
Hon S. Ip 
National Wildlife Health Center

U.S. Department of the Interior
U.S. Geological Survey

DOI Avian Influenza surveillance



2006 Department of Interior Surveillance

27, 116 birds tested
176 species
11 orders and 36 families

Anseriformes: 37 species
Charadriiformes: 29 species

741 AI matrix RT-PCR positive
2.7% positive

• 392 viruses isolated
• 156 viruses are subtyped

Source NWHC

Snowy Plover: Arthur Morris

Linda Stannard

Harris et al., 2005

Presenter
Presentation Notes
During 2006, the DOI program collected and tested samples from 27,116 birds from 177 species.
The birds originated from 11 avian orders and 37 families.
The main groups studied were the Anseriformes (ducks and geese) with 37 species
And the Charadriiformes (shorebirds) with 29 species.
Overall from the 2006 program, there were 741 matrix RT-PCR positive samples or an over-all AI prevalence rate of 2.7% 
We also tested 47 species of Passeriformes, the largest order of birds, but did not detect any AI viruse from any birds from this family.
I will not go into the data in detail, but because our program was responsible for the early detection of possible introduction, we sampled many of the birds early in the season, soon after their arrival from their wintering grounds, and not in late fall when the staging and moulting of young of the year juveniles are well known to have high incidences of avian influenza.
Nevertheless, we found that returning birds can have significant levels of AI prevalence, with the rate in some species being as high as 5%

Photo credit:
Snowy plover: http://www.birds.cornell.edu/AllAboutBirds/BirdGuide/Snowy_Plover.html
EM and 3D model from: Harris et al 2005. PNAS 103:19123
Negative stain: http://virologyhistory.wustl.edu/influenza.htm



2007 Department of Interior Surveillance

16, 732 birds tested (21,054)
113 species

412 AI matrix RT-PCR positive
2.5% positive

• 292 viruses isolated
• 77 viruses are partially subtyped

Source NWHC

Snowy Plover: Arthur Morris

Linda Stannard

Harris et al., 2005

Presenter
Presentation Notes
Photo credit:
Snowy plover: http://www.birds.cornell.edu/AllAboutBirds/BirdGuide/Snowy_Plover.html
EM and 3D model from: Harris et al 2005. PNAS 103:19123
Negative stain: http://virologyhistory.wustl.edu/influenza.htm

Data as of 2/1/08.



Laboratory Testing Update

Source: NWHC

Egg isolation

1803 birds have completed virus isolation testing (10.7%)

292 are HA-positive (16.2%)

3132 VI performed (equiv to 2/3 target numbers)

RT-PCR vs. Egg Isolation

188 birds are both PS and VI positive

185 are PS Positive, but VI Negative

29 are PS Negative, but VI Positive **



Testing Methods Continued

Source: NWHC

Pooled swabs 15 samples are H5 Pos
6 also VI H5 Pos

PS VI 10 samples are H5 Pos
6 also PS H5 Pos

Pooled swabs 4 samples are H7 Pos
2 H5 Pos are VI H7 Pos

PS VI 5 samples are H7 Pos
2 also PS H7 Pos



Subtypes Identified So Far

Source NWHC

Subtype Combinations Identified
H1N2
H2N1 H2N3 H2N5 H2N7
H3N1 H3N2 H3N6 H3N8
H4N5 H4N6 H4N7
H5N2 H5N3 H5N9
H6N1 H6N2 H6N4 H6N5 H6N8
H7N3 H7N6 H7N7 H7N8 H7N9
H8N4
H9N5
H10N2 H10N3 H10N7 H10N8
H11N2 H11N3 H11N9
H12N2 H12N5 H12N8 H12N9
H13
H16N3

11 suspected co-infections
n=246

Presenter
Presentation Notes
This is a list of the AI subtypes from the viruses we have characterized as of 2/1/08.
Again I must emphasize that this is an incomplete list and the number of subtype combinations will certainly expand as we work through the rest of the viruses in our collection.



