cells, and induces necrosis of myelin and
oligodendrocytes.

Previous studies showed that STNFR is the natural homeostatic
' [ I ather than that
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E\ Statistical analysis of various markers in sera from patients with and without influenza-associated ence phalopathy

" Markers Normal without [E with [E P-value

Cytochrome ¢ < (105 ng/nL 03207(4) 2682 19.5(11) <0001
caem. | TNE.q 0 pe/nil 09237(17) 1Az 171 (3) 0,003

L8 |.2-16.7 pe/niL 7.3z 161 (16) 398 2400.2(8) (.016

% ILb (149 pg/ml. K98 1567(17) NzIBT(6) .33
Sy Sobk T |1-20 ng/ml. 14z08(27) [T4z1958(6) 0.39
3  Soluble Fas -39 ng/niL 14z08(29) 17205(6) 0.3
e Solibk E-selectin 260 ng/nil Th6 43T (4 13.7205() 0.99

et The Mann-whitney (est was used to determune significant differences in each marker between the patients with or without encephalopathy
- (P<003)

**-; - IE, influenza-associated encephalopathy; 1L, interkeukin; Patients, number of patients examined; TNF-o, tumor necrosis factor-z.
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& pathogenesis in influenza-associated encephalopathy
|- 1. N—g'ho"i',-l\?'/.l.l'«é.méi%aao':T..‘I\'/ii_zukafni,'K._A bkgjima, T. Morishima and H. S'akaté@,g‘t-ah:?‘édi‘_ét_r Int 47-(2805);-pp. 175*179.:_‘
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| FaslL (death ligand)
Fas (death receptor)

receptor- .and mitochondrial-mediated cell death.

-3 Actlva't'ion.of tﬂéh-ntrmsm mltochondrlal apoptotlc pathway in swme mﬂuenza-\/lrus mee‘lafed CeII death
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? LDH can serve as a marker of
influenza virus induced apoptotic cell
degradation

Lactate Dehydrogenase Leakage as a Marker for Apoptotic
Cell Degradation Induced by Influenza Virus Infection in
Human Fetal Membrane Cells

Noboru Uchide, Kunio Ohyama, Toshio Bessho, Hiroo Toyoda



Blocked by NAC Hypothesis

e Increases blood—brain vascular
permeability, injures vascular

: endothelial cells, and induces
Interleukin 6 necrosis / apoptosis of myelin and
oligodendrocytes.

Encephalopathy Apoptosis

Cytochrome c
CRP TLDH

Fibrinogen
FVIII.C
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Influenza Encephalopathy
A bitter experience from Japan

Mandatory mass influenza vaccination program in
children was aborted because of neurological
complications

Discontinuation of VVaccination Program results In
more death and disability due to influenza

encephlopathy, encephalitis and acute necrotizing
encephalopathy
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The Japanese Experience with Vaccinating Schoolchildren against Influenza N Engl J Med 344:889, March 22, 2001

1957 Asian Program to Influenza Parents The Program

- Influenza vaccinate vaccination allow to government terminated
Epidemic children mandatory refuse lost the case in 1994
claimed begins in 1977 vaccination in the court

8,000 lives 1962 1987 1992



Influenza Vaccination Program for
School children In Japan

@ A mass study of adverse reactions against the influenza vaccine
was conducted in 1987 involving about 400,000 children.

© The total adverse reaction rate was 254.3 per million. (10 per
| - - million children had complained of neurological symptoms.)
iy @ This study was revealing, since from 1971 the government had
- changed the flu vaccine from a whole body type to a split particle
tg;pe announcing that adverse reactions were almost nothing with

e | the new one. The previous type , used in the 1960s had resulted in
¥ e between 5-9 deaths occurring every year.
! o © In 1987 the government changed the vaccine from compulsory to

S free choice. —

;;;;;;




The Japanese Experience with Vaccinating

Schoolchildren against Influenza
N Engl J Med 344:889, March 22, 2001

@ Vaccinating schoolchildren against influenza
provides protection and reduces mortality
from influenza among older persons.

@ The vaccination of Japanese children
prevented about 37,000 to 49,000 deaths per
# year, or about 1 death for every 420 children
T Vaccmated




Influenza-associated encephalitis
and encephalopathy in children

N ~#! o Increased reports of influenza-associated

. & encephalitis and encephalopathy from Japan
.z beginning in 1990s

== o Prompted nationwide surveillance efforts in

"4 Japan with medical community and public

-k education of CNS complications of influenza
O It become a notlflable dlsease since Nov 2003

‘ﬂ




Encephalitis and encephalopathy associated

with an influenza epidemic in Japan.
Morishima T et al. Clin Infect Dis 2002; 35:512-7.

,,,,,

National survey of every local health care
center In Japan

Definition of encephalitis/encephalopathy
clinical (altered consciousness or loss of
consciousness), diagnosis of influenza based
on positive culture, antigen test, PCR, or




Encephalitis and encephalopathy associated

with an influenza epidemic in Japan.
Morishima T et al. Clin Infect Dis 2002; 35:512-7.

| ~=lo Typical course
L 5 Onset of high fever, seizures, and altered

consciousness, rapid progression to comatose state
within 1-2 days of flu symptoms

Few patients with Reye’s syndrome (4%)
o Associated with influenza A (88%)
- e CSF findings frequently normal, brain imaging
suggestive of cerebral edema and localized areas of
oW densi on ith bilaters mmetric thalamic




Influenza-associated encephalopathy In Japan
Sugaya N. Sem In Pediatr Infect Dis 2002; 13(2):79-84.

@ 100 cases of fatal influenza encephalopathy
In Japan reported annually over past 4 years,
most following A/H3N2/Hong Kong:

Associated with early sudden onset of high fever,

early severe seizures, rapidly progressive coma,
death within 2-3 days

Acute necrotizina encephalopathv in >90%




Influenza-associated encephalitis and
encephalopathy in children

*2i© No accepted explanation for difference in

rate/pattern of CNS complications in Japan
compared to other countries

s @ Japanese report continued high rates of

Influenza-related encephalitis and
encephalopathy in recent flu seasons but
mortality rates have decreased

AN N AY




Detail of pathogen in acute encephalitis cases, Influenza virus B
2004-2007, Japan Influenza virus A | Influenza virus A+B

Influenza virus

0-14 years
(381 cases)

15 years < Do
(B09cases) /~ [l § )

........

74— Adenovirus
//{!’ 2 .
7/ Measles virus

7/ A\ virus B Unknown
19,31,
LI
10 WA :
% 77\ Influenza virus
‘ Z é;%% _ Influenza virus A+B
: AN : )
Bacteria 424 %/,;%/// U\ HHV6 Influenza virus A+Rotavirus
Mycoplasma HHV7
Rotavirus HSV
Norovi VZV (National Epidemiological Surveillance of Infectious Diseases:
Virus BB .
. Rhinl(:ivu.us Rl-éerp‘ggrlisrus Data based on the reports received before October 4, 2007)
0XSacKlevirus V
Adenovirus+Enterovirus Measles virus
Aden()Virus Mumpg virus
Parainfluenza virus

A
|

I
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Influenza encephalopathy in Japan
2004 - 2007 (after Nov. 2003)

e Itis estimated that annually 100-300 cases of acute
enaey encephalopathy accompanying influenza occur
o e according to the study group of MHLW on
oy Influenza encephalopathy headed by Dr. T.
s Morishima.

