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Human	
  and	
  animal	
  surveillance	
  in	
  live	
  bird	
  
markets	
  in	
  Cambodia	
  demonstrating	
  the	
  

intense	
  circulation	
  of	
  several	
  avian	
  in7luenza	
  
subtypes	
  including	
  HPAI	
  A(H5N1)	
  	
  

-­‐	
  
	
  Mutations	
  on	
  the	
  HA	
  associated	
  to	
  better	
  

adaptation	
  to	
  mammalian	
  cells 
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Cambodia 2013: 26/39 (67%) 



Case	
  fatality	
  rate	
  of	
  detected	
  
cases	
  
•  Before	
  2013:	
  90%	
  

•  In	
  2013:	
  54%	
  
	
  
•  In	
  2014:	
  44%	
  
	
  
•  BePer	
  detec6on	
  of	
  human	
  cases	
  (including	
  milder	
  cases)?	
  
•  BePer	
  clinical	
  management?	
  
•  Change	
  in	
  virulence?	
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Source: www.AuntMinnie.com 
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   A/Vietnam/1194/2004	
  CVV	
  
A/Vietnam/1203/2004	
  CVV	
  

A/Cambodia/JP52a/2005	
  
A/Cambodia/R0405050/2007	
  CVV	
  

A/Muscovy	
  duck/Ca	
  Mau/1181/2006	
  
A/chicken/Ca	
  Mau/1180/2006	
  

A/Muscovy	
  duck/Vietnam/33/2007	
  
A/Muscovy	
  duck/Ca	
  Mau/1159/2006	
  
A/duck/Bac	
  Lieu/1213/2007	
  

A/duck/Vietnam/NCVD-­‐016/2007	
  
A/chicken/Bac	
  Lieu/1214/2007	
  
A/Muscovy	
  duck/Vietnam/NCVD-­‐5/2007	
  

A/Muscovy	
  duck/Ca	
  Mau/1185/2006	
  
A/chicken/Vietnam/NCVD-­‐359/2009	
  

A/duck/Vietnam/NCVD-­‐363/2009	
  
A/duck/Vietnam/NCVD-­‐827/2011	
  

A/chicken/Vietnam/NCVD-­‐776/2011	
  
A/Cambodia/V0401301/2011	
  

A/duck/Vietnam/NCVD-­‐784/2010	
  
A/chicken/Vietnam/NCVD-­‐879/2011	
  
A/chicken/Vietnam/NCVD-­‐1225/2012	
  *	
  
A/chicken/Vietnam/NCVD-­‐779/2011	
  

A/Cambodia/V0606311/2011	
  
A/chicken/Vietnam/NCVD-­‐876/2011	
  

A/duck/Vietnam/NCVD-­‐1280/2012	
  *	
  
A/duck/Vietnam/OIE-­‐0062/2012	
  *	
  

A/Cambodia/U0417030/2010	
  
A/chicken/Vietnam/NCVD-­‐775/2011	
  
A/chicken/Vietnam/NCVD-­‐878/2011	
  
A/chicken/Cambodia/008LC1/2011	
  

A/Cambodia/V0219301/2011	
  
A/chicken/Vietnam/NCVD-­‐1188/2012	
  *	
  

A/chicken/Vietnam/NCVD-­‐1192/2012	
  *	
  
A/duck/Vietnam/OIE-­‐3038/2012	
  *	
  
A/muscovy	
  duck/Vietnam/OIE-­‐0043/2012	
  *	
  

A/Cambodia/W0526301/2012	
  *	
  CVV	
  
A/chicken/Soc	
  Trang/1/2012	
  *	
  
A/chicken/Soc	
  Trang/4/2012	
  *	
  

A/duck/Soc	
  Trang/8/2012	
  *	
  
A/chicken/Vietnam/NCVD-­‐1148/2011	
  

A/chicken/Vietnam/NCVD-­‐1189/2012	
  *	
  
A/heron/Cambodia/TM068/2011	
  
A/marabou	
  stork/Cambodia/TM068/2011	
  

A/Cambodia/V0719348/2011	
  
A/Cambodia/V0813302/2011	
  

