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HistoryHistory

F/48 
BMI 20 
Chronic smoker 1ppd for 20 years
Chronic drinker ~ 1/2 glass wine per day 
Good past health
Developed URTI since 8/7/2009 with fever, 
cough yellow sputum and muscle ache after 
his son who has URTI from 3-6/7/2009.
No recent travel history to rural area.



HistoryHistory

Seen by 3 different GP on 8/7/2009 10/7/2009 and 
13/7/2009
Given paracetamol/diclofen/cough
mixture/mefenamic acid
Put on azithromycin 250mg b.d. for 3/7 on 
13/7/2009
Developed respiratory distress on 15/7/2009 
requiring intubation shortly after admission in early 
morning of 15/7/2009.
pH 7.46 PaCO2 4.3 kPa paO2 7.4 kPa HCO3 22 
mmol/L BE -0.6 mmol/L SaO2 91% while on 100% 
non-rebreathing mask before intubation.



ICU AdmissionICU Admission

Patient was admitted to ICU on 15/7/2009 for 
ventilatory support
Patient has ARDS requiring PEEP 18 cmH2O PCV 
FIO2 1.0 and NO 20 p.p.m. in order to maintain 
SpO2 > 90%

pH 7.38 PaCO2 5.3 kPa PaO2 8.9 kPa HCO3 23 mmol/L 
BE – 1.8 mmol/L SaO2 93% (on FIO2 1.0)
pH 7.40 PaCO2 5.2 kPa PaO2 13,8 kPa HCO3 25 mmol/L 
BE 0 mmol/L SaO2 98% on FIO2 1.0 NO 20 p.p.m.

Patient has septic shock and was put on inotropic
agent (noradrenaline 1ug/Kg/min)



H1N1 Matrix and H1 Gene +H1N1 Matrix and H1 Gene +veve

NPA (15/7/2009)
RSV                    :  Negative
Influenza A            :  Negative
Influenza B            :  Negative
Parainfluenza 1,2,3    :  Negative
PCR for influenza A virus matrix gene positive
PCR for human swine influenza A H1 gene positive
==> Human swine influenza positive 

Sputum (15/7/2009)
AFB Smear: Negative (Concentrated method)
AFB Culture :- pending

TA (16/7/2009) : No growth
CSU (16/7/2009): No growth
Legionella antigen -ve (15/7/2009)
Streptococcus pneumoniae antigen -ve (15/7/2009)
Blood culture (15/7/2009): No grwoth
HIV Ab –ve (15/7/09)



15/7/09



15/7/09



ElectrocardiogramElectrocardiogram

ECG (15/7/2009)
Mild ST depression in inferior and anterolateral leads

Echocardiogram (15/7/2009)
Thin rim of pericardial effusion but no tamponade effect.
Sinus tachycardia while on inotropic agent impaired LVEF 55-60%
No definite RWMA
No vegetation seen.
No valvular thickening
Trivial to mild MR/TR
No definite VSD/ASD on TEE

Echocardiogram (17/7/2009)
Thin rim of pericardial effusion but no tamponade effect.
Sinus tachycardia. LV function satisfactory. LVEF 60%
No RWMA
Trivial MR/TR/AR

Echocardiogram (23/7/09)
No pericardial effusion
LVEF 60%
No RWMA
Trivial TR



Antibiotic and Antibiotic and TamifluTamiflu TherapyTherapy
Patient on board spectrum antibiotic and anti-viral 
medication on admission
Tamiflu 75mg b.d. on 15/7/2009 stepped up to 150mg 
b.d. on 16-20/7/2009 followed by 75mg b.d. 21/7/2009

(According to CDC MMWR 10/7/2009 and with information 
on previous treatment dosage for severe case of H1N1 at UCH 
as advised by Professor Yuen Kwok Yung and agreed by 
infection control team Q.E.H.)

Board spectrum antibiotics
Tazocin 4.5g Q8H 
Vancomycin 500mg Q8H 
Klacid 500mg IVI Q12H

Hydrocortisone 50mg IVI Q6H for septic shock (Patient 
also had hyponatraemia on admission and adrenal 
insufficiency cannot be ruled out at that moment.)
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Na 128 mmol/L K 3.4 mmol/L Urea 3.7 mmol/L glucose 10.6 mmol/L (15/07/09)
Osmolality 263 L (15/07/09) (275 - 295) mosmol/kg
Ur Osmolality 194 (15/07/09) mosmol/kg
Ur Sodium 14(15/07/09) mmol/L
Short Synacthen Test (15/7/09)
Time (Min)   :       0         30        60
Cortisol(nmol/L)      771       832       913
Steroid cover with hydrocortisone 50mg IVI Q6H
Free T4 12.0 L (15/7/09) (12.9 - 19.4) pmol/L
TSH 0.61 (0.27 - 4.20) mIU/L
Low dose thyroxine given after result available



ProgressProgress

Patient has ARDS with severity that satisfy 
the ECMO recruitment criteria with a 
historical survial rate of 11% in 1974 and a 
survival rate of ~ 33% with current 
ventilatory strategy.
Patient was put on high dose N-
acetylcysteine anti-oxidant therapy after 
pregnancy was excluded by urinary and 
serumβ-HCG test and consent has been 
obtained from husband.



AntiAnti--oxidant Protocoloxidant Protocol

High dose N-Acetylcysteine
100mg/Kg infusion over 24 hour for 3 
days 
followed by 600mg b.d.p.o.

I-CAP 1 tablet b.d. p.o.
B. Co 1 tablet b.d.