@ According to NESID, 53 cases (type A 19 cases,
type B 29 cases, types A+B 3 cases, and type
unknown 2 cases) in 2004/05 season, 53 cases (type
A 48 cases, type B 4 cases, and type A+rotavirus 1

case) In 2005/06 season, and 42 cases (type A 30




Mass immunization of school-aged children
reduced the mortality rate from influenza-
assoclated acute encephalopathy/encephalitis in
children less than 9 years of Age !!!

e Total influenza mortality among children aged <19 years has
Increased since 1990, with children aged <4 years after 1994 being
the worst affected. The mean values of mortality rates of influenza
associated with central nervous system signs during 1963—1978
and the estimated mortality of children aged <9 years during
1979-1994 were significantly lower than in some years before
1962, and after 1995 ( P < 0.05).

@ The annual mortality rates of influenza-associated acute
encephalopathy/encephalitis during 1995—-2000 were significantly
higher than the expected mortality of influenza associated with
central nervous system signs in children aged <14 years ( P< 0.05).
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Influenza-associated encephalitis and
encephalopathy in children

£ @ |solated case reports and small series of
m. cncephalitis and encephalopathy from U.S.

SeaSOn (Maricich S et al. Neurologic complications associated with influenza A in children during the
2003-2004 influenza season in Houston, Texas. Pediatr 2004; 114:e626-33.)

478 laboratory-confirmed cases of influenza A at
Texas Children’s Hospital

On Mvu;h 3|gmf|cant neurologlc sequelae(ANE) e
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Study by Newland et al. Disease burden  in Hong Kong

to U.S.Aand
Hong Kong
72
8.5%)

Neurologic Neurologic
complications N=T72 complications N= 182
Seizure 56 Encephalopathy 5

Febrile selzure 27 Encephalitis 1

Seizure with fever 8 Aseptic meningitis 1

Other seizure 21 Febrile seizure 165
Encephaiopathy 8 Other seizures 8
Post-infectious encephalopathy 2 Myositis 2
Other 6

Stroke secondary 1o hypolension 4

Asepbc meninglis 2

: f 1o 4-year retrospective cohort in USA 2000-2004: S-year retrospective cohort in Hong Kong 1998-2003:

¢

2, no norgogamy 1 with neuologic sequelae 2 mortality, 1 with neuologic sequelae

. -, s T 1 - - g
% H.. Tsan AM Wong VC Journal of Pedlatrlcs.
15i(5 L1728 uthor reply e18-9, 2007 Nov. - = " s



Neurologic complications in children hospitalized with
influenza: characteristics, incidence, and risk factors

Newland JG. Laurich VM. Rosenquist AW. Heydon K. Licht DJ. Kefen R. Zaoutis TE. Watson B.
Hodinka RL. Coffin SE. Journal of Pediatfics. 150(3):306-10, 2007 Mar.

@ The incidence of influenza related neurological

complications (INC) was approximately 4 cases per
100,000 child-years.

@ Patients between the ages of 2 and 4 years and
patients with a pre-existing NNMD were at greatest
risk for developing an INC.

Seizures were the most common INC.
Influenza encephalopathy occurred in a small

O



Febrile convulsion Vs AESD

@ Influenza A is associated with a high incidence (6 to
ey e 40%) of FS, especially in older children and.

- . © Most of these persist for less than 15 min (45/47,
Y 95.7%), and neurological prognosis is good.

or Therefore, no clinical follow-up is generally
recommended for patients with a brief FS associated
with influenza A infections.

@ However, the parents should be informed about the
possible secondary progression around day 5. This
may herald the condition acute encephalopathy with




@ Acute encephalopathy with biphasic
seizures and late reduced diffusion (AESD)

Biphasic seizures on days 1, and 4 to 6;

Radiologically by no acute abnormality is
visible during the first two days, while
reduced diffusion in the subcortical white
matter Is seen during days 3 to 9, finally
ey resulting in cerebral atrophy.
The subcortical abnormalities do not result
from the initial seizure as patient with status
epilepticus has no subcortical abnormalities.

Mlld- influenza encephalopathy with blphasm seizures and Iate reduced d|ffu5|on
Takanashl,,] TSUJI M Amemlya K Tada H Barkovich AJ Journal of the Neurologlcal SCIences 256(1 2): 86 9, 2007 May 16
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Acute encephalopathy with biphasic
seizures and late reduced diffusion

@ MR spectroscopy study revealed transient increased
glutamate/glutamine complex along with imaging findings of reduced
subcortical diffusion.

e Glutamate, an excitatory neurotransmitter, is taken up by surrounding
astrocytes and metabolized into a relatively harmless compound,
glutamine. Excess of glutamine in astrocytes creates an osmotic
gradient, resulting in astrocytic swelling or edema, which may play a
part in the reduced diffusion seen in AESD.

@ In patients with influenza associated encephalopathy, CSF studies
have shown increased glutamine and nitrite/nitrate (NOXx) levels
together with decreased glutamate levels, suggesting increased
activity of the glutamate uptake transporter and glutamine synthetase

In astrocytes.

activated by

- Mild mfluenza'encephalopathy with blphaS|c seizures and late reduced diffusion.
i ' Takariasb,LJ TSU]I Amemlya K TadaH Barkovich AJ Journal of the Neurologlcal Suences 256(1 2):86-9, 2QQ¥—May 15 e
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g EEG on day 5 shows high voltage slow

. waves In the frontal region.
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Mrld mfluer’rza encephalopathy with biphasic seizures and late reduced diffusion.
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— @ Diffusion weighted image (A,
f SR\ spin-echo EPI: TE = 103;
| ¢ \ b = 1000; MPG with y aX|s)
on day 6 reveals symmetric
! high signal lesion in the

& o) frontal subcortical white
matter. T2-weighted image (B,
FSE: TR/TE = 4000/100)
shows no signal abnormality.
These observations suggest
reduced subcortical diffusion.
Follow-up MRI after 6 months
showed disappearance of the
signal abnormalities and mild

|\/|I|d mﬁuenza encephalopathy with blpha3|c seizures and late reduced diffusion.
TakanashtJ Ts M-Amemlya K Ta'da H. Barkavich AJ Journal of the Neurologlcal Smences 256(1 2) 86 9, 2007 May 1 5™

2 3% S e S e . - e e
._g- v s '_,,'-_'__‘: i — ™ - ' L ’ ’ : . = o 28 -
— A : ¥ < > T p=ig . 5 -

o " L E S __‘.“‘-"" \ - :
& A

- T . RS T TR LT AR o S Y o an o



Reduced Subcortical Diffusion

o @ Diffusion weighted image (A,
[y . spin-echo EPI: TR, 4000;
Y’ Q , > TE = 100; b = 1000) on day 5
' » , reveals asymmetric high signal
. . lesion in the fronto-parietal
F 4 , subcortical and deep white matter
with sparing of peri-Rolandic
region. T2-weighted image (B,
FSE: TR/TE = 3400/90) shows
subtle T2 abnormality in the cortex
and blurring of the cortical-white
matter junction in the same area
that shows the diffusion
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Cytokine regulation of interleukin-6 gene expression in astrocytes
involves activation of an NF-xB-like nuclear protein

SPARACIO S. M. ; YIHONG ZHANG (1) ; VILCEK J. ; BENVENISTE E. N. Journal of neuroimmunology 1992, vel. 39, no3, pp. 231-242 (1 p.)

