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We detected a highly pathogenic avian influenza A(H5SN8)
virus in lung samples of 2 gray seals (Halichoerus grypus)
stranded on the Baltic coast of Poland in 2016 and 2017.
This virus, clade 2.3.4.4 B, was closely related to avian
H5NS8 viruses circulating in Europe at the time.

In 1996, emerging highly pathogenic avian influenza (HPAI)
viruses caused outbreaks in domestic poultry in China. The
ancestral virus (A/goose/Guangdong/1/1996(H5N1); gs/Gd)
and the related reassortant viruses have continued to cause
outbreaks in birds and have been associated with human in-
fections. Multiple genetic linages of the hemagglutinin (HA)
gene are clustered into 10 clades (/). In 2014, gs/Gd-lineage
HS5Nx HPAI viruses belonging to clade 2.3.4.4 were detected
in Eurasia, followed by a novel lineage 2.3.4.4 B of H5N§
viruses detected in wild birds in 2016. This reassortant HSN§
virus is widespread among wild birds worldwide, causing
mass deaths in waterfowl, its natural reservoir (2). No natu-
ral transmission of this virus from birds to marine mammals
has been reported.

In 2014, an epizootic among harbor seals infected with
avian influenza viruses (AIV) of subtype HION7 was re-
ported at the coast of northern Europe. Infected seals dis-
played multifocal pyogranulomatous to necrotizing pneumo-
nia, which led to death (3—5). Various outbreaks of H3NS,
H7N7, and H4N6 low pathogenicity avian influenza (LPAI)
viruses have occurred in harbor seals along the New England
coast of the United States (6). Yet, the exact route of viral
transmission from bird to seal remains unclear. Avian, but
not human, influenza viruses have been reported to attach to
cells of the respiratory tract of seals (7). The limited studies
do not provide a comprehensive picture about the abundance
of avian-type 02,3-linked sialic acid receptor molecules on
the airway epithelium of seals (8).
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The Study
On November 27, 2016, an immature male gray seal esti-
mated to be 20 months old was found dead on the Baltic
coast of Poland; it was in a state of initial decomposition
and displayed poor nutritional status. Pathologic findings in-
cluded a parasitic infestation (Halarachne halichoeri) in the
nasal cavity, lung, and gastrointestinal tract; agonal chang-
es, including pulmonary edema and emphysema, were ob-
served. A second male seal with estimated age of 2 months
was found on April 21, 2017; it was emaciated and showed
several signs of trauma. It had mild to severe parasitic infes-
tation in the digestive tract. Bacteriologic investigation pro-
vided evidence for the presence of several different bacteria.
We obtained a lung sample from each animal for viro-
logic analysis. PCR results were negative for phocine dis-
temper virus and phocine herpesvirus 1 in the lung tissues
of both animals. However, we detected influenza A virus
RNA using a real-time reverse transcription PCR targeting
the NP gene (provided by Timm Harder, Friedrich-Loef-
fler-Institut, Greifswald-Riems, Germany). We isolated
and propagated the virus from the lung of the older seal
by using MDCK cells and designated the isolate as A/gray
seal/BalticPL/361-10/2016 (GISAID [https://www.gisaid.
org] accession no. EPI_ISL 322984). We sequenced HA,
NA, and internal segments using Sanger sequencing. The
isolation of the virus from the other animal failed; how-
ever, we were able to perform direct sequencing of the
HA and NA genes (A/gray seal/BalticPL/361-13/2017;
GISAID accession no. EPI ISL 362127). The results
confirmed that both animals were infected by the same
H5N8 virus (H5N8/seal) with a multibasic cleavage site
of PLREKRRKR/GLF in its HA protein, which fits the
consensus sequence of a clade 2.3.4. HPAI virus (/). Phy-
logenetic analysis of the HA and NA segments using the
GISAID EpiFLU database further revealed that the isolate
belonged to the clade 2.3.4.4 B group of H5 HPAI viruses
(Figure). Results of a homology BLAST search (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) showed that this HSN8/
seal virus had a nucleotide homology of 99.7%—100% to
viruses that were circulating in aquatic wild bird species
during the avian influenza outbreaks in 2016 and 2017.
Alignment of viral RNA using ClustalW (http://www.
clustal.org) showed that no coding mutation was found
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DISPATCHES

