ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/257096986

Evaluation of seabirds as hosts of influenza A viruses

Article - January 2013

CITATIONS READS
0 27
2 authors:
William A Montevecchi Michelle Wille
Memorial University of Newfoundland WHO Collaborating Centre for Influenza, Peter Doherty Institute for Infectio...
323 PUBLICATIONS 7,284 CITATIONS 180 PUBLICATIONS 283 CITATIONS
SEE PROFILE SEE PROFILE

Some of the authors of this publication are also working on these related projects:

Project By-catch in Fishing Gear - Mitigation Development and Testing View project

Project Impacts of variable timing of capelin inshore arrival and spawning on marine predators View project

All content following this page was uploaded by William A Montevecchi on 05 January 2014.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/257096986_Evaluation_of_seabirds_as_hosts_of_influenza_A_viruses?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/257096986_Evaluation_of_seabirds_as_hosts_of_influenza_A_viruses?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/By-catch-in-Fishing-Gear-Mitigation-Development-and-Testing?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Impacts-of-variable-timing-of-capelin-inshore-arrival-and-spawning-on-marine-predators?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/William_Montevecchi?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/William_Montevecchi?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Memorial_University_of_Newfoundland?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/William_Montevecchi?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Wille?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Wille?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Michelle_Wille?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/William_Montevecchi?enrichId=rgreq-2309ad8bc07430392bb381b4a79e1043-XXX&enrichSource=Y292ZXJQYWdlOzI1NzA5Njk4NjtBUzo5OTA5NDE5NDI5NDc4NEAxNDAwNjM3MzA1MDY2&el=1_x_10&_esc=publicationCoverPdf

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Short Communications

Evaluation of seabirdsin Newfoundland and Labrador, Canada, as hosts of influenza A

viruses

Michelle Wille"”'°, Yanyan Huang''®, Gregory J. Robertson?, Pierre Ryan®, Sabina I.
Wilhelm®, David Fifield®, Alexander L. Bond', Alissa Granter', Hannah Munro', Rachel
Buxton', Ian L. Jones', Michelle G. Fitzsimmons4, Chantelle Burke4, Laura McFarlane
Tranquilla*, Megan Rector®, Linda Takahashi®, Amy-Lee Kouwenberg®, Anne Storey”,
Carolyn Walsh?, April Hedd’, William A. Montevecchi’, Jonathan A. Runstadler®, Davor

Ojkic’, Hugh Whitney®, and Andrew S. Langl*

! Department of Biology, Memorial University of Newfoundland, St. John’s, NL, A1B 3X9,
Canada

2 Wildlife Research Division, Environment Canada, Mount Pearl, NL, AIN 4T3, Canada

3 Canadian Wildlife Service, Environment Canada, Mount Pearl, NL, AIN 4T3, Canada

* Cognitive and Behavioural Ecology Graduate Program, Memorial University, St. John’s,
NL, Canada A1B 3X0.

> Department of Psychology, Memorial University of Newfoundland, St. John’s, NL, A1B
3X9, Canada

® Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge,
MA, 02139, USA

7 Animal Health Laboratory, University of Guelph, Guelph, ON, N1G 2W1, Canada

8 Newfoundland and Labrador Department of Natural Resources, St. John's, NL, A1E 3Y5,

Canada



26

27

28

29

30

31

32

? Current address: Centre for Ecology and Evolution in Microbial Model Systems, Linnaeus
University, SE - 391 82 Kalmar, Sweden.

' These authors contributed equally to this study.

