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•  Neuraminidase	  inhibitors	  &	  limita7ons	  
•  Need	  for	  new	  an7viral	  therapy	  
•  Role	  of	  immuno-‐modula7ng	  agents	  with	  highlights	  on	  

cau7on	  with	  steroid,	  NSAID+	  macrolide,	  etc.	  
•  ARDS	  treatment	  including	  role	  of	  noninvasive	  ven7la7on,	  

ECMO,	  prone	  ven7la7on,	  low	  7dal	  vol,	  etc.	  
•  Infec7on	  control	  and	  preven7on	  measures	  during	  aerosol-‐

genera7ng	  procedures	  
•  Pneumococcal	  vaccines	  



 
N=2649 adults hospitalized with influenza in HK, Singapore & Beijing in 2008-2011 

Flu A/H3N2 (>45.8%), Flu B (11.1%), A(H1N1)pdm09 (36.3%) 
NAI reduced risk of deaths in adults hospitalized with influenza, adj HR 0.28, 95% CI 0.19–0.43 

	  
	  

                     

Best survival when NAI started ⩽2 days (adj HR 0.20, 95% CI 0.12-0.32), & still 
beneficial starting within 3-5 days (adj HR 0.35, 95% CI 0.21-0.58). Lee N, et al. ERJ 2015 

 
 

NAI ↓ hospital fatality 
rates 7.6% à 5.3%, 
p=0.032.



•  N=160	  with	  confirmed	  H7N9	  infec7on	  in	  
Zhejiang	  were	  divided	  into	  3	  groups	  according	  
to	  NAI	  star7ng	  7me:	  	  

•  3/20	  (15%)	  pa7ents	  for	  whom	  NAI	  was	  
administered	  within	  2	  days	  died	  vs	  12/52	  
(23.1%)	  who	  received	  treatment	  between	  2–5	  
days	  vs	  33/88	  (37.5%)	  pa7ents	  who	  were	  
treated	  a0er	  5	  days	  (P<0.05).	  	  

•  The	  median	  dura-ons	  of	  viral	  shedding	  from	  
NAI	  therapy	  ini7a7on	  was	  4.5	  days	  [(IQR):	  3–9]	  
for	  pa7ents	  who	  started	  NAI	  within	  2	  days,	  
which	  was	  shorter	  than	  that	  for	  those	  who	  
started	  NAI	  between	  2–5	  days	  (7.5	  days	  ,IQR:	  
4.25–12.75)	  or	  a0er	  5	  days	  (7	  days,	  IQR:	  5–10)	  
(P<0.05).	  	  

Zheng S, et al. CID 2018 



Kumar A. Canadian ICUs.  RCT, Oseltamivir 225mg bd vs 75mg bd. 7/9 (78%) on triple dose were 
PCR negative vs 1/9(11%) on standard dose on D5. ICAAC  2013

RCT (n=326, 75.5% children. SE Asian ID network): no differences in viral 
clearance & other endpoints between standard dose vs double dose. 



5-‐day	  treatment	  course	  may	  be	  insufficient	  for	  
influenza	  pneumonia	  	  

 
 
 

Lee N, et al. CID 2013 



Patients with severe pH1N1 pneumonia 
exhibited slower viral clearance with 
oseltamivir treatment, esp in the LRT [duration 
of RNA-positivity after antiviral initiation, 
median(IQR): NPFS, 6.0(3.0-8.0) days; 
tracheal aspirate, 11.0(7.8-14.3) days; vs 
milder-illness group NPFS, 2.0(1.0-3.0) days, 
p<0.01].  
 

Longer duration in the lower 
respiratory tract and lung 
 
Relapse possible if antiviral 
stopped prematurely 
à at least 10 days with 
monitoring 

Lee N et al. Antiviral Ther 2011 

-- WHO. NEJM 2010 



Ho PL, et al. ERJ 2014

17 Nov 2013: 36-yr-old 
Indonesian female domestic 
helper travelled to Shenzhen & 
visited a live poultry market. 
23 Nov: fever, malaise & cough.  
27 Nov: CXR RLL pneumonia 
with progression to pleural 
effusion despite oseltamivir 28 
Nov. ARDS & rhabdomyolysis. 
 