AntiAnti--oxidant Protocoloxidant Protocol
Trace Element and VitaminTrace Element and Vitamin

Each tablet of I-Cap 
contains

Vitamin  A  6600 IU
Vitamin C 400 mg
Vitamin E 150 IU
Riboflavin (B2) 10mg
Zinc 60mg
Selenium 40ug
Copper 4mg
Manganese 10mg
Lutein/Zeaxanthin 4mg

Each tablet of B Co 
contains

Thiamine mononitrate
3mg
Riboflavin 1.5mg
Pyridoxine 0.5mg
Calciferol 250 IU
Nicotinamide 10mg



Recycling and Recycling and RedoxRedox Cycling of Vitamin E Cycling of Vitamin E 
(An (An PhenolicPhenolic Antioxidants)Antioxidants)

GPx- Se

I-CAP

N-Acetylcysteine

B-Co



ProgressProgress

Patient has rapid and substantial improvement with 
rapid drop in CRP, decreased oxygen requirement 
and clearing of lung field during three days infusion 
of high dose acetylcysteine.
N-acetycysteine was reduced to 600mg b.d. after 
three day of 100mg/Kg/day infusion and steroid was 
tailed off after short synacthen test result was 
available and inotropic agent has been weaned off.
Patient was put on elastic stocking and pneumatic 
calf compressor on admission. Prophylactic LMWH 
was given on 16/7/2009 after her mild 
thrombocytopenia had improved.



16/7/09



16/7/09



17/7/09



18/7/09



19/7/09



20/7/09

20/7/09



ProgressProgress
After stopping of N-acetylcysteine infusion, patient has 
recurrence of fever and slowly increasing oxygen 
requirement.
Initially, it is attributed to nosocomial sepsis. Central 
line was changed and sepsis workup was performed.
All cultures including CMV pp65 were negative.
Tazocin was changed to Meronam empirically on 
21/7/2009 and vancomycin was stopped on 23/7/09.
Patient has substantial deterioration on 23/7/09 
requiring PCV and FIO2 0.85. Bronchoscopy was 
performed and showed only mildly inflammed mucosa 
but no purulent sputum. Bronchoalveolar lavage only 
showed scanty growth of candida albican but WBC was 
negative. Fluconazole was added. β-1,3-D glucan
(28/7/09) was negative.



ProgressProgress

FIO2 0.5 CPAP 10 cmH2O22/7/09

FIO2 0.4 CPAP 10 cm H2O
Recurrence of fever ?  noscomial sepsis
Central line and antibiotic changed + septic workup

21/7/09

FIO2 0.35 CPAP 10 cmH2O20/7/09

FIO2 0.4 VC ventilation PEEP 12 mmHg19/7/09

FIO2 0.4 PCV PEEP 15 mmHg
Weaned off inotropic agent

18/7/09

Bronchoscopy done for increasing infiltrate
F1O2 0.85 back to PCV
Relenza, acetylcysteine and hydrocortisone restarted

23/7/2009

FIO2 0.6 PCV PEEP 18 mmHg NO weaned off17/7/09

FIO2 0.7 PCV PEEP 18 mmHg NO 20 ppm16/7/09

FIO2 1.0 PCV PEEP 18 mmHg NO 20 ppm15/7/09



ProgressProgress

High dose N-acetylcysteine was reinstituted and steroid 
was reintroduced.
Since tracheal aspirate indicated that the H1N1 2009 virus 
was  not eradicated after 8 days of high dose tamiflu
therapy, Relenza neubilization 15mg Q6H for 5 days was 
added for viral control. Daily tracheal aspirate for 
influenza virus was taken for monitoring of progress.
Patient showed rapid improvement with decrease in CRP 
and oxygen requirement. 
Viral eradication was achieved after Relenza therapy and 
there was no relapse after treatment.
This time CXR only showed slow improvement.
Patient was extubated and discharged to general ward on 
4/8/2009. She was afebrile with no leukocytosis and SpO2 
99% while on 2L of oxygen on date of discharge.



Sepsis work upSepsis work up
TA (20/7/2009)

Microscopy:
White blood cells : + (5-10/low power 
field)
Epithelial cells  : Less than 25/low 
power field
Gram Smear:  No organism seen
Culture :- Commensals only

TA (21/7/2009)
Microscopy:
White blood cells : + (5-10/low power 
field)
Epithelial cells  : Less than 25/low 
power field
Culture :- Organism 1 : Candida 
albicans (scanty growth)
AFB Smear: Negative (Concentrated 
method)
AFB Culture :-

Bronchoscopy (23/7/2009)
No purulent sputum
Inflammed mucosa

Catheter tip (21/7/2009)
Culture :- Less than 15 
C.F.U (Insignificant 
count)

CSU (20/7/09)
Microscopy:
Nothing abnormal seen

Culture :- Insignificant 
count

CMV pp65 –ve (21/07/09 )
Pneumocystis carinii
negative (15/07/09) (16/07/09) 
(17/07/09) (22/07/09)
C. difficile Cytotoxin:   
Negative (20/7/09)

Antibiotic changed to Meronam 21/7/09
Fluconazole added after on 23/7/2009



Recurrence of fever after high dose  
Acetylcysteine is taken off

N-Acetylcysteine N-Acetylcysteine

Change of central line & sepsis workup
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Summary ISummary I
The protocol of high dose N-acetylcysteine anti-
oxidant therapy was associated with rapid control of 
cytokine storm as evidence by rapid drop in CRP, 
decreased oxygen requirement and radiological 
improvement.
Symptoms would recur if high dose N-
acetylecysteine was stopped if underlying viral 
infection is not under control.
Re-institution of high dose N-acetylcysteine resulted 
in biochemical and clinical improvement. This can 
buy time for the anti-viral drug to exert its effect to 
control the underlying infection.
Serial CRP is useful during followed up of patient 
for early detection of symptomatic deterioration.



Summary IISummary II
Control of underlying viral infection is necessary to 
prevent relapse of disease after anti-oxidant therapy.
Daily monitoring of viral load in tracheal aspirate 
may detect those patient with poor response to 
Tamiflu therapy. (It is important because resistance to 
Tamiflu may occur easily by a single amino acid 
substitution e.g. H274Y mutation).
Relenza by neubilization can be delivered to the 
patient for control of infection if respond to Tamiflu
is suboptimal. Meticulous care should be taking to 
prevent loss of PEEP during neubilization in unstable 
patients.
Nosocomial or co-infection should be sought if 
patients have secondary deterioration.