Subtypes isolated in 2007

Source NWHC

Subtype Combinations Identified
H1N2
H2N7
H3N3 H3N6 H3N8
H4N6
H5N2 H5N3 H5N9
H6N1 H6N5
H7N3 H7N4
H8N4
H10N2 H10N3 H10N7
H11N3 H11N9

4 suspected co-infections
n=67

Presenter
Presentation Notes
Data as of 2/1/08.



Distribution of HA subtypes

Source: NWHC
Text

Frequency of Hemagglutinin Subtypes (n=153)
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2007 Frequency of Hemagglutinin Subtypes (n=61)
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Data as of 2/1/08.



Frequency of Neuraminidase Subtypes (n=144)
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Distribution of NA subtypes

Source: NWHC

2007 Frequency of Neuraminidase Subtypes (n=52)
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Data as of 2/1/08.



Influenza Lineages

H2 viruses. Schafer et al., 1993. Virology.

Presenter
Presentation Notes
Schafer et al., 1993. Virology 194:781.



Limited Mixing of AIV between Continents

Between 0.64-1.05% of the genes show exchange

Presenter
Presentation Notes
Krauss et al., 2007. PLoS Pathogen.




NWHC

Evidence of Eurasian Lineage in Alaskan Virus

Mike Danzenbaker

LA Times

North American

Eurasian

Presenter
Presentation Notes
Here is an examples a phylogenetic  analysis of one RNA segment from a virus that was isolated from a King Eider that was shot by a Alaskan native hunter at the beginning of 2006 when birds are just returning from their wintering grounds.
As you can see the viruses are divided into two major groups-the North America lineage and the Eurasian lineage of AI viruses.
Our Alaskan Native Hunter virus RNA segment is more related to the Eurasian lineage than to the North American lineage.
In fact three of the 8 RNA segments (PA, NP, and N7) are of Eurasian in origin in this virus, which was isoalted from one of our priority species and was collected (and consumed) by one of our Alaskan native hunters.

Hunter: http://www.latimes.com/news/nationworld/nation/la-sci-kipnuk22oct22,0,4438376.story?coll=la-home-headlines
King eider: http://avesphoto.com/WEBSITE/NA/gallery/Gall-25.htm



Evidence of Eurasian Lineage in Virus 253

North American

Eurasian

Neuraminidase gene from 253

Presenter
Presentation Notes
NCBI distance tree analysis as of 12/3/07.
Here is a slide of the phylogenetic analysis of the neuraminidase gene from the same virus.
The N7 genes cluster into two well defined clusters, one North American and one Eurasian
Our Alaskan virus’s N7 gene is most closely related to that in the Eurasian lineage.




Proportion of Eurasian Lineage Genes (2006)

Source: NWHC

Twice as many viruses isolated in Alaska in 2006 contains RNA segments pf 
Eurasian lineage that those in the lower 48 states.

Viruses RNA Segments Viruses RNA Segments
# Eurasian 17 76 5 14

# Total 90 496 62 338

Percentage 18.9% 15.3% 8.1% 4.1%

Alaska Lower 48

Presenter
Presentation Notes
2006 results as of 2/1/08.
GLGU (44198-027). AK. H16N3.
KIEI (44058-270). AK. H8N4.
KIEI (44045-54). AK. H4N7.
KIEI (44045-55). AK. H4.
Env (44052-049). GA. H3N8.

Map: http://www.webcamcruise.com/North%20America%20Map,%20with%20Canada%20and%20Central%20America_fichiers/north_america_map.jpg

In 2007 have already detected intercontinental mixing from non-NOPIs from:
AMWI (44354-619) from AK.Juneau Cty, Mendenhall Wetlands. 10/6/07.
MODU (44331-163) from TX, Chambers Cty, Anahuac NWR. 7/24/07.