A/chicken/Cambodia/089LC1/2011	
  
A/Cambodia/W0329318/2012	
  *	
  

A/Cambodia/W0112303/2012	
  *	
  
A/Cambodia/V0417301/2011	
  

A/chicken/Vietnam/NCVD-­‐1277/2012	
  *	
  
A/duck/Vietnam/NCVD-­‐1276/2012	
  *	
  
A/duck/Vietnam/NCVD-­‐1279/2012	
  *	
  

A/environment/Cambodia/E73W3M3/2013	
  *	
  
A/duck/Cambodia/250W7M1/2013	
  *	
  
A/duck/Cambodia/46W2M4/2013	
  *	
  

A/duck/Cambodia/202W6M1/2013	
  *	
  
A/chicken/Cambodia/X0218303/2013	
  *	
  
A/chicken/Cambodia/X0305302/2013	
  *	
  
A/duck/Cambodia/59W3M1/2013	
  *	
  

A/chicken/Cambodia/X0124310/2013	
  *	
  
A/Cambodia/X0123311/2013	
  *	
  WHO#22	
  
A/duck/Cambodia/11W2M1/2013	
  *	
  

A/chicken/Cambodia/X0815303/2013	
  *	
  
A/chicken/Cambodia/X0815301/2013	
  *	
  
A/Cambodia/X0808305/2013	
  *	
  WHO#36	
  F	
  

A/Cambodia/X0810301/2013	
  *	
  WHO#37	
  
A/chicken/Cambodia/X0815302/2013	
  *	
  
A/Cambodia/X0817302/2013	
  *	
  WHO#38	
  
A/Cambodia/X0916322/2013	
  *	
  WHO#41	
  F	
  
A/Cambodia/X1024307/2013	
  *	
  WHO#43	
  

A/Cambodia/X1030304/2013	
  *	
  WHO#44	
  F	
  
A/duck/Cambodia/1295W40M4/2013	
  *	
  
A/environment/Cambodia/C1190W38M4/2013	
  *	
  

A/environment/Cambodia/C1154W38M1/2013	
  *	
  
A/Cambodia/X0828324/2013	
  *	
  WHO#39	
  

A/duck/Cambodia/1281W40M3/2013	
  *	
  
A/chicken/Cambodia/1236W39M3/2013	
  *	
  

A/Cambodia/X1108305/2013	
  *	
  WHO#47	
  F	
  
A/duck/Cambodia/1162W38M1/2013	
  *	
  

A/Cambodia/X1107305/2013	
  *	
  WHO#45	
  F	
  
A/Cambodia/X0621333/2013	
  *	
  WHO#33	
  

A/duck/Cambodia/143W4M4/2013	
  *	
  
A/duck/Cambodia/33W2M3/2013	
  *	
  

A/duck/Cambodia/X0124311/2013	
  *	
  
A/Cambodia/X0215301/2013	
  *	
  WHO#30	
  F	
  
A/Cambodia/X0212301/2013	
  *	
  WHO#28	
  F	
  
A/Cambodia/X0125302/2013	
  *	
  WHO#25	
  F	
  

A/environment/Cambodia/E1178W38M3/2013	
  *	
  
A/duck/Cambodia/X0220302/2013	
  *	
  
A/Cambodia/X0913301/2013	
  *	
  WHO#40	
  

A/environment/Cambodia/C1228W39M3/2013	
  *	
  
A/environment/Cambodia/E1178W38M3/2013	
  *	
  
A/Cambodia/X0207301/2013	
  *	
  WHO#27	
  F	
  
A/chicken/Cambodia/828W25M1/2013	
  *	
  
A/civet	
  cat/Cambodia/X0313307/2013	
  *	
  
A/civet	
  cat/Cambodia/X0313306/2013	
  *	
  

A/environment/Cambodia/E290W9M1/2013	
  *	
  
A/Cambodia/X0628313/2013	
  *	
  WHO#34	
  F	
  

A/Cambodia/X0123312/2013	
  *	
  WHO#24	
  F	
  
A/duck/Cambodia/261W7M2/2013	
  *	
  
A/duck/Cambodia/191W5M4/2013	
  *	
  

A/Cambodia/X0219301/2013	
  *	
  WHO#29	
  F	
  
A/environment/Cambodia/E328W9M4/2013	
  *	
  

A/Cambodia/X0502302/2013	
  *	
  WHO#32	
  

	
  T188I	
  
S155N	
  

A134V	
  

S223N	
  

N220K	
  Q222L/Q	
  

K189R	
  

