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Unfortunate Singaporean mother 
•  39 year old woman 
•  No past medical history, no travel 
•  Presented to hospital with a one week history of 

worsening productive cough, dyspnea, chest pain, 
fever and multiple episodes of non-bloody diarrhea 

•  Examination; BP 90/50, HR 120, T 39C, in respiratory 
distress, with lung crackles and left sided bronchial 
breath sounds 



In ED 

•  Collapsed 
•  Intubated 
•  Resuscitated 
•  Augmentin +  
•  Ceftazidime 



Initial labs 



PEA Collapse again in MICU 

•  No response to 
HFOV 

•  Placed on V-V 
ECLCS 

•  V-Fib after femoral 
cannulation 





Lab Results 



Unable to wean 
off ECLCS 



21 June: both pupils fixed and dilated 



often…  
ECMO 
does work  
 



History of 
antiviral 
drugs 
approved 
between 
January 
1959 and 
April 2016.  

Erik De Clercq, and Guangdi Li Clin. Microbiol. Rev. 
2016;29:695-747 



Virus family, 
morphology, 
and 
transmission of 
HIV, HBV, HCV, 
HSV, HCMV, 
HPV, RSV, VZV, 
and influenza 
virus.  

Erik De Clercq, and Guangdi Li Clin. Microbiol. Rev. 
2016;29:695-747 



Antiviral 
drug groups 
for the 
treatment of 
9 infectious 
diseases.  

Erik De Clercq, and Guangdi Li Clin. Microbiol. Rev. 
2016;29:695-747 



Mechanisms 
of drug 
actions 
during the 
viral life 
cycle.  

Erik De Clercq, and Guangdi Li Clin. Microbiol. Rev. 
2016;29:695-747 



Influenza 

http://www.northwestern.edu/neurobiology/faculty/pinto2/pinto_1big.jpg 

M2 ion channel blockers 

Neuraminidase inhibitors 



Flu treatment  
has a  
chequered  
history.. 



Existing antivirals 

•  M2 ion channel blockers: 
– Amantadine 
– Rimantadine 

•  Neuraminidase inhibitors: 
– Oseltamivir 
– Zanamivir 
–  (Peramivir) + (Favipiravir) 



Proc Natl Acad Sci U S A. 2002 Oct 15;99(21):13849-54 



M2 ion channel blockers 

•  Years of experience with amantadine, rimantadine 
•  Effective in treatment also limited efficacy in 

prophylaxis 
•  Occasional neurotoxicity 
•  Problem is resistance 





 Figure 2. Chemical structures of Neu5Ac2en and the currently approved NA inhibitors. The structural base designed NA inhibitors 
were developed based on Neu5Ac2en, a transition state analog of sialic acid with different modifications at C4 and C6. To further 
im... 

Hui-Ling Yen 
 Current and novel antiviral strategies for influenza 
infection 

Current Opinion in Virology, Volume 18, 2016, 126–134 
http://dx.doi.org/10.1016/j.coviro.2016.05.004 

NA 
Inhibitors 





Oseltamivir vs Influenza 

Nicholson et al. Lancet 2000;355:1845-50 

Regular
Flu



Moscona A. N Engl J Med 2005;353:1363-1373 

Selected Treatment Trials of Neuraminidase Inhibitors 



Copyright restrictions may apply.

Lalezari, J. et al. Arch Intern Med 2001;161:212-217. 

Zanamivir in Influenza in high risk individuals 



Oseltamivir 
•  Trials data: 849 patients: 1.3 day reduction in duration. 
“It is my opinion that a one-day reduction in the duration of 

moderate-to-severe symptoms, including fever, is likely to be of 
clinical importance to many individuals. However, it is 
ultimately the judgement of the healthcare provider whether use 
of the product, given the expectation of a modest treatment 
benefit, is appropriate and indicated for a given patient's 
circumstance. Because influenza symptoms are self-limited in 
the majority of individuals, it is anticipated that many persons 
with influenza will neither require, nor desire treatment with 
antiviral medication.” 

http://www.fda.gov/cder/drug/infopage/tamiflu/directormemo.htm 

Regular
Flu



Health Technol Assess. 2016 May;20(42):1-242. doi: 10.3310/hta20420. 

NIHR Health technology assessment 



Health Technol Assess. 2016  
May;20(42):1-242. doi: 10.3310/hta20420. 

A thorough 
review 



Health Technol Assess. 2016 May;20(42):1-242. doi: 10.3310/hta20420. 

Prevention of pneumonia 



Health Technol Assess. 2016 May;20(42):1-242. doi: 10.3310/hta20420. 

Neuropsychiatric side effects 





Copyright restrictions may apply.

Hatakeyama, S. et al. JAMA 2007;297:1435-1442. 