Summary IIISummary III
Patient has elevated fibrinogen and factor VIII level and 
this may predispose them to the risk of deep vein 
thrombosis and embolism.
Prophylactic measures such as elastic stockings, 
pneumatic calf compressor and LMWH should be 
considered to prevent such complication.
Since IL6 is responsive for the induction of factor VIII 
and CRP synthesis, monitoring of fibrinogen level and 
CRP may be able to assess those patient at risk of 
thromboembolism. Prophylactic LMWH should be 
continued until these two parameters are under control.
The IL6 cytokine pathway may also explain why patients 
with obesity may have more severe disease and 
pulmonary embolism because of increased baseline 
secretion of IL6 induced by adiopokines.



Summary IVSummary IV

A prospective randomized control trial should be 
conducted to test the efficacy of high dose N-
acetylcysteine therapy in patient with H1N1 therapy.
This has important implication in the treatment of 
H1N1 second wave if a more malignant strain with 
high mortality has emerged after gene reassortment.
This may even has a role on the potential H5N1 
pandemic.
N-acetylcysteine can be administered as a oral form 
that can be given even as an out patient basis. This 
may have a unique role even in the third world 
where hopsital or critical facility is very limited.



Summary VSummary V

Suboptimal radiological clearing despite 
clinical improvement after the second course 
of N-acetylcysteine is expected because 
influenza virus would induce IL8 secretion 
leading to pulmonary fibrosis.
Therefore early institution of N-
acetylcysteine and more prolonged  therapy 
until viral clearing should be explored by 
study to prevent such complications.



Latest progress of patientLatest progress of patient

Patient was discharged to 
general ward on 4/8/2009. She 
was transferred to convalescent 
hospital for rehabilitation on 
14/8/09.
Latest laboratory result:

CRP 12.0 (11/8/09)  < 5.0 
mg/L
CK 30 (11/8/09) (26 – 192) 
IU/L
LDH 296 (11/8/09) (100 –
190) IU/L
Fibrinogen 3.91 (12/8/09) 
(2.00 - 4.50) g/L
D-dimer 1204 (13/8/09) (N < 
500) ng/mL CXR 13/8/09



Discussion on Salient Feature of 
H1N1 2009 Human Swine Influenza
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Salient FeaturesSalient Features

Young Age
Female

Chronic smoker
Good past health



















Any Questions ?



Salient FeaturesSalient Features

Severe ARDS
On 100% O2 PEEP 18 mmHg PCV

Nitric Oxide Therapy

Myocarditis Requiring Inotropic
agent



Patient has satisfied ARDS ECMO Patient has satisfied ARDS ECMO 
Recruitment CriteriaRecruitment Criteria

1974 – 1977 ECMO Trial
ECMO blood gas entry criteria 11% survival rate

8/90 of randomized controlled trial patients
11/84 nonrandomized patient

Fast entry criteria
PaO2 < 50 mm Hg (6.65 kPa) for at least 2 hours at FlO2 1.0 and 
PEEP of 5 cm H2O

Slow entry criteria
PaO2 < 50 mmHg  (6.65 kPa) for at least 12 hours at an FIO2 0.6 
and PEEP 5 cm H,O after 48 hours of ICU care with attention to 
all correctable problems.

Mortality rates
ARDS/ALI 35% - 40%
ARDS with ECMO criteria 66%

Kopp R, Dembinski R, Kuhlen R. Role of extracorporeal lung 
assist in the treatment of acute respiratory failure. Minerva 
Anestesiol. 2006;72(6):587-595.



Indication for ECMO for Indication for ECMO for 
Severe ARDSSevere ARDS

Acute onset pulmonary failure, with bilateral infiltrates on chest 
x-ray, and

Pa02/fraction of inspired oxygen (Fi02) ratio<100 mmHg 
(13.3 kPa) or 
A-aD02 >600mmHg (79.8 kPa) despite maximal ventilator 
settings.

Haft & Bartlett, 2007
Historically survival rates ~35%
Today survival rates increased to 52-66% with ECMO
Improved survival rates due to:

The way ECMO is administered
Improvements in supportive care of patients



Extracorporeal Membrane Oxygenation for Nonneonatal Acute Respiratory 
Failure: The Massachusetts General Hospital Experience From 1990 to 2008
Nehra, Deepika MD Arch Surg Volume 144(5), May 2009, p 427–432

Overall survival 53%



Burden of ECMO in Australia
For the first 2000 patient hospitalized patients for H1N1, 350 
required ICU admission and 21 required ECMO. That means that 
3.5% patient required ICU admission and 1% of hospital patient or 
6% of ICU patient required ECMO support.

Hospitalization 2000

ICU 350

ECMO 21

Initial 2000 hospitalized case of H1N1 2009 in Australia



Any Questions ?



Salient FeatureSalient Feature

Neutropenia
Lymphopenia

Mild thrombocytopenia
High ESR and CRP



Pathogenesis of Influenza Virus



Influenza A Virus Acce lerates Neutrophil Apoptosis and 
Markedly Potentiates Apoptotic Effects of Bacteria
[Maria Luisa Colamussi Blood, Vol. 93 No. 7 (April 1), 1999: pp. 2395-2403]

Influenza A Virus

Upregulate Fas antigen

Induction of  apoptosis

Epithelial cell apoptosis

Lymphocyte apoptosis

Neutrophil apoptosis

Reactive oxygen species

NF-ķB

Defective neutrophil and monocyte chemotactic, 
oxidative, and bacterial killing f unctions

Cytokine
Storm

TNF-alpha, 
IL-1beta, 
IL-6, and 
IL-8.



Apoptosis is the orderly process of  programmed cell death, 
by which organisms remodel their tissues. After the nucleus and the 
cell break down, debris is ingested by white blood cells.