Different Distribution of EA genes in Genome

Source: NWHC

Alaska

HA NA MA NS1 PB1 PB2 PA NP
# Eur 16 9 3 4 3 1 9 14
Total 67 60 49 51 44 44 44 47

% Eur 23.9% 15.0% 6.1% 7.8% 6.8% 2.3% 20.5% 29.8%

Lower 48

HA NA MA NS1 PB1 PB2 PA NP
# Eur 3 3 0 0 0 0 1 2
Total 39 37 34 36 32 34 32 32

% Eur 7.7% 8.1% 0.0% 0.0% 0.0% 0.0% 3.1% 6.3%



Distribution of Eurasian RNAs

Source: NWHC

The distribution is uneven across the 8 RNA segments
Lower in some internal genes
Lowest in PB1

Distribution of Eurasian Genes in AK Viruses

0%

5%

10%

15%

20%

25%

30%

35%

# Viruses HA (Seg 4) NA (Seg 6) MA (Seg 7) NS1 (Seg 8) PB1 (Seg 1) PB2 (Seg 2) PA (Seg 3) NP (Seg 5)

RNA Segments

Presenter
Presentation Notes
2007 AK results as of 2/1/08.
Flu diagram: http://protein.gsc.riken.go.jp/Research/Na/fig1.html



Intercontinental Connections

171 viruses have been at least partially characterized
38 viruses have genes from the Eurasian lineage

Source NWHC

Proportion of Eurasian Lineage in North American AIV

Total # Viruses
# Eurasian Reassortant

Almost 1 in 4 
viruses tested are 
intercontinental 

reassortants

22 % of the viruses examined to date are reassortants 
containing genes of viruses from Europe and Asia 

903 RNA segments have been sequenced
69 have Eurasian viruses as closest relative

Presenter
Presentation Notes
As of 12/5/07
Previous studies in North America, primarily concentrating in waterfowl such as mallards have found only sporadic examples of avian influenza viruses from Europe and Asia.
Analysis of the viruses from the DOI program that specifically targets birds that are likely to be intercontinental migrants have found that almost 30% of the viruses to have genes from outside North America.

11.3% of RNA segments are Eurasian.
29.9% of the viruses have at least one gene from Europe and Asia.



Influenza RNA Preservation

Isopropanol, ethanol and methanol 
are not as effective in the 
preservation of influenza RNA at RT 
than a commercial product (Ambion) 
or with guanidium thiocyanate.

Evers et al., 2007.

Evers et al., 2007. Avian Dis 51:965–968.



Ambion RNALater

Source: Ambion

Used to preserve tissue architecture and 
RNA from field sites with no refrigeration

Presenter
Presentation Notes
Ambion: http://www.ambion.com/techlib/tn/82/827.html

http://www.ambion.com/techlib/resources/RNAlater/



RNALater

Source: NWHC

Treatment Media Temperature MA RT-PCR Virus Isolation

Feces + H5N2 VTM  -80 C 14.63 Yes
Feces + H5N2 VTM 4 C 21.71 Yes
Feces + H5N2 RNALater RT 33.11 No
Feces RNALater RT 0 No

Ambion

Presenter
Presentation Notes
Ambion: http://www.ambion.com/techlib/resources/RNAlater/



USGS Environmental AI Sampling

Source: USGS Georgia Water Science Center

• Preliminary project with 
Lisa Stewart



Locations of Sampling Sites

Source: USGS Georgia Water Science Center

• Seven locations in five 
states examined

• Three have resulted in 
positive AI isolation

• H3N1 and 2 H3N8 
viruses identified



Features of Water Quality

Source: USGS Georgia Water Science Center
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Presenter
Presentation Notes
The results presented are the combination of hard work from many people. I have listed them here alphabetically by their first name.
In Red are all the Principle Investigators on the project, which out whose expert knowledge in their areas this project would not be what it is today.
And finally I would like to especially acknowledge all of the people highlighted in blue.
They are members of my laboratory and were responsible for all of the testing results that I showed today.



An “Arctic Effect”- Low AI Prevalence in AK

Source: Winker et al., 2007. Emerg Inf Dis.

1998-2004
5 AI  viruses identified from 8,254 samples (0.06%)
Only 1 of 3,703 northern pintails infected (0.03%)

“An “Arctic effect” on viral ecology, caused perhaps by low ecosystem 
productivity and low host densities relative to available water.”

Presenter
Presentation Notes
The combination of the higher number of birds and greater number of species that migrate between North America and Asia in the Pacific Basin makes Alaska a potentially very important area to sample birds for the possible introduction of H5N1 into North America.

However, an eight year-long program by the USDA between 1998 and 2004 found that the prevalence of avian influenza was very low in Alaska.

Of the 8000 birds tested in the program, only 5 AIV were isolated.