@ The cytokines interleukin-1 beta (IL-1p) and tumor necrosis
factor-alpha (TNF-a) induce interleukin-6 (I1L-6) gene
expression in astrocytes.

@ The molecular mechanism(s) by which these cytokines activate
IL-6 expression was examined by transient transfection of the
human IL-6 promoter linked to the reporter gene CAT (IL-6-
CAT) in primary rat astrocytes. Both IL-1p and TNF-a exert
their effects through the IL-6 promoter to increase CAT
activity, indicating that the cytokines act at the transcriptional

level. Use of deletion mutants revealed that the NF-KB-like

binding site is required for cytokine induction of 1L-€
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There Is an increase of microglia and
apoptosis of neurons and glial cells in fatal
cases of influenza encephalopathy and
encephalitis. In particular activated
microglia and apoptosis may play an
Important role in their pathogenesis.




Possible Role of Direct Viral
IAvasion

Dr. Lai Kang Yiu
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An adult autopsy case of acute encephalopathy

associated with influenza A virus.

Ishigami A. Kubo S. Ikematsu K. Kitamura O. Tokunaga I. Gotohda T. Nakasono I.
Legal Medicine. 6(4):252-53, 2004 Oct.

@ 35 year old male die of pneumonia and
cerebral edema.

@ Influenza A virus antigen was detected
In both the lungs and brain.

@ Brain edema was also observed, and
proliferation of lymphocytes was

aY aYeYa 2 Y a aYal a - a




Influenza Infection
In mice

Mitochondrial
beta-oxidation defect

TMini-plasmin

In brain capillaries

Cleavage of HAO Disrupt
To HAl1 and HA2 blood brain barrier

Direct viral invasion Capillary leakage

“Vascular i mvasmn of the murine brain by a pneumotroplc mfluenzaA

=1 V|rus‘.|mp1icatr0ns fofinfluenza-associated encgphalopathye: = g
= Yaoﬁ ChsrﬁYrKuwaﬁmaM Sﬁ‘otaM Kido H. Biological Chemlstry 385(6) 487 92T2004 Jun X 3




MRI Finding in Mitochondrial
Respiratory Chain Defect

Magnetic resonance imaging (MRI) showed
diffuse cortical atrophy in 34 cases (70.8%),
basal ganglia signal changes in 18 cases (37.5%)
and thalamus signal changes in 12 cases (25.0%).

e
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Childhood Mitochondrial Disorders
and Other Inborn Errors of Metabolism
Presenting With White Matter Disease




| Illing and low attenuatio
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MRI of Influenza Encephalopathy in Children:

Value of Diffusion-Weighted Imaging
Tsuchiya, Kazuhiro; Katase, Shichiro; Yoshino, Ayako; Hachiya,
Junichi Volume 24(2), March/April 2000, pp 303-307

Influenza encephalopathy is visualized on MRI as areas
of elongated T2, and sometimes T1, in the cerebral
cortex and adjacent white matter. The lesion distribution
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E and F: Single shot echo planar diffusion-weighted image shows clear hyperintensity in the
frontoparietal cortex and adjacent subcortical white matter bilaterally (arrows). The apparent
diffusion coefficient map shows hypointensity of the lesions representing restricted diffusion




A 1.6-year-old girl examined
12 days after the onset of
symptomes.

A: FLAIR image shows mild
hyperintensity in the left
cerebral hemisphere.

B: Postcontrast T1-weighted
Image shows no lesion
enhancement but
enhancement within sulci
probably due to venous
congestion.

8 C: Single shot echo planar

¥ diffusion-weighted image
shows hyperintensity of the

B lesion in similar extent to the
4 FLAIR image. However, the
lesions are more
conspicuously demonstrated
@ & on this image.

) fd D: The apparent diffusion

S Ll coefficient map shows

f;’" hypointensity of the lesion

,

: ‘:.: aE due to restricted diffusion.
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CRP Response to High Dose N-acetylcysteine

(100mg/Kg infusion Daily)
(An experience in 9 patients)

Patient

LDl ID2 |D3 |D4 |D5 _|

1 (F/48)

Chronicsmoker
and drinker

11.7

2 (M/58)

NPC 4th relapse
bulbar palsy

3 (M/48)

HT DM Obesity

4 (F/31)

HELLP
Eclampsia
Cx by ADEM

5 (M/43)

Asthma

6 (M/55)

Ht, DM, IHD CR|

OIdTB with
bronchiectsis

7 (F/51)
8 (M/55)

-4 9 (M/45)

Status asthmaticus
carrier

123
50.4

135
115

Post hemotherapy
and RT with
neutorpnicsepsis- | .



Influenza induced ROS

Fungal Sepsis | High Dose
I

Bacterial and

Block by

NAC

NF kB

Interleukin 6 Other cytokines
C-reactive protein

Encephalopathy

- i



m Anti-thrombin 111

- R

Platelet

Monocyte ' vVWF _ .
y activation

Fibrinogen

Tissue IL-1 and IL-2 did not S|_gn_|f|cantly affect
factor V111 gene transcription

factor NFkB and C/EBP is necessary for

(VIla) increased factor VIII mRNA transcription

"-'owars naemeostasis — an ﬁver-wew

1-4

Kf,fﬁ BEd Haematol, Volume 115(1).Octaber 2001.317 -
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Re-epithelinlization
of Resplratory
Ipithelinm After

Influenza A Virus Fittitnsa & Vivig

Damage

Reactive oxygen species

e o
oz | g

N-Acet '}'léysteihe

Upregulate Fas antigen

Zinc suppresses caspase-3 activation

Induction of apoptosis

Epithelial cell apoptosis

NF-kB

Neutrophil apoptosis

TN

o Defective neutrophil and menocyte chemotactic,
i *,j;‘ oxidative, and hacterial Killing functions

‘.