*To whom correspondence should be addressed: phone 1-709-864-7517; fax 1-709-864-
3018; email aslang@mun.ca

Word count: 1974



33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Abstract

Influenza A viruses infect a wide range of hosts, including many species of birds. Avian
influenza A virus (AIV) infection appears to be most common in Anseriformes (ducks, geese,
and swans) and some Charadriiformes (shorebirds and gulls), but many other birds also serve
as hosts of AIV. Here, we evaluated the role of seabirds as hosts for AIV. In this study we
tested 3158 swab samples from 13 seabird species between May 2008 and December 2011 in
Newfoundland and Labrador, Canada. We also tested 156 serum samples for evidence of
previous infection of AIV in Common Murres (Uria aalgae) and Atlantic Puffins (Fratercula
arctica). AIV was detected in breeding Common Murres and non-breeding Thick-billed
Murres (U. lomvia), and Common Murres also had high seroprevalence (44%). From these
findings, combined with other studies showing AIV infection in murres, we conclude that
murres are important for the epidemiology of AIV. For other species (Razorbill, Alca torda;
Leach’s Storm-Petrel, Oceanodroma leucor hoa; Black-legged Kittiwake, Rissa tridactyla;
Atlantic Puffin) with good coverage (>100 samples) we did not detect AIV. However,
serology indicates infection does occur in Atlantic Puffins, with 22% seroprevalence found.
The possibility of virus spread through dense breeding colonies and the long distance
movements of these hosts makes a more thorough evaluation of the role for seabirds as hosts

of AIV important.

Keywords. Common Murre, influenza A virus, guillemot, murre, seabirds, serology, Uria sp.

Wild birds are the primary reservoir for influenza A viruses (Webster et al. 1992), and

avian influenza viruses (AIV) have been isolated from at least 105 wild bird species across 26

different families, with the highest prevalence of infection in the Anseriformes (ducks, geese,
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and swans) and some Charadriiformes (shorebirds and gulls) (Olsen €t al. 2006). The
contributions of most other bird groups to the epidemiology of AIV are unclear.

Seabirds are a behaviorally and ecologically defined group of birds capable of
spending much of their lives at sea. Some species stay relatively close to shore and others
wander entire oceans, but all are capable of living for extended periods independent of land
(Gaston 2004). In this study, we have included the subfamily Sternidae and the kittiwakes
(Rissa spp.) from the family Laridae (gulls) as seabirds because of their highly pelagic
movements (Frederiksen et al. 2012); other members of the family Laridae were not
included. The ecology of seabirds makes them logistically challenging to comprehensively
survey for AIV. Many breed on remote islands and then spend the winter months at sea.
Further, immature non-breeding individuals of many species do not approach land for more
than a year. Therefore, sampling for AIV in this group has been limited and little information
is available about possible spatial, temporal, and seasonal patterns of infection (Ip et al.
2008).

To investigate the role of seabirds as hosts of AIV we collected swab samples and
serum samples from seabirds along the coast of Newfoundland and Labrador, Canada,
between May 2008 and December 2011. Samples were collected from breeding and locally
wintering seabirds. Most samples were collected during the summer months, while birds
were congregated at breeding colonies (Figure 1). The cloaca and the oropharyngeal cavity
(excluding live birds sampled in 2008) were swabbed. In 2010, moist, freshly deposited fecal
samples were collected from ledges used by breeding Common Murres (Uria aalge). Fresh
carcasses were also opportunistically sampled, and were mostly from murres (Uria spp.)
harvested during the annual winter hunting season, and from a winter wreck in Conception
Bay in 2009 (McFarlane Tranquilla et al. 2010) (Figure 1). Tubes containing samples were

kept cool and placed at -80°C within 48 hours of collection. Samples were screened, and
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viruses isolated as per guidelines from Canada’s Inter-Agency Wild Bird Influenza Survey
using previously published methods (Spackman et al. 2002, Granter et al. 2010). Positive
samples had rRT-PCR Ct values <35 and/or were successfully cultured. Hemagglutinin (HA)
and neuraminidase (NA) subtypes were determined by sequencing (Wille et al. 2011). In
addition to swab samples, blood was collected from 115 adult Common Murres and 41 adult
Atlantic Puffins (Fratercula arctica) in 2011 using established protocols, and tested for anti-
nucleoprotein (NP) antibodies using the Al MultiS-Screen Ab Test (IDEXX, Westbrook,
Maine) as recommended by the manufacturer.