If this situation is true then it would imply that Alaska would not be a likely spot for the introduction and eventual transmission of HPAI H5N1.

Before I show you the DOI data, I want you to note in particular that in this study, of the 3700 northern pintails studied, only 1 was infected with avian influenza, giving a prevalence rate of 0.03%.

Winker et al., 2007. EID 13(4)547.




DOI Results - Northern Pintail (Anas acuta)

1426 animals collected in 2006

87 Positive by RT-PCR test

6.1% of NOPI are positive for avian influenza virus by 
RT-PCR

Greg Asley

(9.5% Amer Green-winged teal (Anas crecca), n=539)
(9.2% mallard (Anas platyrhynchos), n=273)

TR Michaels
Bailey Aros

Source NWHC

Presenter
Presentation Notes
 Of the 1426 NOPI  tested in 2006, we found 87 birds were positive by RT-PCR. For an overall all prevalence rate of 6.1%.�This is over two orders of magnitude higher than the AI prevalence rate detected by Winker et al in their study. But is more inline with the expected prevalence of AI in this species as reported in the rest of North America.
Similarly, other waterfowl species well known to harbor AI viruses had prevalence rates of 10% for GWT and mallards.
So we see no evidence of an Arctic Effect during our 2006 surveillance season and our data from 2006 supports our hypotheses that Alaska is a relevant region to monitor for the possible introduction of HPAI H5N1 into North America by migratory birds.

Photo credits:
Pintail: www.greglasley.net/northernpintail.html
AGWT: www.trmichels.com/NatureToursNABirdsList.htm
Mallard: http://bailey.aros.net/nature/images/Mallard%20male%20reduced.jpg



AI detected in a majority of targeted species

Source NWHC

Species Name MA Pos Percent Pos

ALTE Aleutian Tern, Onychoprion aleuticus 1 0.3%

AMWI American Wigeon, Anas americana 15 6.1%

BARG Bar-tailed Godwit, Limosa lapponica 3 1.4%

BLBR Black Brant, Branta bernicla 9 0.4%

CACG Cackling Goose, Branta hutchinsii 22 2.0%

CAGO Canada Goose, Branta canadensis 9 3.4%

COEI Common Eider, Somateria mollissima 1 0.3%

COMU Common Murre, Uria aalge 1 1.3%

DUNL Dunlin, Calidris alpine 5 0.4%

EMGO Emperor Goose, Chen canagica 11 1.6%

GLGU Glaucous Gull, Larus hyperboreus 5 3.6%

GWFG
Greater White-fronted Goose, Anser 

albifrons 40 3.7%

GWTE Green-winged teal, Anas crecca 91 5.0%

KIEI King Eider, Somateria spectabilis 6 0.9%

LSGO Lesser Snow Goose, Chen caerulescens 10 0.8%

LTDU Long-tailed Duck, Clangula hyemalis 11 1.0%

MALL Mallard, Anas platyrhynchos 134 9.2%

MASA Marsh Sandpiper, Limosa fedoa 1 25.0%

NOPI Northern Pintail, Anas acuta 225 6.3%

NSHO Northern Shoveler, Anas clypeata 78 18.8%

PAGP Pacific Golden-Plover, Pluvialis fulva 1 0.1%

SPEI Spectacled Eider, Somateria fischeri 2 0.6%

STEI Steller's Eider, Polysticta stelleri 6 0.8%

TBMU Thick-billed Murre, Uria lomvia 7 3.0%

TUSW Tundra Swan, Cygnus columbianus 7 1.2%

WESA Western Sandpiper, Calidris mauri 1 0.1%

Presenter
Presentation Notes
AI RNA was detected in cloacal swabs in a total of 26 species.
Over half of the positive species were members of our priority species (15/28=53%). These are highlighted in yellow.
If you remember, I said that we identified priority species based on where they go and who they contact and less on what was known about AI in those species.
So it is not surprising that six of the 15 species are likely to represent first report of the isolation of avian influenza viruses from these species.
In particular, Common Eider, King Eider and Spectacled Eider and Steller’s Eiders are all marine ducks in the tribe Mergini in the Anseriformes family. This group of birds has not been considered before as important in the ecology of AI transmission. This is partly due to laboratory studies that show the AI virus to have shortened survival in salt water.
Our data shows that AI can be maintained in species in a marine environment and suggests that as these species gather colonially, this grouping behavior might contribute to the transmission of the virus in these species.