-

Pathogenesis of Influenza Virus

2 Bacteria and Virus Synergism : HINI

Influenza virus Neuraminidase g Bronchial Adaptive

o - 18 A O8NS
facilitate bacterial s Mucos “' : Immune
. Epithelialization Response
adhesion and )
NS1

protein of Epithelial dam:
HINI 1918

Cleavage activation . T Prevent

Y — A Next
of Haemagglutinin g Gl Seleninm lnfc:' tion
amplify viral e L y \

roliferation Pneumococcus |

. Recovery from
Current
Infection



Influenza A Virus

Upregulate Fas antigen Reactive oxygen species

Induction of apoptosis

Epithelial cell apoptosis

-

Lymphocyte apoptosis TNF-alpha,

_ _ IL-1beta, IL-
Neutrophil apoptosis 6, and IL-8.

Defective neutrophil and monocyte chemotactic,
' oxidative, and bacterial Kkilling functions

-‘-—- -l -

Al ;Mar edly Potentlates Apoptotlc Effects-of Bacteria
L 3 ‘[I\/Ia.r LulsaQoiamussn Blood, Vol. 93 No. 7(Apr|l1) 1999 - Pp. 2395 2403]



Influenza Infection

Bronchial

SRINEION Chemotactic cytokine

Cytokine storm Chemotaxis Leukocyte
recruitment
CHAK (CC-
Chemokine-activated Eosinophil

killer) cells Basophil

? Pulmonary
fibrosis NK cell activation

And proliferation

- —

. : nd RANTES on human bronchial
Fhe.hal cells- NCI H292 induced by influenza virus A

-. Matsukur? Kokubu F ,Noda J—L.Tokunaga H, Adachi M J AIIergy Chn Immunol 1996 Dec; 98’(6 Pt 1) 1080- 7

—— . -.-':.5‘ e _,~_-__‘ lf‘ =




Blocked by NAC Hypothesis

e Increases blood—brain vascular
permeability, injures vascular

: endothelial cells, and induces
Interleukin 6 necrosis / apoptosis of myelin and
oligodendrocytes.

Encephalopathy Apoptosis

Cytochrome c
CRP TLDH

Fibrinogen
FVIII.C
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Hypothesis

e Inour patients, high dose N-acetylcysteine can
cause a rapid and drastic decrease in CRP, an acute
phase protein.

@ IL-6 1sa major regulator of CRP production.

e There is close correlation in the severity of influenza
encephalopathy and the interleukin level.

e Currently there is no medication that can suppress
IL-6 production without major immunosuppression.

High dose N-acetylcysteine has a potentlal role in
ald control of CRP ¢ ps IL6 level during

I'll‘_d. 1
)




H1N1 2009
HSI
Encephalitis

Cytokine control

High dose NAC

Anti-oxidant

Maintenance
Therapy until
Recovery

Viral control

Tamiflu Till
RT-PCR -ve

(a)
(b)

<4 day prophylaxis

CRP/CXR
? Fibrinogen
? CK/LDH

Convalescent
= Immunoglobulin

Pregnancy
Immunocompromised

GCS +/- EEG
CT/MRI

> 4 days treatment

High dose IVIG for
Persistent
lymphopenia






Would Epidemic Encephalitis Lethargica
Re-emerge After Novel 2009 HIN1
Human Swine Influenza Pandemic ?

OXFORD UNIVERSITY PRESS
LONDON : HUMPHREY MILFORD
1931

""" Queen Elizabeth Hospital -
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Encephalitis
|_ethargica

? Influenza H1IN1 1918
Streptococcus Wasp sting, S.L.E.

65% elevated ASOT Herpes zoster

H5N1 infection in mice
Pulse steroid causes severe loss of

Plasmapheresis Anti-Basal Ganglia Ab sttt

IVIG — (95% +ve Vs 2-4% in control) R KindEeSIECIe
Azathioprine autoimmune response

E Ez/litoc_:h(:ndl‘ial Basal ganglia [ii/reclt
B3| Respiratory : . ira
2| Chain Defect and mid-brain Invasion

1

" /\ -
el ||
'
.
a

Jypothesis on Pathogenesis .-



Encephalitis Lethargica
(55% has preceding pharyngitis)

Sleep disorders
lomnolence, Sleep inversion, Insomnia

Extrapyramidal symptoms
(Parkinsonism, dyskinesias)

Neuropsychiatric Diorders

Catatonia, obsessivercompulsive disorder and mutism
apathy and conduct disorders

Oculogyric crisis

Ocular palsy and ptosis

Central cardiorespiratory

Features (e.g. hiccup)

LP: Lymphocyrosis, elevated proteins,
Intrathecal oligoclonal band
Human anti-basal ganglia neuronal Ab

MRI: 60% normal and 40%
deep grey matter inflammation




= MRI and DAT scan. A middle-aged woman with encephalitis lethargica presented with
.} double vision, headache and a behavioural disorder, followed by increasing confusion and
#. reduced level of consciousness due to hypersomnolence. She later developed oculogyric
.. crises and hiccoughing. On recovery she was parkinsonian, with rigidity and bradykinesia,
2| with superimposed tics and dystonic posturing of the right arm. Unfortunately, she was left
ms| With chronic obsessive-compulsive behaviour, anxiety, panic attacks and dysthymia. The
MRI study during the acute encephalitic crisis showed bilateral swelling of the striatum,
! with associated signal change on the T2- (left) and proton density-weighted images (centre).
*| These areas were shown to enhance diffusely after the administration of gadolinium (right).
~__;_‘ The abnormal signal change also extended into the posterior hypothalamus and mid-brain
B (images not shown). On the far right is an abnormal striatal dopamine transporter (DAT)
S . study, with [1231]beta-CIT ([1231]2beta-carbomethoxy-3beta-(4-iodophenyl)tropane) single
,} B photon emission computed tomography (SPECT) showing bilaterally reduced and
y m? asymmetrical dopamine transporter density in the striatum. This patient’s serum was
Pt | positive for ABGAS.

Are antibasal ganglia antibodies important, and clinically useful?.Martino D. Church A. Giovannoni G. Practical Neurology. 7(1):32-41, 2007 Feb.