A unique PA L336M mutation, 
associated with increased 
polymerase activity, was found. 
To KK. J Infect 2014



An7viral	  resistance	  in	  H7N9	  viruses
•  All	  H7N9	  viruses	  have	  adamantane	  

resistance	  M2	  muta7on	  S31N	  
•  Of	  314	  LPAI	  H7N9	  viruses,	  18(5.7%)	  

isolates	  have	  reduced	  sensi7vity	  to	  NAIs	  
including	  N292K	  (n=15)	  and	  I222R	  (n=1).	  
(Shu	  YL.	  ISIRV	  AVG	  mee?ng	  June	  2017)	  

•  R292K	  associated	  with	  adverse	  clinical	  
outcome	  (Hu	  et	  al.	  Lancet	  2013).	  

•  Of	  28	  human	  HPAI	  H7N9	  isolates,	  
7(25%)	  have	  muta7ons	  that	  reduce	  
sensi7vity	  to	  NAIs.	  Of	  these	  5(18%)	  have	  
NA	  292K	  muta7ons;	  1(4%)	  each	  has	  
E119V	  or	  H274Y	  (Yang	  et	  al.	  J	  Virol	  2017)	  

Gubareva	  LV,	  et	  al.
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In	  adults	  with	  seasonal	  flu	  A	  mainly	  H3N2	  virus	  infec7on	  in	  2008/09,	  the	  oseltamivir-‐zanamivir	  combo	  
appeared	  less	  effec7ve	  than	  oseltamivir	  monotherapy,	  and	  not	  significantly	  more	  effec7ve	  than	  
zanamivir	  monotherapy.	  Duval	  X,	  et	  al.	  PlosMed	  2010	  
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Longitudinal viral RNA changes with IV peramivir or oral 
oseltamivir treatment in adults hospitalized for influenza                                                    

Lee N, ….Hui DS. Int J Antimicrob Agents. 2016;48(2):215-9. 

P >0.05 

Peramivir (n=16)   vs  
Oseltamivir (n=32)  

• matched  baseline characteristics                              
[Lee N, et al, Clin Infect Dis 2013] 

• no significant difference in viral 
load changes 

• >2.5 log reduction after 5 days 

• >40% remained PCR positive 



•  80/200	  (40·∙0%)	  of	  par-cipants	  in	  the	  combina-on	  
group	  had	  detectable	  virus	  at	  day	  3	  vs	  97/194	  (50·∙0%)	  
(mean	  difference	  10·∙0,	  95%	  CI	  0·∙2–19·∙8,	  p=0·∙046)	  in	  
the	  monotherapy	  group.	  	  

•  No	  benefit	  in	  mul-ple	  clinical	  secondary	  endpoints,	  
such	  as	  median	  dura-on	  of	  symptoms	  (4·∙5	  days	  in	  the	  
combina-on	  group	  vs	  4·∙0	  days	  in	  the	  monotherapy	  
group;	  p=0·∙21).	  Beigel	  JH,	  et	  al.

TCAD	  no	  bemer	  than	  oseltamivir	  in	  a	  retrospec7ve	  pH1N1	  Korean	  cri7cal	  care	  study	  in	  14-‐D	  
and	  90-‐D	  mortality.	  Kim	  WY,	  et	  al.	  AAC	  2011	  



Any	  benefits	  in	  pa7ents	  at	  higher	  risk	  for	  flu	  complica7ons	  (eg	  extreme	  age,	  pregnancy,	  chronic	  co-‐
morbid	  illness)?	  Any	  benefits	  for	  Rx	  beyond	  48	  hrs	  aqer	  illness	  onset?	  PK/PD	  data	  to	  inform	  
appropriate	  dosing	  and	  whether	  addi7onal	  doses	  are	  beneficial	  in	  severe	  flu?	  Can	  combo	  Rx	  of	  
baloxavir	  &	  oseltamivir	  provide	  greater	  benefit	  vs	  oseltamivir	  alone?	  Any	  role	  in	  Rx	  of	  NAI	  resistant	  
virus	  infec7on?	  Uyeki	  T.	  Editorial.	  NEJM	  2018



On meta-analysis, corticosteroid Rx was associated 
with ↑ in mortality (OR 3.06, 95%CI 1.58 to 5.92). 