JQ973694 A/duck/Jiangsu/k1203/2010 H5N8

—— GU727669 A/duck/Eastem China/108/2008 H5N1

0.01

EP11019446 A/crow/NL-Oostwoud/16015372-004/2016 H5N8
EPI11019502 A/Eurwigeon/NL-Akkrum/16015817-003/2016 H5N8
EPI1861012 A/chicken/Germany-MV/R8790/2016 H5N8
EP11019710 A/L-bl-ba-gull/NL-Sovon/16014324-014/2016 H5N8
EP1932938 A/chicken/Germany-MV/R10048/2016 H5N8
EP11019390 A/C gul/NL-Slootdorp/16014102-003/2016 H5N8
Algrey seal/BalticP1/361-10/2016 HON8
EP1859653 A/tufted duck/Germany/AR8444-.01986/2016 H5N8
EPI1019398 A/ch/NL-Abbega/X16015736/2016 HSN8
EPI11019678 A/gray go/NL-Groot-Ammers/16015901-012/2016 H5N8
EP1990770 A/Eur wigeon/Gemany-NI/AR249-.02143/2017 H5N8
EPI1907346 A/domestic duck/Germany-BB/R681ff2017 HSN8
EPI973841 A/white stork/Gemany-TH/R1149/2017 H5N8 H5
EPI978863 A/gray heron/Germany-TH/R1125/2017 HEN8
EP1823748 A/wild duck/Tyva/35/2016 H5N8
EP1823756 A/black-headed gull/Tyva/41/2016 HEN8
EP1836606 A/grey heron/Uvs-Nuur Lake/20/2016 H5N8
EPI1836614 A/common tem/Uvs-Nuur Lake/26/2016 H5N8
KJ413834 A/breeder duck/Korea/Gochang1/2014 H5N8
L KJ476670 A/duck/Zhejiang/6D18/2013 HEN8

KM504101 A/duck/Shandong/Q1/2013 H5N8
AB932556 Alchicken/kumamoto/1-7/2014 H5N8
KJ509116 A/breeder chicken/Korea/H250/2014 H5N8
KJ509100 A/white-fronted goose/Korea/H231/2014 H5N8
KJ509132 A/mallard/Korea/H297/2014 H5N8
KJ413842 A/broiler duck/Korea/Buan2/2014 H5N8 H5
KJ509156 A/common teal/Korea/H455-30/2014 H5N8
KJ509020 A/coot/Korea/H81/2014 H5N8
KJ509060 A/broiler duck/Korea/H133/2014 H5N8
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Russia 2016
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23.448B
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2344A

CY030383 Alchicken/Vietnam/NCVD-20/2007 H5N1
—!; CY098751 A/Hunan/2/2009 H5N1
— KC631945 A/chicken/Shandong/k0603/2010 H5N1
L KC631946 Alchicken/China/k0602/2010 H5N1

Figure. Maximum-likelihood phylogenetic tree for the hemagglutinin genes of a highly pathogenic avian influenza A(H5N8) virus isolated
from a seal in the Baltic Sea region of Poland (underlined) and reference sequences. Different clades and the subclades of 2.3.4.4 are
marked. Accession numbers for reference sequences are provided; numbers beginning with EPI are from the GISAID EpiFLU database
(https://www.gisaid.org), others from GenBank. Scale bar indicates nucleotide substitutions per site.

in the H5N&/seal virus compared with A/tufted duck/
Germany/AR8444/2016 (H5NS).

Conclusions
We report the case of a clade 2.3.4.4 B group HPAI HSNS
virus able to infect marine mammals. The isolated HSN8/
seal virus showed 99%—100% identity to the avian strains
that were circulating in Europe during 2016-2017. HPAI
HS5NS8 2.3.4.4 B virus infections are associated with severe
symptoms in infected waterfowl or wild birds. The AIV
AR8444 strain in the EpiFLU database with the highest
homology to H5N8/seal was isolated from a dead tufted
duck found in Lake Plon, Schleswig-Holstein, in north-
ern Germany. Experimental infection of ducks with the
ARB8444 strain resulted in a mortality rate of 33% 4-8 days
postinfection (9).

Pinnipeds, including seals, are susceptible to vari-
ous viral pathogens, such as influenza A and B viruses,
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morbillivirus, and herpesvirus. Most of the influenza vi-
ruses isolated from harbor seals were closely related to
avian influenza viruses, such as H7N7 (10), H3N8 (8), and
HI10N7, of which there was an outbreak in 2014 (5). How-
ever, the exact transmission pathway of AIV from birds to
seals is still unknown, and to our knowledge, HPAI viruses
have not been isolated from seals.