Spectrum of disorders associated
with antibasal ganglia antibodies

s sy ]

The Role of Group A Streptococcal
Infection
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Are antibasal ganglia antibodies important, and clinically useful?.Martino D. Church A. Giovannoni G. Practical Neurology. 7(1):32-41, 2007 Feb.
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Sydenham's chorea (prototype)

Post-streptococcal acute disseminated encephalomyelitis

Encephalitis lethargica

Paediatric autoimmune neuropsychiatric disorders associated with streptococcal
infections (PANDAS)

Gilles de la Tourette syndrome

Obsessive-compulsive disorder

Infantile bilateral striatal necrosis

Paroxysmal dystonic choreoathetosis

Fixed dystonia syndrome

Anxiety disorders

Depressive disorders

Enuresis

Conduct disorder

Attention deficit hyperactivity disorder, usually as a comorbidity with Tourette's or
obsessive-compulsive disorder




£ The extended spectrum of post-streptococcal neuropsychiatnic disorders

1 Mwememdianrders Peychiatrc symploms

Ehnrea 20 (50%) Aggressive, opposiional or disruptive behavow 14 [35%)
| R Voo fcs 17 (42.8%) Emctional biiy 13 (32.0%)
y “"“"' Motor fics 16 (40%) Aty 11 275%)
N ”‘% 22 Dpsore 6 (125%) Obsessiie-compuie befesiour 9 (20.5%)
¢ “Trernnr 3 (7.5%) oleep disorders 9(20.5%)
5""';,. = Slereolypes 2 [0%) Depression 1(17.5%)
.'r Opstclonus 2 (6%) Attertion defict 1{17.9%)
Myﬂclunus 1 (20%) Echolala 4(10%)

. :; Parorysmal dystonic chereoatheloss 1 (24%) Visual halucnations 2 [0%)
,"’,- 3 Sockl disinterest 2 [0%)
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’é“ Sleap

Parkinsonism A disorders
Bradykinesia ‘ Hypersomnolkenoca
Reaest remor Sleap inversion

Rigidity Insomnia
Postural instability ) Vivid nightmares

Sleap-walking

= =
~ P

™~ 7

Encephalitis
lethargica-like

syndrome
/ \
Hyperkinesias symptoms
Dystonia Mutism
Oculogyric crises Amletgx;.) :tg;essbn
Tics : . -
otypie Obsessive-compulsive bahaviour
Stmgnma:e’: o Catatonia
Sticren | | et
He allism : Srishisenpid

~ Disinhibition

1 Antrbasal gaﬁgha antlbodles and their relevance.to.movement. d!sorders:_-‘
| Marfino-Bf*Giovameni G:Current Opinion in Neum}ogy 17(4):425-32..2004 Aug:



Anti-Basal Ganglia Antibody
Post-Streptococcal Infection

Streptococcal
Infection

Encephalitis
Lethargica
(95% anti-basal
Ganglia Ab)

Mid-brain and
basal ganglia

Sydenham’s
PANDAS

C h O rea (pediatric autoimmune neuropsychiatric
H disorder associated with streptococcus
(93% anti-basal plococess)

Obsessive—compulsive disorder

Ganglia Ab) Tic disorder

Tourette's syndrome.

Basal ganglia

ADEM
(Acute
disseminated
encephalomyelitis )

80% Post-streptococcal
ADEM
Showed hyperintense
basal ganglia lesions
Vs 18% non-streptococcal
ADEM



Anti-Basal Ganglia Antibody
Post-Streptococcal Infection

Streptococcal
Infection

Ab to GAS epitope N-acetylglucosamine
cross react with Lysoganglioside on neuronal cells

Induction of calcium calmodulin-dependent protein kinase |
Increased tyrosine hydrolase and dopamine release

[ ——



Model of Pathogenesis for PANDAS

Immunomodulatory
Treatment

Antibiotic Prophylaxis

Immune
Response

Model of etiopathogenesis for SC and the
PANDAS subgroup.

— 7 1 1J
pe iy

Y i_ﬁIf'LA. Swedo SE. Molecular Psychiatry. 9(1:9f7, 2004 Oct.
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K Activation of antigen-specific T- and B-cells
St Hereditary
bl 3 predisposition
oy v
et Selection of potentially autoreactive T<ells + autoreactive Igs
-
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PANDAS Diagnostic Criteria
(Swedo et al. in 1998)

OCD and/or chronic tic disorder (Tourette's, chronic
motor, or vocal tic disorder) that meets the DSM-IV
diagnostic criteria;

age at onset between 3 years and the onset of
puberty;

Clinical course with an abrupt onset of symptoms
and/or a pattern of dramatic recurrent exacerbations
and remissions;

Temporal relatlon between GAS infection and onset




Are antibasal ganglia antibodies
important, and clinically usetul?

Martino D. Church A. Giovannoni G. Practical Neurology. 7(1):32-41, 2007 Feb.

e There is a group of putative autoimmune diseases of
the central nervous system characterised by ABGAS
associated with recent streptococcal infection.

@ ABGAs are a potentially useful diagnostic marker of
Immune-mediated basal ganglia disorders triggered by
a streptococcal infection.

e Patients typically present with a neuropsychiatric
syndrome with both hyper- and hypoklnetlc

movement disorders; Sydenham’s chorea is the

prototypical disorder associated with ABGASs.



Are antibasal ganglia antibodies
important, and clinically usetul?

Martino D. Church A. Giovannoni G. Practical Neurology. 7(1):32-41, 2007 Feb.

@ Long-term antibiotic prophylaxis IS Indicated In

e patients with Sydenham'’s chorea but there is no

N Sad evidence supporting this policy in other

yo e ABGAassociated disorders.

o @ Immunotherapy should not be given routinely to
patients with ABGAassociated disorders until further
controlled trials establish its efficacy.

@ There is a scientific rationale for a therapeutic trial of
Immunomodulatory therapy in patients who are
significantly disabled from thelr dlsorder




Human Swine Influenza

THE TURKEYS HAVE BIRD FLU. THE COWS HAVE MAD COW DISEASE.
'™ TELLING YOU, BOYS...UNLESS WE WANT TO SEE MORE HAM SERVED

ON THANKSGIVING, WERE GOING To HAVE TO GETOUR OWN DISEASE./




Deaths per 1,000 persons
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The second
wave was
Death rates in highly fatal
most locales were
not appreciably
above normal

NSI1 gene

mtroduced atter
reassortiment
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9/21
1918

1019 11116

1918 NS1 gene was able to
downregulate expression of
several genes mvolved m the IFN
signaling pathway and 1s
species-specific.
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Gene Segments, Hosts,

| » ? Account for
and Years of Introduction

partial protection
for those born
before 195

Triple |

. Reassortant

Classical
Swine

~1998

EUfa.Sian 2009 A(H1N1)
Swine Predispose to

Antigenic and Genetic Characteristics of
Swine-Origin 2000 A(H1N1) Influenza
Viruses Circulating in Hunnans MAy 22,
2000 SCIENCE

£ » Suppression of innate immune response
g leading to initial rapid proliferation of
influenza virus and severe mucosal damage

bacterial co-infection




Mexican Flu, Swine Flu, H1N1
Pandemic Pandemonium Origin

La Gloria

N N[ @ It 1s believed that a five
T year old boy in La
Gloria, Mexico was the
very first person that
tested positive for the
Mexican Flu.

| | @ The outbreak may
rastarted as carly as
15/2/2009

WHO- d 7." od pande |caer rom
phaseﬁ to..phase 6 on 11/6/2()09""— e |




\
.....
.

i Age

s 1918 Influenza U.S.A.
B ? % 6
£ 5 s —&— Case-fatality rate 1918-1919 A
‘ S w-itee: Case-fatality rate 1928-1929
£ 4
= .
:
2
a2
= e
- >
= -
-5 - iy
E o | 1 | 1 1 I
S 40 45 50 55 60 65 70 75
'V:;' e CDC Volume 12, Number 1, January 2006 1918 mfluenza: the Mother of Al Pandemicsgeﬁery K. Taubenberger* and David M. Morens
o= : 06% | 038% | 274% @ 4.06% | 38% | 5.0% 5.1%
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l 2006-2007 [ 2007-2008 |[H 2009

Percentage Distribution of Deaths from Severe Pneumomnia
during the 2009 Study Period, as Compared with Influenza
351 Seasons from 2006 through 2008, in Mexico, According to
304 Age Group.