Pooled subgroup analysis of adjusted estimates of 
mortality from 4 studies found OR 2.82, 95% CI 

1.61 to 4.92.  
 



High-dose corticosteroids associated with increased mortality & 
longer viral shedding in pts with influenza A (H7N9) viral pneumonia.

Cao B, et al. Crit Care Med 2016

(> 150 mg/d methylpred eqv) (25–150mg/d methylpred) 



N=2649 adults hospitalized with influenza in HK, Singapore & Beijing 
in 2008-2011 

	  •  Flu A/H3N2 (>45.8%), Flu B (11.1%), A(H1N1)pdm09 (36.3%) 
•  Pneumonia (40.8%), respiratory failure (48.6%) , assisted ventilation(11.5%) 
•  Bacterial super-infections (10.8%) - S. pneumoniae, S. aureus, H influenzae 
•  73.8% received oseltamivir; 44.5% of patients received NAI ⩽2 days & 

65.5% ⩽5 days after onset of illness); 23.1% received systemic 
corticosteroids.  

•  Bacterial super-infections ↑ risk of death (adj HR 2.2, 95%CI 
1.5–3.1) 

•  Systemic corticosteroids ↑ risks of super-infections (2.7% à 
9.7%) & deaths (adj HR 1.7, 95% CI 1.1–2.6) when controlled 
for indications.      

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Lee	  N,	  Leo	  YS,	  Cao	  B,	  et	  al.	  ERJ	  2015	  



The virus titer, PSI (day 1-3;P<0.01), & NPA specimens with NAI resistant H3N2 quasispecies 
≥5% (day 1-2;P<0.01) were significantly lower in the combination Rx group. Multivariate analysis 
showed that combination Rx was the only independent factor associated with lower 30-D mortality 
(OR:0.06; 95%CI, 0.004-0.94;P=0.04). Hung IF, et al. Chest 2017

Triple therapy was associated with lower 
30-day mortality (P=0.01), less frequent 
ICU/HDU admission (P<0.001), & shorter 
hospital-stay (P<0.0001) vs oseltamivir 
alone.

RCT. H3N2



•  A	  severe	  inflammatory	  immune	  response	  with	  hypercytokinemia	  occurs	  in	  pa-ents	  hospitalized	  
with	  severe	  influenza.	  

•  Systemic	  cor-costeroids	  administered	  in	  high	  dose	  may	  ↑	  the	  risk	  of	  mortality	  &	  morbidity.	  
•  Passive	  immunotherapy	  such	  as	  convalescent	  plasma	  &	  hyperimmune	  globulin	  may	  be	  useful	  as	  an	  

adjunc-ve	  therapy.	  
•  Confirma-on	  of	  the	  efficacy	  of	  triple	  therapy	  (oseltamivir,	  clarithromycin,	  &	  naproxen)	  would	  be	  of	  

great	  interest.	  
•  Other	  agents	  esp	  sirolimus,	  NAC,	  NTX,	  etc	  deserve	  more	  inves-ga-on	  by	  RCTs	  



Wong BC, et al.  

Low HEPA 
filter  fan 
rates at 
Bay A & B 

Medium HEPA 
filter fan rate 
at Bay C 

2008 ward flu outbreak: Pt A received non invasive 
ventilation for AECOPD but flu A+.  
8 other pts infected & all isolates of H3N2 virus 
subtype (A/Brisbane/10/2007) & 100% identical. 



Exhaled	  air	  dispersion	  from	  the	  ResMed	  Ultra	  Mirage	  mask	  during	  non-‐invasive	  ven7la7on.	  
Hui	  DS,	  et	  al.	  Chest	  2006;	  130:730-‐740	  	  



Comfort full 2 mask, HPS in 
mild lung injury. As IPAP 
increased from 10 to 
18cmH20, air dispersion 
distances ↑ from 65 to 80cm, 
with more room 
contamination. Hui DS, et al. 
Chest 2009;136:998-1005.  

10/4 

14/4 

18/4 Image 3 mask + a whisper 
swivel. 
As IPAP increased from 10 
to 18cmH20, air dispersion 
distances ↑ from 60 to 
95cm, with extensive room 
contamination even at low 
IPAP. 
 



