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Avian Influenza H5N8 Outbreak in African Penguins (Spheniscus
demersus), Namibia, 2019
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ABSTRACT:  In January 2019, high mortalities were  (Kemper et al. 2007), including 1,400 breed-

reported among African Penguins (Spheniscus ing pairs. All but a few of the dead birds

demersus) in a breeding colony on Halifax Island, . ..
observed were in adult plumage. African

Namibia, Africa. Analysis of samples by reverse . . .

transcription quantitative PCR indicated the Penguins attain the typical adult plumage
presence of highly pathogenic avian influenza between 1 and 2 yr of age, but most birds only
(HPAI) subtype H5NS. Sequence analysis of the  start breeding in their fourth to sixth year
hemagglutinin and neuraminidase genes con- (Whittington et al. 2005). As many dead

firmed the presence of the virus in the birds and nouins were found ol to the breedi
its high similarity to HPAI subtype H5NS8 penguins were found close to the breeding

identified in South Africa in 2017. There have colonies where nonbreeding penguins gener-
been no previous reports of HPAT H5NS in ally do not venture, it was assumed that that a

Namibia. large proportion of the mortalities were
Key words: .H.ighly pathogenic aYian influen- breeding birds.
za, H5NS, Namibia, outbreak, penguins. By 17 January 2019, more than 200 penguin
carcasses had been retrieved, several sick
The African Penguin (Spheniscus demer- birds were seen on the island, and more
sus) is an endangered species that is found carcasses were reported by tour boats in the
only in southern African waters with a surrounding waters. Retrospective examina-
breeding range that extends from the Eastern tion of daily photographs of the island
Cape Province, South Africa, to southern shoreline showed that this mortality event
Namibia. In Namibia, the penguin population  had started in the first half of December 2018.
has been declining throughout the 20th By the second half of February 2019, more
century, and in South Africa, a rapid popula- than 350 penguin carcasses had been found
tion decline has occurred since 2000, believed —on Halifax Island, confirming that this event
to be primarily due to food availability and  constituted the most severe mortality event on
environmental degradation (Kemper et al. record for this species in Namibia. An official
2001; Crawford et al. 2011). report was made to the World Organization
Early in January 2019, an unusually high for Animal Health (OIE) by Namibian au-
mortality of African Penguins was noted thorities (OIE 2019).
during routine coastal monitoring near Halifax The carcasses of five adult penguins (four
Island, Namibia, Africa (26°39’4”S, males and one female) were collected, refrig-
15°4'48"E), which is a protected penguin erated, and sent to the Central Veterinary
breeding site about 100 m from the mainland. ~ Laboratory (CVL; Windhoek, Namibia) for
The last complete assessment for Halifax necropsy between January and February
Island for the year 2014 showed a population 2019. The carcasses were promptly frozen
of 6,930 penguins in adult plumage, as on arrival at the CVL. In addition, the liver of
calculated from serial counts of molting birds one dead penguin and three cloacal swabs
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obtained from birds that had shown signs of
illness prior to death, which included emaci-
ation, torticollis, twitching, incoordination,
corneal opacity, and lethargic or comatose
behavior, were submitted to the CVL (Table
1).

On external inspection, the carcasses ap-
peared normal, although a grayish-greenish
soiling of the pericloacal region was observed
in two cases. Necropsy revealed fibrinous
strands in the coelomic cavity, diffuse conges-
tion of the viscera, and segmental hemorrhag-
es of the gut in all cases (Fig. 1).

We extracted RNA from the liver sample
using a Maxwell 16 LEV SimplyRNA Tissue
Purification Kit (Promega, Madison, Wiscon-
sin, USA) according to the manufacturer’s
instructions, while the cloacal swabs were
suspended and centrifuged in 2 mL of sterile
phosphate buffered saline. We then extracted
RNA from 300 pL of the suspension using a
Maxwell 16 Viral Total Nucleic Acid Purifica-
tion Kit (Promega) following the manufactur-
er’s instructions. The matrix protein gene
(M1) and the hemagglutinin H5 gene of
influenza A virus were detected by reverse
transcription quantitative PCR (RT-qPCR),
using both the commercial genesig® Ad-
vanced Kit for Influenza A Virus (M1) and
genesig® Advanced Kit for Avian Influenza A
Virus subtype H5 (Primerdesign Ltd., South-
ampton, UK). The neuraminidase (NA) gene
(N8) was detected using an RT-qPCR-based
low-density array for subtyping avian influen-
za viruses according to the method proposed
by Hoffmann et al. (2016).

For further characterization of the viruses,
a 1,118-base-pair (bp) fragment of the hem-
agglutinin (HA) gene was amplified using the
One-Step RT-PCR kit (Qiagen, Hilden, Ger-
many) and the following primers: H5-2F (5'-
TCATCATTCCAACAATGCAGA-3’) and
H5-3R (5-TGCAAATTCTGCACTG-
TAACG-3'). For the NA gene, two pairs of
primers were used to amplify two overlapping
sequence fragments of 654 bp and 833 bp,
respectively, covering a total of 1,413 bp of the
NA gene. These primer pairs were (pair 1)
NS8-1F (5-ATGAATCCAAATCAGAAAATA-
3/) and N8-1R (5-CGCCCAGGAGTTAA-
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TasLE 1. Samples from African Penguin (Spheniscus
demersus) infected with highly pathogenic avian
influenza (HPAI) subtype H5NS in an outbreak on
Halifax Island, Namibia, Africa, in January 2019.

GenBank
Reference Collection accession
no. date (2019) Sample Gene no.