Percentage Distribution of Deaths

March 24 to April 29, 2009, a total of 2155 cases of severe pneumonia, involving 821 hospitalizations and 100 deaths

—

d PhiD., Stefino M. Bertozzi, NEJVEJune 29-2009 -



Avian H1N1 reservoir

Avian [

Swine

H
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Seasonal H1N1 influenza
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; 7%..; _ Sporadic cases of Post-encephalitis Parkinsonism and Post encephalitis
Ietharglca have been reported recently after HIN1 was reintroduced in 1977

.,- although no viral etlology has been documented. (Rall etal., 1981, Clough etal.,

. “\-Spanta \E ‘Zlmmer M D and Donald S. Burke \YR D Volume 361 279 285 July

162009 l\lﬂlfmée 3 _




Encephalitis Lethargica

| Click the "X in the uppar gl hand corner of this window Lo relurn

Please do nol copy o reproducs this piclure n any way.

Parkinsonism

.
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Encephalitis Lethargica
First Report 1917 in central Europe.

Epidemic in the winter of 1918/1919
Spread to Russia and North America

In epidemic form in winter seasons
Spread to rest of world (1918- 1927)

65000 reported case with mortality
30% in the acute stage and during relapse

50% survivors had persistent or recurrent

neuro-psychiatric illness/Parkinsonism

Recurrent or chronic illness with downhill course
Prone to sudden death
60/300 young. patient healthy after 2 years

erp enomenon? Time to re-examine theproblem
I\/Iﬁr;tme;tPP Epldemlology & Infectlon 137(4) 449—55 2909 Apr
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Temporal Relationship of 1918 Influenza
Encephalitis lethargica, Parkinsonism

Successful quarantining of American Samoa from
influenza 1n 1919 spared those islands from
Encephalitis lethargica in subsequent years.

Epidemic influenza years in Seattle after 1919 were
followed by peaks of cases of encephalitis lethargica

— - - —— -

* 19]_8 ln }uenza encephalltls lethargica, Parklnsonlsrr
-~ = | +'Ravenholt'RT; Foege WH. Lancet.1982: i 2 860—864 B e
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B, 7876 cases of encephalitis lethargica (EL ) (up to 1929); 3118
| " cases of Japanese B encephalitis (Jap B) (1927-1929);
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Chl Idren and encephalitis Ietharglca a hlstorlcal review.
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'i 1918-1919 Influenza and pneumonia morbidity and mortality (/1,000) by sex and age. US Registration States.
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Encephalitis Lethargica
(55% has preceding pharyngitis)

Sleep disorders
lomnolence, Sleep inversion, Insomnia

Extrapyramidal symptoms
(Parkinsonism, dyskinesias)

Neuropsychiatric Diorders

Catatonia, obsessivercompulsive disorder and mutism
apathy and conduct disorders

Oculogyric crisis

Ocular palsy and ptosis

Central cardiorespiratory

Features (e.g. hiccup)

LP: Lymphocyrosis, elevated proteins,
Intrathecal oligoclonal band
Human anti-basal ganglia neuronal Ab

MRI: 60% normal and 40%
deep grey matter inflammation




# Lesion (horizontal hatching) in the anterior
f4 hypothalamus that caused prolonged insomnia

* | The arrow points to a region
between the two, including the
posterior lateral hypothalamus.
Von Economo suggested that

narcolepsy was caused by lesions

at this site.

xf Lesion (diagonal hatching)
| at the junction of the

i brainstem and forebrain
i| that caused prolonged
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-
v
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M Cortico—striato—thalamo—cortical circuitry of the brain
&1 which controls motor, emotional and cognitive domains.

Sleep disorders

Parkinsonism

Hypersomnolence
Sleep inversion
Insomnia
Vivid nightmares

Sleep-walking

Bradykinesia
Rest tremor
Rigidity
Postural instability

Psychiatric
symptoms

Hyperkinesias
Dystionia Mutism
Rl Anxiety/depression
Oculogyric crises Angth
Tics . 2 :
S : Obsessive-compulsive behaviour
tereotypies C !
: 2 atatonia
Hemiballism e .
Agitation/confusion
Chorea A 4
ggression

Disinhibition




Midbrain and periaqueductal lesion

grey matgerTesion

Right p

MRI of the brain in a somnolent patient with bradykinesia and rigidity
Encephalitis lethargica syndrome: 20 new cases and evidence of basal ganglia autoimmunity
Russell C. Dale et al October 21, 2003 Brain (2004), 127, 21-33
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;& e Howard and Lees Proposed Clinical
i Diagnostic Criteria
@ Three of the following major criteria:

i (1) signs of basal ganglia involvement,
By (2) oculogyric crises,
g (3) ophthalmoplegia,

3 (4) obsessive-compulsive behavior,
(il (5) akinetic mutism,
(6) central respiratory irregularities




Encephalitis Lethargica

Encephalitis
Lethargica

Amyostatic-akinetic
-mask face
-bradykinesia
-rigidity

Somnolent-
Hyperkinetic opthalmoplegic

DDx idiopathic parkinsonism
=» Occur at younger age group with onset before age 40 years

prbg-ressweraberrant monosymptomatlc insomniac, parajytlc myoclomc 5
ol .' i thalamlo, gmdquv&mle pse'ude =psychopathic mamfestatlon DyRes 2o sl



Name

Signs/symptoms

Speculated anatomical site

B 1. Somnolent- ophthalmoplegic (sometimes together,
W sometimes as separate typeg)® 1011247 2830 3233

Profound somnolence (hut sometimes insomnia); diplapia,
strahismus, ptosis; facial paralysis, speechiswallowing disturbances

Cranial nerve lll, sometimes other cranial
neress especially IV W W midhrain

&M 2. Paralysis agitans (arryostatic, pallidap® 12192124~ 2832
4 [k

Parkinsonism with bradykinesia, rigidity, trermor, festination, masked
face, spasticity

Striaturm, globus pallidus

T RE F'svu:hiatriu:5 19 24 25 27 28 30 32 33
R ER

Hallucinations, illusions, delirium, depression, incontinence

Multiple foci in telencephalon

Tightness, tenseness in muscles; mild fixity of expression; slight
trermors; patient typically recovers completely after brief period

5. Cerehellgr!! 1224 - 262932

Ataxia of gait and speech; patients generally recover

Cerebellum

! ‘E. Hyperkinetic (sometimes differentiated by type of movement
disorder; neostriata)® 12 21242530 32