10/4 



14/4 



18/4 





NIV for pH1N1 
•  25% to 30% of pH1N1 pts were non-invasively ventilated 

on admission, but 70% to 86% of these pts required 
subsequent IMV. (Rello J, Crit Care 2009; Ramsey CD, et al CCM 2010, 
Farias JA, et al. ICM 2010) 

•  Beijing Chao-Yang Hosp (n=65 with pH1N1), ARDS 
developed in 33 and 24 were initially treated with NIV, with 
success in 13 (54.2%), but high death rate (8/10, 80%) in pts 
who subsequently received IMV (Bai L, et al. Chest 2010). 

•  NIV useful in reversing hypercapnia in pH1N1 pts with 
AECOPD without pneumonia (Hui DS, et al. Chest 2010).  





NIV	  via	  a	  helmet:	  leakage	  to	  230mm	  if	  mask	  
neck	  interface	  loose	  when	  IPAP	  ↑	  from	  12	  to	  
20cmH20	  while	  EPAP	  set	  at	  10cmH20.	  No	  
leakage	  with	  a	  good	  neck	  seal.	  
NIV	  via	  a	  total	  face	  mask:	  leakage	  up	  to	  812mm	  
when	  IPAP	  ↑	  from	  10-‐18cmH20	  while	  EPAP	  set	  
at	  5cmH20.	  



NIV	  via	  a	  total	  face	  mask	  and	  single	  circuit:	  leakage	  up	  to	  812mm	  when	  
IPAP	  ↑	  from	  10-‐18cmH20	  while	  EPAP	  set	  at	  5cmH20.	  (Hui	  DS,	  et	  al.	  
Chest	  2015)	  	  



NIV	  via	  a	  helmet:	  leakage	  to	  230mm	  if	  mask	  neck	  interface	  loose	  when	  
IPAP	  ↑	  from	  12	  to	  20cmH20	  while	  EPAP	  set	  at	  10cmH20.	  No	  leakage	  
with	  a	  good	  neck	  seal	  (Hui	  DS,	  et	  al.	  Chest	  2015)	  





A	  systema?c	  search	  of	  MEDLINE	  (1966	  to	  April	  15,	  2015),	  EMBASE	  (1980	  to	  April	  15,	  2015),	  
CENTRAL,	  &	  Google	  Scholar	  for	  pa?ents	  with	  severe	  H1N1	  pneumonia	  &	  respiratory	  failure	  
who	  received	  ECMO.	  	  
The	  primary	  outcome	  was	  all-cause	  mortality.	  Secondary	  outcomes	  were	  dura7on	  of	  ECMO	  
therapy,	  IMV,	  and	  ICU	  length	  of	  stay.	  	  
Results:	  13	  studies	  included	  with	  494	  pa7ents	  receiving	  ECMO	  in	  final	  review	  &	  
meta-analysis.	  The	  study	  validity	  was	  sa7sfactory.	  
The	  overall	  mortality	  was	  37.1%	  (95%	  CI:	  30–45%)	  limited	  by	  underlying	  heterogeneity	  (I2	  =	  
65%,	  P	  value	  of	  Q	  sta7s7c	  =	  0.006).	  The	  median	  dura7on	  for	  ECMO	  was	  10	  days,	  IMV	  19	  days,	  
and	  ICU	  length	  of	  stay	  33	  days.	  	  
Exploratory	  meta-regression	  iden7fied	  the	  dura7on	  of	  pre-ECMO	  IMV	  in	  days	  as	  a	  
moderator	  of	  mortality	  (coefficient	  0.19,	  standard	  error:	  0.09,	  Z	  =	  2.01,	  P	  <	  0.04,	  R2	  =	  0.16).	  	  
Conclusions:	  ECMO	  therapy	  may	  be	  used	  as	  an	  adjunct/salvage	  therapy	  for	  severe	  H1N1	  
pneumonia	  with	  respiratory	  failure.	  Ini7a7ng	  ECMO	  early	  once	  the	  pa7ent	  has	  been	  
ins7tuted	  on	  mechanical	  ven7la7on	  may	  result	  in	  improved	  survival.