A total of 3158 samples were collected from 13 species across 6 families (Table 1),
and AIV were only detected in Thick-billed Murres (Uria lomvia) and Common Murres
within the Alcidae, which were also the sources of the largest number of samples (Table 1).
To date, there have been no detections of AIV in the families Stercorariidae, Sulidae,
Hydrobatidae, or Diomedeidae, but viruses have been detected in the Alcidae, Laridae,
Sternidae and Procellariidae (Olsen et al. 2006, Ip et al. 2008, Granter €t al. 2010, Ramey et
al. 2010).

Seventy-one samples from Common Murres were positive, all detected during the
summer months at the breeding colonies. Most of these were found in 2011 (Table 2) despite
similar spatial and temporal sampling schemes across all years. No viruses were detected in
Common Murres at our main sampling site on Gull Island in 2008 or 2009, and only 1 virus
was detected in 2010. In contrast, a single sampling occasion on Gull Island in 2011 yielded
60 positives from the 68 samples collected. For the 2011 Common Murre AIV samples
(Table 2), the prevalence was different for adult birds versus chicks at both Gull (33/216
adult, 28/33 chick) and Cabot Islands (4/101 adult, 3/40 chick). No viruses were detected
from 211 birds at another nearby colony on Great Island over the course of this study.

Overall, 44% of adult Common Murres sampled had anti-NP antibodies, and seroprevalence
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was similar across breeding colonies (Table 2). This compares with an overall rRT-PCR
positive rate of 16% for Common Murres at these locations in 2011 (Table 2) and ~5%
overall for Common Murres over the 4 years (Table 1). No seropositive birds were positive
for ongoing infection by rRT-PCR. Conversely, one individual that was seronegative was
positive by rRT-PCR. One virus was detected in Thick-billed Murres over the 4 years (Table
1), from a hunter-killed bird in the winter. Most of the samples from Thick-billed Murres
were collected during the winter months (November-April) off the coast of the island of
Newfoundland (n=548), but some samples were collected from a breeding colony in
Labrador in 2009 (n=73). Finally, despite a lack of positive swab samples collected from
Atlantic Puffins (n=365), serology indicated this species is a host for AIV because 22%
(9/41) of adult puffins sampled in 2011 were seropositive. Therefore, more work is needed to
begin to characterize the interaction of this species with AIV.

Viruses were recovered from 14 of 32 attempted isolations (isolation rate = ~44%),
with all but one of these from the 2011 samples. One virus from a Common Murre in 2010
was subtyped as an H4, and 18 viruses from 2011 (representing both Cabot and Gull Islands)
were subtyped as HIN2, possibly indicating an outbreak of a single strain in 2011. Previous
sequence analyses of viruses from Common and Thick-billed Murres suggest these viruses
might be spillover infections from waterfowl because almost all of the genes fall within the
avian lineages, dominated by waterfowl viruses (Wallensten et al. 2005, Granter et al. 2010,
Ramey et al. 2010). However, ecologically, it is very unlikely that a murre would acquire an
infection directly from a duck because they do not share habitat. Additionally, viruses
isolated from murres in both America and Eurasia have been intercontinental reassortants
(Wallensten et al. 2005, Ramey et al. 2010). This could result from interactions among birds
from the two regions during the non-breeding season, and AIV has now been detected twice

in Thick-billed Murres during the winter. Ecologically, gulls would be more likely to act as
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intermediates for moving viruses between waterfowl and seabirds as they often breed on the
same islands as seabirds and also use coastal and inland waters that are utilized by dabbling
ducks, but this is not well supported virologically because gulls mostly carry specialized
lineages of AIV (Kawaoka et al. 1988, Fouchier et al. 2005, Wille et al. 2011), which have
not yet been identified in seabirds.