Chorea, athetosis, seizures, restlessness

L 7. Heriplegic thermipareticy12 2% — 3033

Hemiplegic signsisymptoms; eatly stahilisation allows differentiation
from typical adult hemiplegia

"™ 8 Cortical (cerebral cortica)® 11122629

Comvulsions, amnesia, disatientation, dysarthria, lethargy

Cetehral cortex

9. Spinal (radicular-spinap® 19 - 1224

Paresis, loss of knee jerks, myoclonic movements and fasciculations

Spinal cord

Petipheral nere lesions

Petipheral nerves

. Cataleptic12 27 1921

Catalepsy, vertigo, nystagmus, ataxia

Meninges@® 27 20 33

Dl pounding headache; stiff neck

Meninges

_Anterior paliomyelitic® 711

Lower motar neuron weakness similar to infantile paralysis; affects
loweer limbs

Lower motar neurons

_Hyperalgesic (posterior poliomyeliticy 19.29.22

Segmental pain similarto post-herpetic neuralgia

Darsal root ganglion ar posteriar harns of
spinal cord

_General syrnptoms without localising signs0.11.28

Headache, confusion, =leep disorders

Brain stem

Infantile 832

Infants with identical encephalitis lethargica symptoms as adulis

. Progressiye’228

Frogressive symptoms

Renewsal of inflammatory process

. Aberrantfautonomic?® 32

Intestinal, cutaneous, vagal symptoms

. Monosyrmptarnatic® 25

Single symptom, usually hiccups

_Pallido-pyrarmidal '@

Caombination of spastic paralysis and parkinsonism {maore complete

PN | HOWRR T | m N ER NN PR

Tahetic®® Arygll-Robertson pupils, loss of deep tendon reflexes, lancinating pain | Posterior columns, dorsal roots
Insomniza=® Insomnia

Paralytic™ Akinesia, hypokinesia Muclei of corresponding motor
- Myelitic=" Urinary incontinence, Babinski sign, disturhed reflexes, clonus

Pyramidal and pallidal system involvement

. Mixed striatal 2

Bizarre cambinations uniting elements of charea and paralysis
agitans

htyoclonic 12

Rare; rhythmical moverments of distal parts of extremities

Striatum

_Thalarnic!=

Spontaneaus pain of intalerable intensity; ataxia

25

Juvenile pseudo- psychopathia

Cnlyin juveniles; lack of inhibitions {marals) but no intellectual defect




Somnolent-Ophthalmoplegic

The prodromal phenomena consists of general discomfort, shivering, headache,
and slight pharyngitis. The temperature is generally only a little raised to
slightly above 98°F.... Von Economo emphasized that the sudden high
fever, myalgias, and upper respiratory symptoms characteristic of
influenza were absent

Within the next few days, somnolence begins to predominate. The patients
left to themselves fall asleep in the act of sitting and standing, and even while
walking, or during meals with food in the mouth.... If aroused, they wake up
quickly and completely, are oriented and fully conscious... but soon drop back
to sleep. Sleep in this form may last for weeks or even months but frequently
deepens to a state of most intense stupor or even a comatose condition which
may terminate fatally after some days or weeks.

Generally, during the first days of the illness (cranial nerve) palsies appear.
Ptosis is one of the first and most frequent symptoms. The frequent bilateral
occurrence of ocular palsies, incomplete, usually asymmetrical, suggest




Hyperkinetic

@ In the winter of 1920, there was observed a very
et ey large group of hyperklnetlc cases, first in Italy then
e Austria. Chorea and hemichorea as well as
h myoclonic twitches which were observed may

ml'l,‘. 1
)

degenerate into wild jactations.

e On the other hand, it may find its mental expression
In a general, curious restlessness of an anxious or
hypomanic type. In most of these cases, there is a
very distinct sleep disturbance and generally the

condition is one of troublesome sleeplessness.




Amyostatic-Akinetic

@ Third place in order of frequency, the amyostatic-akinetic form,
Is characterized by a rigidity, without a real palsy and without
symptoms arising from the pyramidal tract. This form of
encephalitis lethargica is particularly common in the chronic
cases, dominating the clinical picture as Parkinsonism. |
reserve the name ‘Parkinsonism,' though symptomatically
identical with the amyostatic-akinetic form, rather for the
chronic cases. To look at these patients one would suppose
them to be in a state of profound secondary dementia.
Emotions are scarcely noticeable in the face, but they are
mentally intact.

Mortality in the acute stage of this form of EL was somewhat
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OCULOGYRIC CRISES

e Oculogyric crisis was the one of the outstanding features of
postencephalitic parkinsonism.

e Of particular Interest are the visual fits, described by French
authors as ‘crises ocuogyres' (van Bogaert Bing, and Schwartz
Marinesco and Radovici), in English as "tonic eye-fits" o
more commonly, as oculogyric crises. They consist of tonrc
visual convulsions, occurring in fits and generally lasting
only a few minutes, during which the patients as a rule look
upwards and sideways.... Frequently, the convulsive twisting
of the eyes is also accompanied by other convulsive
movements, such as contortion of the head in the direction of
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Encephalitis Lethargica

@ The CSF was abnormal in about 50% of epidemic EL
. cases, mild elevation of protein and mild
= lymphocytosis being characteristic (von Economo,
£ 1931; McCall et al., 2001).
g Recent studies showed all CSF PCR studies were negative,
making a neurotropic viral encephalitis unlikely.

The presence of intrathecal synthesis of OCB has been

proposed to be a useful marker of disease (Williams et al.,
1979; Howard and Lees, 1987).




Encephalitis Lethargica

@ Brain pathology:

Perivascular lymphocytic (plasma cell) cuffing, which
predominantly involves the midbrain and basal
ganglia.(von Economo, 1931; Rail et al., 1981; Kiley and
Esiri, 2001).

The lymphocytes were both T and mature B lymphocytes.
Other than secondary reactive astrocytes and macrophage
activation, there were no other striking pathological
features.
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Histopathology of striatum
demonstrates perivenous
lymphocytic infiltration. Additional
staining with (b) CD3 and (c) CD20
identifies infiltrating cells as T and

. mature B lymphocytes respectively.
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A seroconversion was noted for Coxsackie virus type B3 (titre 0 on day 4, 1/320 on day 25)
=» indicating similar clinical features can be due to other viral infection.
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MRI T1

F-18-FDG

Marked discrepancy between striatal glucose metabolism and cerebral cortex
" ’\ f N\ F-18-Dopa

Anteroposterior gradient absent in PEP
Control IPS Patient

FDG- and Dopa-PET in nostencephalitic narkinsonism Ghaemi M. Rudolf J Schmullina S Bamborschke S Heiss WD  Journal of Neural Transmission 107(11):1289-95 2000




Prognosis
Encephalitis
Lethargica

Recovery
Mortality Chronic Invalidity with defect
40% 20% Able to work
26%

Complete

Recovery
14%

__ - Its.Sequelae and Treatment.
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Encephalitis Lethargica

e Mortality 20-40%
= © Morbidity:
Parkinsonism, dyskinesias or psychiatric
=373 disease.