Influenza A Virus

Upregulate Fas antigen

Induction of apoptosis

Epithelial cell apoptosis

Lymphocyte apoptosi s

Neutrophil apoptosis

Vitamin E N-Acetylcysteine

Zinc

Defective neutrophil and monocyte chemotactic, 
oxidative, and bacterial killing f unctions

Zinc suppresses caspase-3 activation



Influenza A Virus Acce lerates Neutrophil Apoptosis 
and Markedly Potentiates Apoptotic Effects of Bacteria

[Maria Luisa Colamussi Blood, Vol. 93 No. 7 (April 1), 1999: pp. 2395-2403]

Influenza A Virus infection

Induced ↑ Fas Ag
and Fas ligand on neutrophils

Upregulation of CEA-related 
antigens  CD66 & CD67

Spontaneous 
Neutrophil Apoptosis

Impaired Bacterial Clearance

Enhancement of E coli uptake 
By neutrophils

Unopsonized E coli accelerates neutrophil apoptosis in a dose-related 
and time-dependent fashion, and that the degree of neutrophil apoptosis 
is enhanced when E coli is preincubated with opsonizing antibodies. 

Potentiation



Human Lymphocyte Apoptosis after 
Exposure to Influenza A Virus

[Joan E. Journal of Virology, July 2001, p. 5921-5929, Vol. 75, No. 13]

Analysis of lymphocyte subpopulations after exposure to Influenza A virus 
showed that a portion of CD3+, CD4+, CD8+, and CD19+ lymphocytes 
became apoptotic (terminal deoxynucleotidyltransferase-mediated dUTP-
biotin nick end labeling positive). 
The percentage of cells that are infected was shown to be less than the 
percentage of apoptotic cells, suggesting that direct effects of cell infection
by the virus cannot account fully for the high level of cell death.
Removal of monocytes-macrophages after IAV exposure reduced the
percent of lymphocytes that were apoptotic. 
Treatment of virus-exposed cultures with anti-tumor necrosis factor alpha 
did not reduce the percentage of lymphocytes that were apoptotic. 
In virus-exposed cultures treated with anti-FasL antibody, recombinant 
soluble human Fas, Ac-DEVD-CHO (caspase-3 inhibitor), or Z-VAD-FMK 
(general caspase inhibitor), apoptosis and production of the active form of 
caspase-3 was reduced. The apoptotic cells were Fas-high-density cells 
while the nonapoptotic cells expressed a low density of Fas. The present 
studies showed that Fas-FasL signaling plays a major role in the induction 
of apoptosis in lymphocytes after exposure to IAV.



Common Anti-oxidant of the Body

Anti-oxidant

Lipophilic Hydrophilic

Intracellular Extracellular

Vit E

Prevent Membrane 
Lipid Peroxidation

Vit C Zn

GSH

Metal ion 
sequestration 
systems

Antioxidant 
scavenging 
enzymes

Chain breaking 
anti-oxidant

Regeneration



The Role of NThe Role of N--AcetylcysteineAcetylcysteine on on 
the pathogenesis of Influenza virus the pathogenesis of Influenza virus 

infectioninfection

Dr. Lai Kang Yiu
Intensive Care Unit

Queen Elizabeth Hospital

















TLR signaling pathways 
Kiyoshi Takeda, Shizuo Akira Seminars in Immunology 16 (2004) 3–9

Differential Role of TLR- and RLR-Signaling in the Immune Responses to Influenza A Virus Infection and Vaccination
Shohei Koyama The Journal of Immunology, 2007, 179, 4711 -4720 

Innate & adaptive
Immune response

Cytokine
Storm

Cytokine
Storm



Cutting Edge: Influenza A Virus Activates TLR3-Dependent Inflammatory and 
RIG-I-Dependent Antiviral Responses in Human Lung Epithelial Cells

Ronan Le Goffic The Journal of Immunology, 2007, 178: 3368-3372.









Expression of IL-6, IL-8, and RANTES on human bronchial 
epithelial cells, NCI-H292, induced by influenza virus A.

Matsukura S, Kokubu F, Noda H, Tokunaga H, Adachi M J Allergy Clin Immunol. 1996 Dec;98(6 Pt 1):1080-7

Influenza Infection

Bronchial 
epithelium

IL6 IL8 RANTES/CCL5

ChemotaxisCytokine storm Leukocyte 
recruitment

Eosinophil
Basophil

NK cell activation
And proliferation

Chemotactic cytokine

CHAK (CC-
Chemokine-activated 
killer) cells 

? Pulmonary
fibrosis









T4 lymphocytes (helper cells) and T8 lymphocytes (cytotoxic and suppressor cells )







Why High Dose NWhy High Dose N--AcetylcysteineAcetylcysteine ??
(a) Animal study on survival on mice(a) Animal study on survival on mice
(b) Elevate GSH level in ELF of LRT(b) Elevate GSH level in ELF of LRT
Supplement GSH in the epithelial lining f luid (ELF) 
of the lower respiratory tract to prevent 
inactivation of  anti-protease by reactive oxyg en 
species generated by inf luenza and secondary 
bacterial infection.
The presence of  anti-protease can preven t the 
amplified proteolytic cleavage activation of  
haemagglutinin of newly released inf luenza virus 
in the in the epithelial lining fluid (ELF) of the lower 
respiratory tract.









Role of anti-oxidant N-acetylcysteine in preventing 
cleavage activation of haemagglutinin epithelial 
lining fluid (ELF) of the lower respi ratory tract



The The dorminantdorminant antianti--oxidant molecule both oxidant molecule both 
intracellular and in the epithelial lining intracellular and in the epithelial lining 
fluid of the lower respiratory tract is fluid of the lower respiratory tract is GSHGSH. . 
èè Intracellular and Intracellular and extracelluarextracelluar soluble soluble 
antianti--oxiantoxiant
In the lung, GSH is present in high concentrations in 
the epithelial lining fluid (ELF) of the lower 
respiratory tract, with normal levels in human more 
than 50- 150 fold greater than in the plasma. Human 
ELF contain all elements of the redox cycle of the 
GSH system including glutathione peroxidase and 
glutathione reductase.è





Influenza virus hemagglutinin required cleavage 
into HA1, HA2 during activation
HA is synthesised in the rough endoplasmic 
reticulum, and is transported to the cell surface via 
the Golgi apparatus. HA is synthesised as a 
precursor molecule (HA0), which undergoes 
proteolytic processing into two subunits (HA1 and 
HA2), which are held together by disulphide 
bonds)

Cleavage of HA0 to HA1 and HA2







If the noninfectiou s HAO form of the virus is released 
from cells without being cleav ed, extracellular
proteases present in pulmonary surfactant can 
proteolytically cleave this protein (Kido et al. 1993). 
As a protective mechanism, anti-proteases are present 
on the surface of alveoli. However, the anti -proteases 
can be inactivated by ROS. In this regard, it is 
important to note that during lung infla mmation 
phagocytes increase in number and produc e ROS 
(McCusker 1992).