Q222R	
  

Q222Q/L	
  

1.
1.

1 

1.
1.

2 

59	
  
60	
  

62	
  

77	
  

95	
  

94	
  

89	
  

55	
  

52	
  

99	
  

85	
  

60	
  
67	
  

51	
  
52	
  

97	
  

81	
  

94	
  

70	
  

60	
  
67	
  

87	
  

69	
  

91	
  

72	
  

56	
  

53	
  

94	
  

100	
  

62	
  

96	
  

58	
  

61	
  

98	
  

93	
  

91	
  

86	
  

53	
  

63	
  

55	
  

98	
  

100	
  

70	
  
82	
  

99	
  

 
HA 

KH	
  2011	
  

VN	
  2011-­‐2012	
  

KH	
  2011-­‐2013	
  

VN	
  2012	
  



New	
  genotype	
  of	
  	
  clade	
  1.1.2	
  H5N1	
  virus	
  in	
  
Cambodia	
  2013	
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Clade 2.3.2.1 Clade 1.1.2 genotype 
Z 
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  2013	
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Clade 2.3.2.1 Clade 1.1.2 genotype Z 
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  in	
  
Cambodia	
  2013	
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Clade 2.3.2.1 Clade 1.1.2 genotype Z 

Clade 1.1.2 « new genotype » 
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•  Human	
  influenza	
  viruses	
  	
  
•  bind	
  to	
  α2-­‐6	
  receptors	
  
•  Epithelial	
  cells	
  of	
  upper	
  resp	
  tract	
  
•  Usually	
  mild	
  disease	
  

	
  

Chan RWY et al. Virus Res. 2013. 
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•  Avian	
  influenza	
  viruses	
  	
  
•  bind	
  to	
  α2-­‐3	
  receptors	
  
•  Type	
  2	
  pneumocytes	
  in	
  lung	
  
•  Severe	
  pulmonary	
  disease	
  

Chan RWY et al. Virus Res. 2013. 
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Bronchiole Nasopharynx Alveolar epithelium 
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Herfst et al. Science, 2012. 
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Mutations	
  of	
  associated	
  with	
  airborne	
  
transmission	
  in	
  ferrets	
  



Mutations	
  in	
  H5N1	
  strains	
  isolated	
  in	
  
Cambodia	
  in	
  2013	
  

•  Muta6ons	
  present	
  in	
  all	
  
Cambodian	
  strains	
  
already	
  before	
  2013	
  and	
  
associated	
  increased	
  
binding	
  to	
  human-­‐type	
  
receptors	
  
•  S123P	
  (HA)	
  
•  S133A	
  (HA)	
  
•  S155N	
  (HA)	
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Yang et al., EID 2007 
Wang et al.,  J Virol 2010 
Yamada et al., Nature 2006 

Yamada et al., Nature 2006 
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Mutations known to increase affinity to human-type receptors 
 

4 mutations found in reassortant  transmissible mutrant 
 

Mutations  not previously known to affect receptor binding 
 

Imai et al., Nature  2012. 