Locations of Mutations on the 3-Dimensional 
Structure of Neuraminidase 





de Jong, M. D. et al. N Engl J Med 2005;353:2667-2672 

Oseltamivir Resistant H5N1 influenza in Vietnam 

Avian
Flu



http://www.zuelligpharma.com/ip/ip_4_7_ims_singapore.html 
http://www.imshealthasia.com/1311.html 

Panic…. 



It turned out to be swine flu not bird flu… 











Moscona A. N Engl J Med 2005;353:1363-1373 

Selected Trials of Prophylaxis with the Use of 
Neuraminidase Inhibitors 





Ring 
prophylaxis 
worked 
for  
smallpox 



Original Article  
Oseltamivir Ring Prophylaxis for Containment of 

2009 H1N1 Influenza Outbreaks 

Vernon J. Lee, M.B., B.S., M.P.H., Jonathan Yap, M.B., B.S., Alex R. Cook, Ph.D., 
Mark I. Chen, M.B., B.S., Ph.D., Joshua K. Tay, M.B., B.S., Boon Huan Tan, Ph.D., Jin 
Phang Loh, M.Sc., Seok Wei Chew, B.Sc., Wee Hong Koh, B.Sc., Raymond Lin, M.B., 
B.S., Lin Cui, Ph.D., Charlie W.H. Lee, M.Sc., Wing-Kin Sung, Ph.D., Christopher W. 
Wong, Ph.D., Martin L. Hibberd, Ph.D., Wee Lee Kang, M.B., B.S., M.Med., Benjamin 

Seet, M.B., B.S., M.P.H., and Paul A. Tambyah, M.D. 

N Engl J Med 
Volume 362(23):2166-2174 

June 10, 2010 



Summary of the Four Outbreaks of 2009 H1N1 Influenza and Efficacy of Oseltamivir Prophylaxis 
and Other Interventions 

Lee VJ et al. N Engl J Med 2010;362:2166-2174 



Timing of Events and Cases during Outbreak 1, According to Date of Onset of Influenza 

Lee VJ et al. N Engl J Med 2010;362:2166-2174 



Epidemiologic Data and Model Projections for Outbreak 4, According to Date of Onset of Influenza 

Lee VJ et al. N Engl J Med 2010;362:2166-2174 



Phylogenetic Relationships among the Viruses Identified during the Four Outbreaks with the Use 
of Whole-Genome Sequencing 

Lee VJ et al. N Engl J Med 2010;362:2166-2174 



Side Effects of Oseltamivir Prophylaxis 

Lee VJ et al. N Engl J Med 2010;362:2166-2174 



Conclusion 

•  Oseltamivir ring chemoprophylaxis, together with prompt identification and 
isolation of infected personnel, was effective in reducing the impact of 
outbreaks of 2009 H1N1 influenza in semiclosed settings 





Combinations??? 

•  Oseltamivir and Amantadine 
– More effective in combo than alone, no emergence of 

resistance 
•  Gourokova et al Antivir Ther. 2007;12(3):363-70 

•  Oseltamivir and Ribavirin 
– More effective in combo 

•  Smee DF et al Antivir Chem Chemother. 2006;17(4):185-92. 

•  Both in Mouse models 







Hui-Ling Yen 
 Current and novel antiviral strategies for influenza 
infection 

Current Opinion in Virology, Volume 18, 2016, 126–134 
http://dx.doi.org/10.1016/j.coviro.2016.05.004 

RNA 
Polymerase 
Inhibitors 

 Figure 3. Nucleoside analogs that inhibit RNA-dependent RNA polymerase. Favipiravir and ribavirin are nucleoside analogs that 
shown broad-spectrum inhibitory activity for multiple RNA viruses. 



Hui-Ling Yen 
 Current and novel antiviral strategies for influenza 
infection 

Current Opinion in Virology, Volume 18, 2016, 126–134 
http://dx.doi.org/10.1016/j.coviro.2016.05.004 

NP active 
compounds 

 Figure 4. Inhibitors that interfere NP–NP or NP–RNA interactions. Nucleozin and RK424 were identified via high-throughput screening; naproxen that inhibits 
cyclooxygenase I and II were identified through virtual screening. 



Hui-Ling Yen 
 Current and novel antiviral strategies for influenza 
infection 

Current Opinion in Virology, Volume 18, 2016, 126–134 
http://dx.doi.org/10.1016/j.coviro.2016.05.004 

PB2/PA 
 active 
compounds 

 Figure 5. Small molecules that inhibits PB2 cap-binding and PA endonuclease activity. 







http://www.dealstreetasia.com/stories/temaseks-deal-spree-in-october-3-and-counting-323/ 







Compliance 
is an issue 





 
Flu spreads fast 
The time for antivirals 
is short 
 
1957 “Asian Flu” 
Dr Lim Kok Ann 





ST May 3, 1957 

May 6, 1957 



May 7 













May 21 
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