In vitro study sho wed that oxidant-
treated anti-protease is unable to p revent 
trypsin from cleaving HAO to HA1/HA2, 
resulting in a 10,0 00-fold increase in 
infectious virus  (Hennet et al. 1992a).



Reactive 
Oxygen 
Species

Cleavage
Activation of 
Haemagglutinin
By protease

Anti-protease
inactivated

Role of anti-oxidant glutathione (GSH) in the epithelial 
lining fluid (ELF) of the lower respiratory tract

GSH



N-acetylcysteine given by mouth is rapidly 
deacetylated to cysteine, with resulting 
increases in the concentrations of cysteine in 
plasma and of reduced glutathi one in plasma 
and the airways
Cysteine and glutathione concentrations in plasma and bronchoalveolar lavage fluid after treatment with 
N-acetylcysteine Bridgman MME, Marsden M, MacNee W, Flenley DC, Ryle P. Thorax 46:39-42 (1991).

However when given at 600mg t.d.s, N-
acetyl cysteine does not produce a sustained 
increase in glutathione levels sufficient to 
increase the antioxidant capacity of the lungs.
Effect of N-acetyl cysteine on the concentrations of thiols in plasma, bronchoalveolar
lavage fluid, and lung tissue. M M Bridgeman Thorax 1994;49:670-675



The Important Role of SeleniumThe Important Role of Selenium

Selenium (Se) is require d for the activity of  GPx
(Se-GPx), the enzyme catalysing rate limiting step 
in the anti-oxidant effect of glutathione and 
protection against lipoperoxidation . The presence 
of selenocysteine, rather than cysteine, in the 
active site of an enzyme increases enzyme activity 
100- to 1,000-fold.
Selenium deficiency has also been shown to 
increase the M matrix protein mutation in animal 
study.



Influenza A Virus

Reactive oxygen species

NF-ķB

N-Acetylcysteine Zinc

Vitamin E Vitamin C

Cytokine
Storm

TNF-alpha, IL-1beta, IL-6, and IL-8.

Se
Prevent
M1 mutationSe-Px

ReRe--epithelializationepithelialization
of Respiratory of Respiratory 
Epithelium After Epithelium After 
DamageDamage



Selenium deficiency 
increase mutation in gene f or the M1 matrix protein
increase pro-inflammatory cytokines/chemokines
suppress anti -inflammatory cytokines 
shift from a TH1 respo nse to a TH2 response



GSH

GSSH

NADP

NADPH

Dihydroascorbate

Ascorbic Acid
Glutathione Peroxidase

Se-GPx
Glutathione Reductase

GR

Selenium (Se) is require d for the activity of  GPx (Se-GPx),
providing protection against lipoperoxidation . The presence 
of selenocysteine, rather than cysteine, in the active site of  
an enzyme increases en zyme activity 100- to 1,000-fold.



Selenium Deficiency and Viral Infection Selenium Deficiency and Viral Infection 
Melinda A. Beck Orville A. Levander and Jean HandySupplement: 11th International Symposium on Trace Elements 
in Man and Animals The American Society for Nutritional Sciences J. Nutr. 133:1463S-1467S, May 2003
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Selenium deficiency increases lung pathology in 
influenza-infected mice
Selenium deficiency induces changes in cellular 
phenotype of  lung infiltrating cells.
Selenium deficiency has no ef fect on viral titers
Selenium deficiency has no ef fect on antibody response
Selenium deficiency alters cytokine and chemokine
expression

it was associated with an increase in the mRNA expression of 
proinflammatory cytokines and chemokines and a 
decrease in the expression of antiinflammatory
cytokines. 
the immune response in the infected lung tissue was shifted 
away from a TH1 response to a TH2 response in the 
Se-deficient mice.

Selenium deficiency increases the pathology 
of an influenza virus infection
MELINDA A. BECK, HEATHER K. NELSON, QING SHI , PETER VAN DAEL , EDUARDO J. SCHIFFRIN , STEPHANIE BLUM , DENIS 
BARCLAY  and ORVILLE A. LEVANDER The FASEB Journal. 2001;15:1481-1483. 



Selenium deficiency increases the pathology 
of an influenza virus infection
MELINDA A. BECK, HEATHER K. NELSON, QING SHI , PETER VAN DAEL , EDUARDO J. SCHIFFRIN , 
STEPHANIE BLUM , DENIS BARCLAY  and ORVILLE A. LEVANDER The FASEB Journal. 2001;15:1481-1483. 



Vitamin CVitamin C
NNatural water soluble antiatural water soluble anti--oxidantoxidant

Important role for regeneration of Vi tamin E
Dehydroascorbic acid inhibit NFķβ activation
Protect the neutrophil and surrounding tissue 
from oxidative damage

When exposed to bacteria, neutrophils oxidize extracellular
ascorbic acid to form dehydroascorbic acid, which is 
transported into the neutrophil and rapidly reduced to 
ascorbic acid by the glutathione-reductase pathway. As a 
result of this recycling of extracellular ascorbic acid, the 
neutrophil internal concentration of ascorbic acid increases 
10-fold. Ascorbic acid may quench oxidants generated 
during phagocytosis and, thus, protect the neutrophil and 
surrounding tissues from oxidative damage.