Mutations	
  of	
  associated	
  with	
  airborne	
  
transmission	
  in	
  ferrets	
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Imai et al. Virus Res, 2013. 
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Imai et al. Virus Res, 2013. 

Patient n°37,  2013 

Rith et al. J Virol , 2014. 



Mutations	
  of	
  adaptation	
  to	
  human-­‐type	
  
receptors	
  and/or	
  airborne	
  transmission	
  

•  Human	
  case	
  38:	
  S123P,	
  S155N,	
  K189R	
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Increased 
binding to  

α2-6 receptors 

Rith et al. J Virol , 2014. 



Mutations	
  of	
  adaptation	
  to	
  human-­‐type	
  
receptors	
  and/or	
  airborne	
  transmission	
  

•  Human	
  case	
  38	
  :	
  S123P,	
  S155N,	
  K189R	
  
•  Human	
  case	
  37:	
  S123P,	
  S155N,	
  N200K	
  +	
  Q222L	
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Enhanced 
respiratory drop 
transmission in 

ferret model 

Rith et al. J Virol , 2014. 



Mutations	
  of	
  adaptation	
  to	
  human-­‐type	
  
receptors	
  and/or	
  airborne	
  transmission	
  

•  Human	
  case	
  38	
  :	
  S123P,	
  S155N,	
  K189R	
  
•  Human	
  case	
  37:	
  S123P,	
  S155N,	
  N200K,	
  Q222L	
  
•  Human	
  case	
  24:	
  S123P,	
  S155N,	
  Q222L/Q	
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Sub-populations 

Rith et al. J Virol , 2014. 
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Mutations	
  of	
  adaptation	
  to	
  human-­‐type	
  
receptors	
  and/or	
  airborne	
  transmission	
  

•  Human	
  case	
  38	
  :	
  S123P,	
  S155N,	
  K189R	
  
•  Human	
  case	
  37:	
  S123P,	
  S155N,	
  N200K,	
  Q222L	
  
•  Human	
  case	
  24:	
  S123P,	
  S155N,	
  Q222L/Q	
  
•  Human	
  case	
  25:	
  S123P,	
  S155N,	
  Q222R/Q	
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Sub-populations 

Rith et al. J Virol , 2014. 



Other	
  	
  gene	
  segments	
  analysis	
  

•  Human	
  case	
  38	
  :	
  S123P,	
  S155N,	
  K189R	
  
•  Human	
  case	
  37:	
  S123P,	
  S155N,	
  N200K,	
  Q222L	
  
•  Human	
  case	
  24:	
  S123P,	
  S155N,	
  Q222L/Q	
  
•  Human	
  case	
  25:	
  S123P,	
  S155N,	
  Q222R/Q	
  
	
  
•  NA:	
  	
  

•  V129A	
  (↓sens.	
  Zanamivir)	
  in	
  all	
  2013	
  strains	
  
•  I203T	
  (↓sens.	
  Oseltamivir)	
  in	
  case	
  37	
  

•  PB2:	
  
•  R368Q	
  (Polymerase	
  ac6vity	
  &	
  ↑	
  virulence	
  in	
  mice)	
  in	
  all	
  2013	
  strains	
  
•  M28I,	
  T339R	
  (Polymerase	
  ac6vity	
  &	
  ↑	
  virulence	
  in	
  mice)	
  in	
  some	
  	
  

•  NS1	
  
•  P42S,	
  L98F,	
  I101M,	
  N200S	
  (↑	
  virulence	
  in	
  mice	
  and	
  ↓	
  an6viral	
  
response)	
  in	
  all	
  2013	
  strains	
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Rith et al. J Virol , 2014. 