It has been suggested that if AIV is introduced to a seabird colony, transmission
should be high due to high host densities and immunologically naive chicks (Clancy et al.
2006). Our findings support this suggestion, given the high prevalence of infection, and
dominance of a single subtype found one year amongst nesting Common Murres. Common
and Thick-billed Murres are amongst the most densely nesting seabirds at up to 20 pairs/m”
and 37 pairs/m’, respectively (Cramp et al. 1985), and are in frequent physical contact with
their neighbours. As well, many seabird colonies have multiple species in close proximity,
such that movement of AIV between species seems likely, hence the chance for reassortment
could be enhanced. Due to the highly pelagic movements of seabirds, they could also be
important in the spread of AIV across the globe. Marine birds have also been implicated in
the spread of influenza viruses to marine mammals (Webster et al. 1992, Nielson et al. 2001).
To date, AIV have been detected in very few seabird species and at very low prevalence,
despite over 10,000 samples having been collected since the 1970°s (Olsen €t al. 2006, Ip et
al. 2008, Granter et al. 2010, Ramey et al. 2010). However, serology data combined with
repeated and widespread detection of viruses in some species, such as murres, indicate that
seabirds are infected with AIV, and therefore likely play a role in the global dynamics of the

Virus.
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Table 1. AIV surveillance of seabirds by rRT-PCR in Newfoundland and Labrador between

May 2008 and December 2011.

Famil Species Samples Status
y p (positives)  Live Dead Environmental
. Common Murre a

Alcidae (Uria aalge) 1315 (71%) 1032 (70) 241 44 (1)
Thick-billed Murre
(U. lomvia) 621 (1) 73 548 (1)
Atlantic Puffin
(Fratercula 365 364 1
arctica)
Dovekie (Allealle) 52 1 51
Razorbill (Alca 196 138 3
torda)
Black Guillemot 1 0 1
(Cepphus grylle)

.. Manx Shearwater

Procelariidae (Puffinus puffinus) 12 12 0
Northern Fulmar
(Fulmarus 4 2 2
glacialis)
Leach's Storm

. Petrel

Hydrobatidae (Oceanodroma 377 375 2
leucorhoa)

Sulidae Northern Gannet ;¢ 74 >
(Morus bassanus)
Black-legged

Laridae Kittiwake (Rissa 109 105 4
tridactyla)

Sternidae Arctlc_ Tern (Sterna 9 9 0
paradisaea)
Common Tern (S
hirundo) 21 21 0

Total 3158

*An additional 8 samples were inconclusive, with rRT-PCR Ct values of 35-40 and no virus
was isolated in SPF embryonated chicken eggs. Inconclusive samples were collected from

live chicks (n=7) and environmental samples (n=1).
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242  Table 2. AIV rRT-PCR and seroprevalence in Common Murres from three breeding colonies

243  in Newfoundland in 2011.

Location rRT-PCR Serology

Samples  Positives % Samples Positives %
Gull Island 249 61 24 71 31 44
Great Island 62 0 0 20 9 45
Cabot Island 141 7 5 24 11 46
Total 452 68 16 115 51 44

244

245
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Figurelegend

Figure 1. Map of Newfoundland and Labrador, Canada, indicating the seabird colonies and
locations where sample collection occurred in this study. The seabird breeding colonies
sampled were Cabot Island (49°10'18"N, 53°21'30"W), Gull Island (47°15'34"N,
52°46°26"W), Great Island (47°10'58.90"N, 52°48°28.55"W), the Gannet Islands
(53°56"21"N, 56°40'45"W), Funk Island (49°45'7"N, 53°11'21"W), Baccalieu Island
(48°7'0"N, 52°47'39"W), Middle Lawn Island (46°52'9"N, 55°37'3"W) and Cape St. Mary’s
(46°49'14"N, 54°11'40"W). The most intensively surveyed colonies, particularly for
Common and Thick-billed Murres, were Cabot, Great, and Gull Islands. Hunter-killed murre
carcasses were sampled from St. Mary’s Bay, Placentia Bay, Conception Bay and
Twillingate; and murre carcasses were also sampled from a 2009 wreck event in Conception
Bay. The city of St. John’s is indicated for reference. Major lines of latitude and longitude are

denoted on map frame.
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