In	  an	  interna7onal	  clinical	  trial,	  
pa7ents	  with	  very	  severe	  ARDS	  
were	  randomized,	  as	  indicated	  
by	  one	  of	  3	  criteria:	  	  
a)  Pao2/Fio2	  ra7o	  of	  <	  50	  mm	  

Hg	  for	  >	  3	  hrs;	  	  
b)  a	  Pao2:Fio2	  of	  <	  80	  mm	  Hg	  

for	  >	  6	  hrs;	  or	  	  
c)  an	  arterial	  blood	  pH	  of	  <	  

7.25	  with	  a	  par7al	  pressure	  
of	  arterial	  CO2	  of	  ≥	  60	  
mmHg	  for	  >	  6	  hrs;	  	  

to	  receive	  immediate	  veno-‐
venous	  ECMO	  or	  con-nued	  
conven-onal	  treatment	  
(control	  group).	  
Crossover	  to	  ECMO	  was	  possible	  
for	  pa7ents	  in	  the	  control	  group	  
who	  had	  refractory	  hypoxemia.	  	  



Among	  pa7ents	  with	  very	  
severe	  ARDS,	  60-‐day	  
mortality	  was	  not	  
significantly	  lower	  with	  
ECMO	  than	  with	  a	  
strategy	  of	  conven7onal	  
mechanical	  ven7la7on	  
that	  included	  ECMO	  as	  
rescue	  therapy.	  
More	  bleeding	  events	  
leading	  to	  transfusion	  in	  
the	  ECMO	  gp	  than	  in	  the	  
control	  gp	  (in	  46%	  vs.	  28%	  
of	  pa7ents;	  absolute	  risk	  
difference,	  18%	  points;	  
95%	  CI,	  6	  to	  30)	  as	  well	  as	  
more	  cases	  of	  severe	  
thrombocytopenia	  
(in	  27%	  vs.	  16%;	  absolute	  
risk	  difference,	  11	  %	  
points;	  95%	  CI,	  0	  to	  21)





Chien	  YW,	  Klugman	  KP,	  Morens	  DM.
Evidence	  of	  
concurrent	  
bacterial	  
infec7on	  found	  
in	  specimens	  
from	  22	  (29%)	  	  
of	  77	  fatal	  cases,	  
including	  10	  
caused	  by	  S.	  
pneumoniae.	  
MMWR	  29	  Sept	  
2009	  
	  
Pneumococcal	  
vaccine	  is	  
important	  



Clinical,	  radiological	  &	  lab	  features	  
are	  unreliable	  to	  differen7a7ng	  
typical	  from	  atypical	  pneumonia!	  



Summary:	  Treatment	  of	  SARI	  in	  the	  inter-‐pandemic	  
period	  

•  NAI	  efficacy	  limited	  by	  7ming	  of	  Rx.	  Role	  of	  higher	  dose	  &	  longer	  dura7on	  
requires	  further	  Ix.	  

•  Baloxavir	  offers	  new	  hope	  but	  emergence	  of	  mutant	  viruses	  of	  concern.	  Role	  of	  
late	  Rx	  &	  combo	  Rx	  for	  severe	  cases?	  

•  Systemic	  cor7costeroid	  harmful	  in	  high	  dose.	  Role	  of	  other	  immuno-‐
modula7ng	  agents	  need	  further	  Ix	  (esp	  macrolide	  +	  NSAID,	  sirolimus,	  etc).	  

•  Appropriate	  IPC	  needed	  for	  aerosol	  genera7ng	  procedures.	  
•  Role	  of	  ECMO	  vs	  other	  conven7onal	  Rx	  for	  ARDS	  
•  Pneumococcal	  vaccine	  important	  for	  high	  risk	  pa7ents.	  
•  Development	  of	  tests	  based	  on	  next-‐genera7on	  sequencing	  may	  facilitate	  

more	  accurate	  &	  7mely	  Dx	  of	  an7genically	  driqed	  seasonal	  flu	  viruses,	  novel	  
flu	  A	  viruses	  &	  viruses	  with	  known	  markers	  of	  an7viral	  resistance.



Thank	  You!	  