We describe findings from 2 dead seals collected during
the avian influenza outbreaks of 2016 and 2017 by the Prof.
Krzysztof Skora Hel Marine Station; these 2 were positive
for AIV by real-time reverse transcription PCR. Examina-
tion of the lungs by gross pathology and histopathology did
not reveal any suspicious lesions that indicated an influenza
virus infection. No evidence of a related outbreak or mass
deaths has been observed in the Baltic seal population. The
positive samples appear to be the result of HPAI spillovers
from birds to the gray seals. The finding of 2 seals infected 5
months apart suggests that such cross-species transmissions
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Table. Molecular markers for enhancing interspecies transmission ability of highly pathogenic avian influenza A(H5N8) virus to seals,

Poland*
Amino acid position
PB2 PB1 PA HAt

Subtype Location Year isolated 17C E627K  D701N 4538 192H 226L 228S
H5N8F Baltic Sea 2016 R E D A R Q G
H10N7§ North Sea 2015 C E D S H L G
H3N8T North Atlantic Ocean 2011 R E N A R Q G
H4NS# North Atlantic Ocean 1982 R E D A R Q G
H7N7** North Atlantic Ocean 1980 R E D A R Q G

*HA, hemagglutinin; PB1, polymerase basic 1; PB2, polymerase basic 2; PA, polymerase.

1AIll HA genes are in H3 numbering.

1Strain destination: A/gray seal/BalticPL/361-10/2016 (this study).
§Strain destination: A/harbor seal/Netherlands/PV14-221_ThS/2015.
{IStrain destination: A/harbor seal/New Hampshire/179629/2011.
#Strain destination: A/harbor seal/Massachusetts/133/1982.

**Strain destination: A/harbor seal/Massachusetts/1/1980.

can occur sporadically, but we cannot exclude the possibility
of seal-to-seal transmission. There is no evidence that this
virus is highly pathogenic for seals.

Studies have shown that some mutations known to
enhance the transmissibility of HSN1 HPAI viruses may
increase the ability of LPAI viruses to be transmitted from
bird to marine mammal (//—/3). These factors include
the change of sialic acid receptor binding affinity (//) and
adaptive mutations in the VRNP complex for replication
and virus spread in the seal population (/2). In the HSNS8/
seal isolate, we detected no molecular markers previously
associated with the transmission of avian-derived influ-
enza viruses to marine mammals (/3) in the viral PB2,
PBI1, PA, or HA segments (Table). Thus, it appears that
no adaptive mutations have occurred in the gray seal ana-
lyzed in this study.

Most reports on influenza viruses in seals are related
to outbreaks in harbor seals and not gray seals. However,
seroprevalences against HION7 influenza A virus were de-
scribed in gray seals in the Netherlands (/4). In addition,
influenza A virus matrix RNA (without further character-
ization) was detected in swab samples of 9.0% of apparent-
ly healthy weaned gray seal pups live-captured in the North
Atlantic (/5). In adult seals, seroprevalence was 50%; the
authors suggest a possible role of gray seals as a wild res-
ervoir of influenza A virus. These reports indicate that the
gray seal can be infected by influenza viruses. Because we
describe a naturally occurring spillover of HPAI virus to
a marine mammal, future surveillance programs should
continue to monitor gray seals and harbor seals as possible
reservoirs of AIV.
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etymologia

Markov Chain Monte Carlo
Ronnie Henry

Markov chain Monte Carlo (MCMC) simulation is a method of estimating an un-
nown probability distribution for the outcome of a complex process (a posterior
distribution). Prior (capturing the concept prior to seeing any data) distributions are
used to simulate sampling from variables that have known or closely approximated dis-
tributions in the complex process. Thus, the prior distributions are known probability
distributions that represent uncertainty about a particular attribute of a population prior
to data sampling, and the posterior distribution represents estimated uncertainty about a
population attribute after data sampling and is conditional on the observed data.
Monte Carlo (named for the casino in Monaco) methods estimate a distribution by
random sampling. Many samples of the prior distributions must be obtained (e.g., many

Figure: Andrey Markov

rolls of the dice) to obtain a stable and accurate posterior distribution. The modern ver-  (1856-1922), photographer
unknown, public domain,

sion of the Monte Carlo was invented by Stanislaw Ulam and developed early on by John  nhtps://commons.wikimedia.org/

von Neumann and Nicholas Metropolis, the latter of whom suggested the name, as part of windex php7eurid=1332494

follow-on work to the Manhattan Project. Ulam was trying to calculate the probability of laying out a winning
game of solitaire from a shuffled deck of 52 cards. Because of the complexity of the calculations, he decided it
would be easier to play 100 games of solitaire and count the percentage that won.

In a Markov chain (named for Russian mathematician Andrey Markov), the probability of the next computed
estimated outcome depends only on the current estimate and not on prior estimates. For example, if you shuffle a
deck of cards 3 times, the outcome of the third shuffle depends only on the state of the cards at the second shuffle,
not at the first shuffle. Markov chain Monte Carlo simulations allow researchers to approximate posterior distribu-
tions that cannot be directly calculated.
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