Conclusion	
  1	
  

•  1st	
  iden6fica6on	
  in	
  human	
  avian	
  influenza	
  cases	
  of	
  the	
  
associa6on	
  of	
  2	
  of	
  the	
  4	
  muta6ons	
  described	
  in	
  the	
  ferret-­‐
transmissible	
  H5	
  mutant	
  

•  Cri6cal	
  muta6ons	
  on	
  the	
  RBS	
  detected	
  as	
  subpopula6ons	
  in	
  
several	
  human	
  cases	
  but	
  not	
  in	
  poultry	
  

→ Muta5ons	
  of	
  adapta5on	
  in	
  human	
  developed	
  during	
  
pa5ent’s	
  infec5on	
  

•  No	
  evidence	
  of	
  human-­‐to-­‐human	
  transmission	
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Market	
  surveillance	
  



Live	
  bird	
  market	
  study	
  

•  1st	
  live	
  bird	
  market	
  (LBMs)	
  environment	
  study	
  conducted	
  in	
  2011:	
  
Environment	
  in	
  LBMs	
  in	
  Cambodia	
  is	
  highly	
  contaminated	
  with	
  H5N1	
  virus	
  
(18%	
  viral	
  RNA,	
  2%	
  infec6ous	
  virus)	
  (Horm	
  et	
  al.,	
  EID	
  2013)	
  

•  2nd	
  study	
  (conducted	
  in	
  2013)	
  

•  4	
  sites	
  (3	
  markets	
  and	
  1	
  slaughterhouse)	
  

•  1048	
  environmental	
  and	
  animal	
  samples	
  of	
  LBMs	
  

•  Water,	
  mud/soil,	
  discarded	
  feathers	
  

•  Oropharyngeal	
  and	
  cloacal	
  swabs	
  

•  Close	
  monitoring	
  of	
  poultry	
  workers	
  

•  Blood	
  samples	
  from	
  125	
  poultry	
  workers,	
  	
  

	
  sellers	
  and	
  middlemen	
  collected	
  at	
  4	
  6me	
  points	
  during	
  the	
  year	
  



Proportion	
  of	
  environment	
  samples	
  positive	
  
for	
  In7luenza	
  A	
  virus	
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In7luenza	
  A	
  typing	
  
•  Overall,	
  45%	
  of	
  the	
  samples	
  tested	
  posi6ve	
  
for	
  influenza	
  A.	
  

•  	
  H5N1	
  detected	
  in	
  59%	
  of	
  the	
  environment	
  
samples	
  (3.3	
  6mes	
  more	
  than	
  in	
  2011)	
  and	
  
in	
  28%	
  of	
  the	
  poultry	
  swabs.	
  

•  During	
  the	
  Lunar	
  New	
  Year,	
  the	
  propor6on	
  
of	
  environment	
  samples	
  that	
  tested	
  
posi6ve	
  reached	
  78%.	
  

•  All	
  H5N1	
  strains	
  detected	
  belonged	
  to	
  the	
  
new	
  genotype	
  (reassortant	
  clade	
  1.1.2	
  /	
  
clade	
  2.3.2.1)	
  

•  Large	
  variety	
  of	
  over	
  avian	
  influenza	
  
viruses	
  also	
  detected:	
  HA1,	
  HA2,	
  HA3,	
  
HA4,	
  HA6,	
  HA7,	
  HA9,	
  HA10,	
  and	
  HA11.	
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Serosurvey	
  results	
  

•  Serosurvey	
  of	
  125	
  poultry	
  workers	
  to	
  monitor	
  the	
  risk	
  of	
  
H5N1,	
  H9N2	
  and	
  H7N9	
  infec6on	
  

•  Acute	
  H5N1	
  infec6on	
  during	
  the	
  study	
  –	
  2.4%	
  (n=3)	
  
•  Acute	
  H9N2	
  infec6on	
  during	
  the	
  study	
  –	
  1%	
  (n=1)	
  
•  Recent	
  infec6on	
  with	
  H5N1	
  -­‐-­‐	
  1%	
  (n=1)	
  