The course of disease was monophasic or
fluctuating, unlike the progressive course




It is unlikely that the 1918 influenza virus
was neurotropic and directly responsible
for the outbreak of EL because several
studies has failed to detected the presence
of influenza viral genes from patients
suffering from Encephalitis lethargica

¥ Influenza RNA not detected in archival brain tissues from acute

“s & encephalitis lethargica cases or in postencephalitic Parkinson cases
b .'."? ;;,? i Jellinger KA. Journal of Neuropathology& Experimental Neurology 60(11) 1121-2, 2001 Nowv.
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? Autoimmunity

@ Anti-basal ganglia neuronal antibodies
In sera

@ Oligoclonal banding in cerebrospinal
fluid of EL patients

@ Steroid response




Both patients respond dramaticially to

pulse steroid therapy

(a) Methylprednisolone 0.5g IVI daily for 5 days or
(b) Methylprednisolone 1g I1VI daily for 3 days

Steroid treatment should be considered in the
acute phase of patients with features
suggestive of encephalitis lethargica.

~ 9 Clinical featUres and management of two cases of encephalitis lethargica.
$=4 BlUnt'SB, Lah Ry, Furjdnski N; Perkin GD Mov-Disgrd. 1997 May;12(3):354-9:
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Clinical Aspect of
Encephalitis Lethargica
in Children

Dr. Lai Kang Yiu
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Encephalitis Lethargica
(55% has preceding pharyngitis)

Sleep disorders
lomnolence, Sleep inversion, Insomnia

Extrapyramidal symptoms
(Parkinsonism, dyskinesias)

Neuropsychiatric Diorders

Catatonia, obsessivercompulsive disorder and mutism
apathy and conduct disorders

Oculogyric crisis

Ocular palsy and ptosis

Central cardiorespiratory

Features (e.g. hiccup)

LP: Lymphocyrosis, elevated proteins,
Intrathecal oligoclonal band
Human anti-basal ganglia neuronal Ab

MRI: 60% normal and 40%
deep grey matter inflammation




Contemporary Encephalitis Lethargica: phenotype,
laboratory findings and treatment outcomes.

Lopez-Alberola R. Georgiou M. Sfakianakis GN. Singer C. Papapetropoulos S. Journal of Neurology. 256(3):396-404, 2009 Mar.

@ Sporadic cases of encephalitis lethargica still occur

e Contemporary EL is more frequent in paediatric (including
adolescent) than in adult patients.

}... ; i“. @ (M/F:5/3) ranged from 2—28 years (mean 9.3 + 9.5).

- e Encephalopathy, sleep disturbances and extrapyramidal
symptoms were present in all cases.

@ Laboratory investigations revealed CSF leukocytosis in 5/8
patients and anti-BG Ab in 4/7 patients.

- | e MRIs revealed structural abnormalities in 7/8 cases. 18F-FDG
PET showed basal ganglionic hypermetabolism in 4/7 patients.

Treatment approache ded immunomodulating and




Children and encephalitis lethargica:
a historical review.

Vilensky JA. Foley P. Gilman S. Pediatric Neurology. 37(2):79-84, 2007 Aug.

@ Encephalitis lethargica was at least as
devastating for children as for adults,
typically causing severe psychiatric as well
as motor disorders;

@ The psychiatric effects in children were
virtually pathognomonic for encephalitis
lethargica, so that a recurrence of
encephalltls Ietharglca mlght |n|t|ally be




Encephalitis lethargica (BSEEMEASR) is an
acute encephalopathic iliness characterised
by sleep disturbance, neuropsychiatric and
extrapyramidal symptoms.

The diagnosis in children is made by exclusion
of infective, biochemical, degenerative,

autoimmune, toxic or metabolic causes of acute
encephalopathy.
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Gradual onset, marked
lethargy and asthenia,
headache, low irregular

.4 temperature, cranial

nerve and other palsies,

> 7 and often a masked face

Encephalitis
Lethargica
In children

Other possible features included
catatonia, marked tremors,
choreiform movements, profuse
sweating, insomnia, delirium,
and myoclonus. Vomiting was
common.

Lethargic

Amyostatic-akinetic

Drowsy state
Mask-like face
Rigidity

Facial myoclonus
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Irritable

Marked restlessness
Excitability and

virtually
continuous crying.

Lethargic

with paralysis

Drowsiness

Paralysis (Motor

& cranial n. palsy)
Frequent convulsions!

-
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childhood cases of encephalitislethargica described by NeaI,M
e,.34 recovered, 14 died, and 10 were “cured.” :
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Psychiatric Manifestation in Children

@ Whereas 70% of pediatric encephalitis lethargica survivors showed
some psychological changes, approximately one third exhibited
behavioral disorders.

e Marked personality changes, always negative. The term “Apache”
was used to characterize the most aggressive of these children, a
pejorative reference to Apache Indians

Excitation crises (usually evening): agitation, screams, or insomnias;

Impulsiveness;

Infantile or precocious sexuality;

Self-mutilation tics;

Vandalism;

NMali =)




Approximately one third of affected
children underwent a rapid transformation
from normal behavior to delinguency,
often leading to institutionalization !

Encephalitis lethargica triggered behavioral changes
In children that are not duplicated by any other
neurologic condition, with the possible exception of
traumatic brain injury. These unigue behavioral
abnormalities may provide the earliest clear indication
of new encephalitis lethargica cases, whether alone or

t—
Ya¥s (] -

= ,,‘ o @, ' 9 ' VleW
\,ﬂlensky JA fgley P. Gllman S. Pediatric Neurology 37(2)“79 84, 2007 Aug

.4—.—-

.: ' "‘ - .;', Aty 4 - T - -
el Tt ? 1oty S0 B T SRS
s

‘o_ !r" C

L2

-u",. Y i L e

S L T TR LT L AR o S >,



Whereas the neurologic lesions are the same for
adults and children with encephalitis lethargica,
adults do not exhibit the “deterioration of
character” unique to encephalitis lethargica in
children. [JUVENILE PSEUDOPSYCHOPATHIA]

Many of these children with antisocial behavior
are being send to a state institution or mental
Institutions or arrested as a result of their
uncontrolled, delinqguent behavior. Some has
undergone fronte otomy.

ncephalitis.
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Institute for Juvenile Research in
Chicago

@ SiXx behaviors that best distinguished children with
encephalitis lethargica from those without
encephalitis lethargica (although these control
subjects were not “normal” children):

Change of personality;

Emotional instability, changeable moods, and crying spells;
Irritability and temper tantrums, and quarrelsomeness;
Nervousness, restlessness, and restlessness in sleep, and
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Encephalitis Lethargica
Neuropsychiatric manifestations
?Emotional Labilit
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