146T 17 January  Liver H5 MK571753
N8 MKS898935

146S 17 January  Cloacal swab H5 MK571754
N8 MKS898936

218 (1) 05 February Cloacal swab H5 MK571806
N8 MKS898937

218 (2) 05 February Cloacal swab H5 MK571807

N8 MK898938

CAACAT-3') and (pair 2) NS8-2F (5'-
CGCCCAGGAGTTAACAACAT-3') and NS8-
3R (5-TTACATCTTATCGATGTCAA-3).
We used the following thermal profile for all
primer pairs: reverse transcription at 50 C for
30 min, initial denaturation at 95 C for 15 min,
and then 40 cycles of denaturation at 95 C for
30 s, annealing at 55 C for 1 min, and
elongation at 72 C for 2 min, followed by a
final elongation at 72 C for 7 min. Amplified
fragments were visualized on 1.5% to 2%
agarose gels. Positive RT-PCR amplicons
were purified using a QIAquick PCR Purifi-
cation Kit (Qiagen) and were sent to LGC
Genomics (Berlin, Germany) for sequencing.
All of the HA and NA sequences generated
were deposited in GenBank (Table 1). The
analysis of the translated sequence of the HA
gene revealed a polybasic stretch of amino
acids immediately preceding the cleavage site,
PLREKRRKR/GLF, confirming that the vi-
ruses were highly pathogenic.

Phylogenetic trees were estimated using the
maximum likelihood method available in
MEGA 6 (Tamura et al. 2013), employing
the Kimura two-parameter model of nucleo-
tide substitution with uniform rates among
sites and 1,000 bootstrap replications incor-
porating the HA and NA sequences generated
in this study with those available in GenBank
(accession nos. are shown in Fig. 2A, B).

From the phylogenetic analyses, the Nami-
bian viruses belong to highly pathogenic avian
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Ficure 1. Gross and necropsy observations of African Penguin (Spheniscus demersus) infected with highly
pathogenic avian influenza subtype H5NS in an outbreak on Halifax island, Namibia, Africa, in January 2019. (A)
Adult African Penguin showing excessive mucus around the eyes. (B) Duodenum of an adult, male penguin. The
intestinal walls are diffusely hyperemic, and some segments show a prominent hemorrhagic appearance. (C)
Coelomic cavity of adult, male penguin. Numerous fibrinous strands are seen, mainly between the intestinal
loops
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Ficure 2. Maximum likelihood phylogenetic tree
of (A) partial H5 gene sequence (1,061 base pairs) and
(B) partial N8 gene sequence (1,394 base pairs) from
the samples collected from African Penguins (Sphe-
niscus demersus) infected with highly pathogenic avian
influenza subtype H5NS in an outbreak on Halifax
Island, Namibia, Africa, in January 2019, and similar
sequences available in GenBank. The sequences from
this study are shown by filled black circles. Clades and
groupings are shown. Only bootstrap values greater
than 70% are shown.

influenza (HPAI) H5NS clade 2.3.4.4 B (Fig.
2A, B). The HPAI H5NS 2.3.4.4 B viruses
were responsible for outbreaks of HPAI in
Asia, Europe, and Africa during 2016-17 (Lee
et al. 2017). In southern Africa, Zimbabwe
reported HPAI H5NS clade 2.34.4 B in
commercial poultry in June 2017. In the same
month, South Africa confirmed the presence
of the virus in a broiler breeder farm and then
identified the virus in backyard hobby and zoo

collections, commercial poultry and ostrich
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farms, and wild birds including African
Penguins (OIE 2017; Abolnik et al. 2019).
Specifically, between January 2018 and Octo-
ber 2018, deaths due to HPAI H5NS clade
2.3.4.4 B occurred in African Penguins in the
Western and Eastern Cape Provinces. Fur-
ther investigation by the South African
authorities revealed that distinct HPAI
H5NS clade 2.3.4.4 B variants were respon-
sible for the initial outbreaks in the country
and that they were not directly related to the
viruses identified in Zimbabwe but shared
recent common ancestors with HPAI H5NS8
clade 2.3.4.4 B viruses from West Africa. As
such, wild birds were strongly implicated in
the introduction of HPAI H5NS clade 2.3.4.4
B to the region (Abolnik et al. 2019).

The Namibian viruses were similar (HA:
99.5%, NA: 99.3%) but not identical to the
South African viruses (Fig. 2). Since there
were no sequences available from the viruses
identified in Zimbabwe and no reports to date
of H5NS from neighboring Botswana, Angola,
or Zambia, it was not possible to confirm the
exact origin of the HPAT H5NS in Namibia. It
is possible that the virus introduced into the
Halifax Island colony originated from coun-
tries other than South Africa. The generation
of a full genomic sequence analysis of the
Namibian isolates, which was beyond the
scope of this present work, would allow a
more detailed comparison with the HPAI
H5NS8 clade 2.3.4.4 B virus that infected
African Penguins in 2017 in South Africa and
determination of whether the outbreak on
Halifax Island was due to the movement and
spread of virus between the South African and
Namibian colonies or the result of a new
introduction of the virus.

The origin of the outbreak remains unclear,
but the virus was probably spread through
regional movements of wild birds such as
Greater-crested (Swift) Terns (Thalasseus
bergii). During the H5NS outbreaks in South
Africa in 2017-18, terns were the most
affected wild bird species. In May 2018, about
20 swift terns roosting at Mercury Island,
another Namibian seabird breeding island
roughly 105 km north of Halifax Island, died
from unknown causes after displaying symp-
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toms of avian influenza (R. Jones pers.
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