Dehydroascorbic acid

Ascorbic acid

Reactive Oxygen Species

Both enzyme inhibited by
dehydroascorbic acid but 
not by ascorbic acid

Role of dehydroascorbic acid in 
inhibition of NFķβ activation



Influenza A Virus

Reactive oxygen species

NF-ķB

Vitamin E Zinc

N-acetylcysteine

Cytokine
Storm

TNF-alpha, IL-1beta, IL-6, and IL-8.

Anti-oxidant Vitamin E zinc 
and N-acetylcysteine can 
inhibit influenza and TNF 
induced NF-kB activation

Dehydroascorbic acid 
(DHA) generated after 
oxidation of ascorbic acid by 
ROS directly inhibits I B  
kinase ß (IKKß) and IKK  
enzymatic activity resulting 
in inhibition of NF- B 
activation

Vitamin C Is a Vitamin C Is a KinaseKinase Inhibitor: Inhibitor: DehydroascorbicDehydroascorbic Acid Inhibits I B  Acid Inhibits I B  KinaseKinase ßß
Juan M. Molecular and Cellular Biology, August 2004, p. 6645Juan M. Molecular and Cellular Biology, August 2004, p. 6645--6652, Vol. 24, No. 156652, Vol. 24, No. 15



Recycling and Recycling and RedoxRedox Cycling of Vitamin E Cycling of Vitamin E 
(An (An PhenolicPhenolic Antioxidants)Antioxidants)

GPx- Se

I-CAP

N-Acetylcysteine

B-Co



When exposed to bacteria, neutrophils oxidize extracellular ascorbic acid to form 
dehydroascorbic acid, which is transported into the neutrophil and rapidly reduced 
to ascorbic acid by the protein glutaredoxin. As a result of this recycling of 
extracellular ascorbic acid, the neutrophil internal concentration of ascorbic acid 
increases 10-fold. Ascorbic acid may quench oxidants generated during 
phagocytosis and, thus, protect the neutrophil and surrounding tissues from 
oxidative damage 



Salient Features
The antibody against inf luenza A:

320 (15/7/09) 640(21/7/09)
The recovery of  the patient is coincided with an 

improvement in lymphocyte count.

This indicated that the deterioration of the 
patient is not due to inability to mount an 
adequate B cell response.
Most likely the recovery of the patient was 
hindered by inability to mount adequate T cell 
due to CD95 FAS ligant induced apoptosis of 
lymphocyte. T cell response can be improved 
by both acetylcysteine and vitamin E
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Influenza A Virus Acce lerates Neutrophil Apoptosis and 
Markedly Potentiates Apoptotic Effects of Bacteria
[Maria Luisa Colamussi Blood, Vol. 93 No. 7 (April 1), 1999: pp. 2395-2403]

Influenza A Virus

Upregulate Fas antigen

Induction of  apoptosis

Epithelial cell apoptosis

Lymphocyte apoptosis

Neutrophil apoptosis

Reactive oxygen species

NF-ķB

Defective neutrophil and monocyte chemotactic, 
oxidative, and bacterial killing f unctions

Cytokine
Storm

TNF-alpha, 
IL-1beta, 
IL-6, and 
IL-8.



T4 lymphocytes (helper cells) and T8 lymphocytes (cytotoxic and suppressor cells )



Apoptosis



FasFas and and FasFas--L PathwayL Pathway



Vitamin EVitamin E

Lipid soluble anti-oxidant
Anti-Inflammation
Inhibits smooth-muscle cell proliferation 
stimulated or mediated by PDGF, endothelin, 
interleukin-1, and LDL.
Inhibit platelet aggregation and/or adhesion, 
reduce thromboxane A2 synthesis, and 
increase prostacyclin synthesis. 
Reduce collagen formation during wound 
healing



Anti-oxidant Action of Vitamin E

Removal of a singlet oxygen and chain-
breaking action in lipid photo-oxidation



Vitamin E and NAC Role in Preventing Vitamin E and NAC Role in Preventing 
CD 95 CD 95 ligandligand Programmed Cell DeathProgrammed Cell Death

Vitamin E inhibits CD95 (APO-1/Fas) ligand
(CD95L) expression and protects T cells from 
activation-induced cell death (AICD). 

Vitamin E suppresses CD95L promoter activity 
by downregulation of transcriptional activity of 
NF-[kappa]B and AP-1 and, consequently, 
downregulates CD95L mRNA expression and 
CD95-mediated AICD. 

The antioxidants N-acetyl-cysteine abolished Fas-
induced cell death

(International Immunology. 9(1):117-25, 1997 
Jan. Deas O. )





Necrotic cells and their organelles are 
characteristically swollen. There is early 
membrane damage with eventual loss of 
plasma membrane integrity and leakage 
of cytosol into extracellular space. 
Despite early clumping, the nuclear 
chromatin undergoes lysis (karyolysis). 

Cell shrinkage, nuclear 
condensation, membrane 
blebbing, fragmentation into 
membrane bound apoptotic 
bodies, and membrane changes 
that eventually lead to 
phagocytosis of the affected cell 



Role of ZincRole of Zinc

Anti-oxidant to suppress NF -ķβ
Improve innate (αIF and IL2) and adapti ve 

T cell response
Shift  from Th2 to Th1 response
Prevent apoptosis of respi ratory epithelium
Enhance re-epithelialization of respiratory 

epithelium



Zinc Deficiency
Acrodermatitis Enteropathica



Zinc preparation in i-CAP



Normal Serum Zn levelNormal Serum Zn level

Zinc is predominately (95%) found in muscle, bone, 
skin, and hair. Only 5% is labile and accessible in 
the liver and plasma. The concentration of zinc in 
tissues, such as muscle and liver is approximately 
50 times greater than that of plasma. 
The mean plasma zinc concentration in adult 
humans is approximately 100 µg/dL and constitutes 
<0.2% of total body zinc content. Plasma zinc is 
99% bound to albumin (80%), [alpha]-2 
macroglobulin (15%), and other low-molecular-
weight proteins. 
Erythrocyte and leukocyte concentra tions of zinc
may provide more reliable measures in patients with 
systemic inflammatory response. 