Priority Species - Now

Tufted Duck: Scene24

Aleutian Tern: eNature

PESA: BirdsIreland

Common Eider: AnimalPictures
King Eider: Avesphoto

Spectacled Eider: Harteman

Stellar’s Eider: Harteman

Gulls and Terns
Aleutian Tern 
Glaucous Gull 
 
Landbirds 
Arctic Warbler 
Eastern Yellow Wagtail 
Gray-cheeked Thrush 
Lesser Sandhill Crane 
 

Shorebirds 
Bar-tailed Godwit 
Buff-breasted Sandpiper 
Dunlin 
Long-billed Dowitcher 
Pacific Golden-Plover 
Pectoral Sandpiper 
Red Knot 
Ruddy Turnstone 
Rock Sandpiper 
Sharp-tailed Sandpiper 

 Waterfowl 
Aleutian Cackling Geese 
Black Brant 
Emperor Goose 
King Eider 
Lesser Snow Goose 
   

Long-tailed Duck 
Northern Pintail 
Pacific Common Eider 
Spectacled Eider 
Steller’s Eider 
Tundra Swan

 

Presenter
Presentation Notes
Out of the 28 priority species identified at the out set, AI had been reported from 10 of them. (Colored in red).
In a single season we have added 10 new species records to priority species list and three non-target species (Crested auklet, Snow bunting and thick-billed murre)
These are colored in blue in this figure.

Photo credits:
Aleutian tern: http://images.enature.com/birds/birds_l/BD0680_1l.jpg
Pectoral Sandpiper: http://www.birdsireland.com/images/2006/september/Pec04.jpg
King eider: http://avesphoto.com/WEBSITE/NA/species/EIDKNG-1.htm
Common eider: http://www.animalpicturesarchive.com/view.php%3Ftid%3D3%26did%3D337601%26mode%3Dfull%26lang%3Dkr&prev=/search%3Fq%3Dstellar%2527s%2B%2Beider%2Bjpg%26num%3D100%26hl%3Den%26safe%3Doff%26client%3Dfirefox-a%26rls%3Dcom.frontmotion:en-US:official%26sa%3DN
Stellar’s eider: www.animalpicturesarchive.com/view.php%3Ftid%3D2%26did%3D62887%26lang%3Dkr&prev=/search%3Fq%3Dstellar%2527s%2B%2Beider%2Bjpg%26num%3D100%26hl%3Den%26safe%3Doff%26client%3Dfirefox-a%26rls%3Dcom.frontmotion:en-US:official%26sa%3DN
Spectacled eider: http://www.harteman.nl/omnibus/index.html



Title

Text

NYT
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Presentation Notes
http://www.nytimes.com/2008/02/01/world/asia/01flu.html?_r=2&oref=slogin&oref=slogin



Subtypes isolated in 2005

Source NWHC

Subtype Combinations Identified
H3N1 H3N6 H3N8
H3N H4N6
H5N2
H9N5

n=26

Presenter
Presentation Notes
Data as of 2/1/08.



Subtypes isolated in 2006

Source NWHC

Subtype Combinations Identified
H1N2
H2N1 H2N3 H2N5
H3N2 H3N6 H3N8
H4N5 H4N6 H4N7
H5N2 H5N3 H5N9
H6N1 H6N2 H6N4 H6N8
H7N3 H7N6 H7N7 H7N8 H7N9
H8N4
H10N2 H10N3 H10N7 H10N8
H11N2 H11N9
H12N2 H12N5 H12N8 H12N9
H13
H16N3

7 suspected co-infections
n=150

Presenter
Presentation Notes
Data as of 2/1/08.



Previous literature on Lineage Mixing

Source

H2N2. Duck. Hokkaido. Liu et al., 2004. PA.
H2N3. Duck. Hokkaido. Liu et al., 2004. PB2.
H6N2. Guliiemot Sweden. Wallensten et al., 2005.
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