•  Recent	
  infec6on	
  with	
  H9N2	
  -­‐-­‐	
  1%	
  (n=1)	
  
•  Possible	
  recent	
  or	
  acute	
  infec6on	
  with	
  H5N1	
  –	
  12%	
  (n=15)	
  
•  Possible	
  recent	
  or	
  acute	
  infec6on	
  with	
  H9N2	
  –	
  6.4%	
  (n=8)	
  

•  No	
  an6bodies	
  to	
  H7N9	
  detected	
  

•  High	
  exposure	
  risk	
  in	
  LBM	
  environment	
  



Conclusion	
  2	
  

•  Complex	
  &	
  dynamic	
  H5N1	
  situa6on	
  in	
  Cambodia	
  in	
  2013	
  
•  Reassortment,	
  muta6ons,	
  etc	
  
•  Increased	
  transmission	
  of	
  reassortant	
  strains?	
  

•  Need	
  improved	
  surveillance	
  in	
  the	
  poultry	
  sector	
  
•  Circula6on	
  of	
  viruses	
  
•  Introduc6on	
  of	
  new	
  viruses	
  

•  Very	
  high	
  circula6on	
  of	
  H5N1	
  and	
  other	
  avian	
  influenza	
  
viruses	
  in	
  LBMs	
  
•  Introduc6on	
  of	
  interven6ons?	
  

•  Importance	
  of	
  con6nuous	
  molecular	
  surveillance	
  of	
  avian	
  influenza	
  
strains	
  isolated	
  from	
  clinical	
  specimens	
  and	
  to	
  maintain/promote	
  
research	
  on	
  avian	
  influenza	
  viruses	
  	
  	
  

28	
  

Ph
ili
pp

e	
  
Bu

ch
y	
  



Acknowledgments	
  	
  
Funding: Collaborations: 



Acknowledgments	
  

	
  Srey	
  Viseth	
  Horm1,	
  Sareth	
  Rith1,	
  San	
  Sorn2,	
  Davun	
  Holl2,	
  
Sowath	
  Ly1,	
  Veasna	
  Duong1,	
  Wantanee	
  Kalpravidh3.a,	
  Kachen	
  
Wongsathapornchai3.a,	
  Sanipa	
  Suradhat3.a,4,	
  Losi	
  Allal3.b,	
  
Arnaud	
  Tarantola1,	
  Paul	
  F.	
  Horwood1	
  

	
  
•  1	
  	
  Ins6tut	
  Pasteur	
  du	
  Cambodge,	
  Réseau	
  Interna6onal	
  des	
  Ins6tuts	
  
Pasteur,	
  Phnom	
  Penh,	
  Cambodia	
  

•  2	
  	
  Na6onal	
  Veterinary	
  Research	
  Ins6tute,	
  Ministry	
  of	
  Agriculture,	
  
Forestry	
  and	
  Fisheries,	
  Phnom	
  Penh,	
  Cambodia	
  

•  3.a	
  	
  Food	
  and	
  Agriculture	
  Organiza6on	
  of	
  the	
  United	
  Na6ons,	
  
Regional	
  Office	
  for	
  Asia	
  and	
  Pacific,	
  Bangkok,	
  Thailand	
  

•  3.b	
  	
  Food	
  and	
  Agriculture	
  Organiza6on	
  of	
  the	
  United	
  Na6ons,	
  Phnom	
  
Penh,	
  Cambodia	
  

•  4	
  	
  Faculty	
  of	
  Veterinary	
  Sciences,	
  Chulalongkorn	
  University,	
  Bangkok,	
  
Thailand	
  

	
  

30	
  

Ph
ili
pp

e	
  
Bu

ch
y	
  



THANK	
  YOU	
  

31	
  
Illegal transport of life poultry during H5N1 epidemic in Cambodia –  
Photo taken in front of the Royal Palace, Phnom Penh, Cambodia 

Ph
ili
pp

e	
  
Bu

ch
y	
  