SSuperoxideuperoxide dismutasedismutase enzymesenzymes

Antioxidant 
Enzymes

Glutathione 
Peroxidase

Superoxide
Dismutase
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Catalase

Cytoplasmic
Cu/Zn-SOD

Mitochondrial
Mn-SOD

Extracellular
matrix



Influenza A Virus

Reactive oxygen species

NF-ķB

Vitamin E Zinc

N-acetylcysteine

Cytokine
Storm

TNF-alpha, IL-1beta, IL-6, and IL-8.

Anti-oxidant Vitamin E zinc 
and N-acetylcysteine can 
inhibit influenza and TNF 
induced NF-kB activation

Zn is able to inhibit NF- ķβ
activation by blocking the 
phosphorylation and 
degradation of the inhibitory 
proteins [IOTA] ķβ and its 
multisubunit [IOTA] ķβ kinase, 
essential reactions required for 
the activation of NFķβ.



ZincZinc’’s Role in Immune Systems Role in Immune System

Zinc plays a central role in the immune 
system, and deficiency affects immune 
function at many levels, both innate and 
specific. 
Cell-mediated immunity is profoundly 
affected in zinc deficiency. Lymphopenia, 
lymphoid atrophy, defects in specific T- and 
B-lymphocyte function, and impaired 
phagocytosis have all been described 



Zinc in Innate Immune ResponseZinc in Innate Immune Response

Zinc induces IFN-[alpha] levels and IL-2 production and 
is essential to IL-2-mediated T-cell activation. 
Zinc is a cofactor for calcineurin (an important component 
of the T cell receptor pathway) and many transcription 
factors, some of which activate IL-2 promoter.
In zinc deficiency, activity of serum thymulin (a thymus 
specific hormone involved in T cell function) is also 
decreased, and lytic activity of natural killer cells and the 
percentage of precursors of cytolytic T cells is decreased.
Thymulin promotes T-cell function, including suppressor 
function and interleukin-2 production. Zinc 
supplementation in elderly has led to improved cell-
mediated immune response due to restoration of thymulin
activity. 



Zinc and Adaptive Immune ResponseZinc and Adaptive Immune Response

Zinc deficiency in humans has been associated with 
the atrophy of lymphoid tissue, reduced antibody 
response to thymus-dependent antigens, loss of 
cytotoxic T-lymphocyte responses to tumor cells, 
and loss of natural killer cell function.
A switch from an initial Th1 to Th2 immune 
response occurs in Zn deficiency and can be 
reversed when patients are treated with Zn 
supplements. 

Zinc and immune f unction: the biological basis of  altered 
resistance to infection AH Shankar and AS Prasad 
American Journal of  Clinical Nutrition, Vol 68, 447S-463S, 
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Necrotic cells and their organelles are 
characteristically swollen. There is early 
membrane damage with eventual loss of 
plasma membrane integrity and leakage 
of cytosol into extracellular space. 
Despite early clumping, the nuclear 
chromatin undergoes lysis (karyolysis). 

Cell shrinkage, nuclear 
condensation, membrane 
blebbing, fragmentation into 
membrane bound apoptotic 
bodies, and membrane changes 
that eventually lead to 
phagocytosis of the affected cell 



Zinc and Apoptosis of Zinc and Apoptosis of 
Respiratory Epithelial CellRespiratory Epithelial Cell
Zinc suppresses caspase-3 activation and apoptosis 
in respiratory epithelial cells.
The inhibitory effects of Zn in apoptosis is thought 
to act at multiple sites by:

(1) inhibiting endonucleases responsible for DNA 
fragmentation; 
(2) inhibiting the activation of caspase-3 and 6, the major 
executioner caspases; and 
(3) increasing the increasing the B cell lymphoma-2 (Bcl-
2)/Bax ratio(Bcl-2 to Bax ratio), thereby increasing the 
resistance of cells to apoptosis.. CAD, calcium activated 
DNase; P21, p21waf1/cip1 protein; Ps flip, phosphatidyl-
serine flip.



ReRe--epithelializationepithelialization of Respiratory of Respiratory 
Epithelium After DamageEpithelium After Damage

After an insult, the respiratory epithelium initiates a 
tissue-healing process that involves the rapid re-
epithelialization of the denuded area. Restoration of 
the integrity of the epithelium is via the 
dedifferentiation, spread, and rapid migration of the 
remaining viable epithelial cells found at the edge of 
the wound over the denuded basement membrane.
This re-epithelization process in the respiratory 
epithelium is thought to be zinc dependent and was 
controlled by the upregulation of Zn dependent 
metalloproteinases (e.g. MMP-9 and MMP-3). 



Important in Controlling Important in Controlling 
Bacterial SepsisBacterial Sepsis

Bacterial co-infection can increase 
natural mortality rate 10x









H1N1 2009 PandemicH1N1 2009 Pandemic
Severe ARDSSevere ARDS

Risk of Pulmonary Embolism



Salient FeaturesSalient Features

Both ESR and CRP are elevated in H1N1 
2009 HIS pneumonia

CRP induced by IL-6 correlate with clinical 
deterioration and improvement on a day to 

day basis.
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Change central line and antibiotics
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Hyperfibrinogenaemia will elevate ESR result



Any condition that elevates fibrinogen (e.g., pregnancy, diabetes mellitus, 
end-stage renal failure, heart disease, collagen vascular diseases, 
malignancy) may also elevate the ESR. 



Acute Phase ProteinsAcute Phase Proteins

Inflammation or sepsis
Neutrophils & Macrophage Activated

IL-1, IL-6 and IL-8, and TNF-α

Liver

Acute Phase Proteins



Expression of IL-6, IL-8, and RANTES on human bronchial 
epithelial cells, NCI-H292, induced by influenza virus A.

Matsukura S, Kokubu F, Noda H, Tokunaga H, Adachi M J Allergy Clin Immunol. 1996 Dec;98(6 Pt 1):1080-7
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Salient FeaturesSalient Features

Hyperfibriongenaemia
Factor VIII:C assay  159   %   (4/8/2009)

? Enhanced risk of thromboembolism
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Prevention of Pulmonary Prevention of Pulmonary 
EmbolismEmbolism

Elastic Stocking
Pneumatic calf compression

LMWH prophylaxis



DVT ProphylaxisDVT Prophylaxis

Patient on elastic stocking on 
admission
Patient was put on LMWH fraxiparine
on 16/7/2009 when platelet count 
increased to > 100 x 10 9/L



5/10 of ventilated patient 
has pulmonary embolism





Bind hemoglobin, inhibiting microbe iron uptakeHaptoglobin

Oxidizes iron, facilitating for ferritin, inhibiting microbe 
iron uptake

Ceruloplasmin

Orosomucoid (Alpha-1-acid 
glycoprotein, AGP)

Recruitment of immune cells to inflammatory sites 
•induction of enzymes that degrade extracellular matrix

Serum amyloid A

Serum amyloid P component
Binding iron, inhibiting microbe iron uptakeFerritin
Complement systemComplement factors

Coagulation FactorsFibrinogen, prothrombin
factor VIII, von Willebrand
factor, plasminogen

Inhibitor of coagulation by inhibiting thrombin
Inhibitor of fibrinolysis by inhibiting plasmin

Alpha 2-macroglobulin
Serpin, downregulates inflammationAlpha 1-antichymotrypsin
Serpin, downregulates inflammationAlpha 1-antitrypsin
Mannan-binding lectin pathwayMannose-binding protein
Fibrin degradation productD-dimer protein
Opsonin on microbesC-reactive protein

Immune system functionAcute Phase Protein

Acute Phase Proteins



The Leiden Thrombophilia Study reported a 
nonsignificant fourfold increase in deep vein 
thrombosis risk in those with plasma f ibrinogen 
levels greater than 500 mg/dL
Factor VII and fibrinogen levels as risk factors for venous thrombosis. A case-control study of plasma levels and DNA 
polymorphisms—the Leiden Thrombophilia Study (LETS). Koster T, Rosendaal FR, Reitsma PH, et al. Thromb Haemost 1994;71:719-22.

An elevated plasma fibrinogen level has been 
reported to be associated with an increased 
risk of venous thromboembolism in a few 
1,2,3 but not all case-control studies 4

1. Koster T, Rosendaal FR, Reitsma PH, et al. Factor VII and fibrinogen levels as risk factors for venous thrombosis. A case-control study of 
plasma levels and DNA polymorphisms—the Leiden Thrombophilia Study (LETS). Thromb Haemost 1994;71:719-22.
2. Jude B, Amrouni N, Deguine I, et al. Coupled D dimer and fibrinogen levels during thrombolytic therapy of venous thromboembolism. 
Thromb Res 1992;65:457-62. 
3. Haverkate F, Samama M. Familial dysfibrinogenemia and thrombophilia. Report on a study of the SSC Subcommittee on Fibrinogen. 
Thromb Haemost 1995;73:151-61. 
4. Lowe G, Woodward M, Vessey M, et al. Thrombotic variables and risk of idiopathic venous thromboembolism in women aged 45-64 years. 
Relationships to hormone replacement therapy. Thromb Haemost 2000;83:530-5. Abstract
13. Austin H, Hooper WC, Lally C, et al. Venous thrombosis in relation to fibrinogen and factor VII genes among African-Americans. J Clin 
Epidemiol 2000;53:997-1001. 



Expression of IL-6, IL-8, and RANTES on human bronchial 
epithelial cells, NCI-H292, induced by influenza virus A.

Matsukura S, Kokubu F, Noda H, Tokunaga H, Adachi M J Allergy Clin Immunol. 1996 Dec;98(6 Pt 1):1080-7
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Pathways by which ILPathways by which IL--6 contributes 6 contributes 
towards towards haemostasishaemostasis –– an overviewan overview

Kerr: Br J Kerr: Br J HaematolHaematol, Volume 115(1).October 2001.3, Volume 115(1).October 2001.3--1212

IL6

Monocyte Liver

Tissue 
factor
(VIIa)

vWF Fibrinogen Platelet 
activation

CRP FVIII

75X

IL-1 and IL-2 did not significantly affect 
factor VIII gene transcription
NFķB and C/EBP  is necessary for 
increased factor VIII mRNA transcription  

6-9x ↑

InhibitInhibit Anti-thrombin IIIProtein S

＋



ThrombophiliaThrombophilia in H1N1in H1N1

H1N1 Infection

Acute phase protein

Hyperfibrinogenaemia

Increase blood viscosity

Enhance platelet aggregation

Increase size of the thrombus

CRP +/- FVIII

Tissue 
Factor





Fat poetry: a kingdom for PPAR 
Silvia I Anghel1 and Walter Wahli Cell Research (2007) 17:486–511



Schematic representation of the cell types that constitute the adipose tissue and 
the adipokines, chemokines and vascular proteins secreted by each cell type, as 
well as their beneficial and deleterious effects on whole-body homeostasis.
Fat poetry: a kingdom for PPAR Silvia I Anghel1 and Walter Wahli Cell Research (2007) 17:486–511



Haemostatic Abnormality In Obesity



NN--AcetylcysteineAcetylcysteine-- AntithromboticAntithrombotic

N-Acetylcysteine also inhibits monocytic cell adhesion to 
endothelial cells by inhibition of cytokine-induced E-
selectin and VCAM-1 expression.
N-acetylcysteine reduces lipopolysaccharide-stimulated pro-
coagulant activity in macrophages. 
N-acetyl-L-cysteine exerts a direct anti-aggregating effect 
on human platelet by protecting platelet NO from 
oxidation leading to an increased in bioavailability of 
platelet NO. Intracellular thio pool enhancing synthesis of 
S-nitrosothiols, thereby limiting oxidative inactivation of 
NO. Endothelial NO limits platelet activation, adhesion, 
and aggregation. Platelet-derived NO pool limits recruitment 
of platelets to the platelet-rich thrombus. 



Any Questions ?


