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ABSTRACT: Rehabilitation is an important strategy for the conservation of the Endangered
African penguin Spheniscus demersus, and disease has been raised as a concern in the manage-
ment of the species, both in the wild and in rehabilitation centres. We report 8 cases of herpes-
virus-like respiratory infection in African penguin chicks undergoing rehabilitation between 2010
and 2013 at a facility in Cape Town, South Africa. Infection was confirmed through the identifica-
tion of viral inclusions in the tracheal epithelium and demonstration of particles consistent with
herpesvirus by electron microscopy, whereas virus isolation in eggs, serology and PCR testing
failed to detect the virus. Only penguin chicks were affected; they were in poor body condition,
and in 2 cases infection occurred prior to admission to the rehabilitation centre. The role played
by the herpesvirus-like infection in the overall respiratory disease syndrome is uncertain, due to
identification of lesions in only a small proportion of the chicks as well as to the occurrence of other
concurrent pathological processes. Further studies are advised to characterise the specific virus
involved through the development of sensitive diagnostic methods and to clarify the epidemiology
and significance of these infections in wild African penguins.
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INTRODUCTION

Rehabilitation has a beneficial impact on the popu-
lation of the Endangered African penguin Spheniscus
demersus (Ryan 2003, Barham et al. 2008, www.iucn
redlist.org), although disease has been raised as a
concern in the management of the species (Brossy et
al. 1999). It is important to do some disease monitoring
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of animals admitted for rehabilitation in order to es-
tablish the occurrence of particular pathogens within
a wild population and to prevent the possibility of in-
troducing new pathogens into a susceptible wild pop-
ulation (OIE 2010). Many pathogens will never be de-
tected in wild penguins due to constraints of sampling,
feasibility of laboratory analyses and the difficulty of
finding sick or recently deceased birds in the wild.
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Herpesviruses are large DNA viruses, and most
species have a narrow host range (Hansen 1999,
Davison 2002, Kaleta & Docherty 2007). Her-
pesviruses cause a broad variety of diseases with dis-
tinct clinical presentations and lesions in birds
(Kaleta 1990, Hansen 1999, Kaleta & Docherty 2007).
Many avian herpesviruses have not yet been classi-
fied due to lack of gene sequencing information
(Kaleta & Docherty 2007, Davison 2010), and this is
further complicated by the fact that in many cases
concurrent diseases obscure the primary effects of
the herpesvirus on the host (Kaleta 1990). Horizontal
transmission of herpesviruses can occur through
inhalation of viral particles and is the predominant
method of transmission (Kaleta & Docherty 2007).
Concomitant infections, environmental factors and
stress often contribute to morbidity and mortality of
infections (Davison 2002, Kaleta & Docherty 2007).
As a result, captive wild birds are more likely to have
outbreaks than are free-living populations due to the
high density and suboptimal environment that are
intrinsic to captivity (Kaleta & Docherty 2007).

Little is known on the prevalence and intensity of
herpesvirus infections in wild birds (Kaleta & Doch-
erty 2007). There is only 1 record of a herpesvirus-
like infection in penguins, namely S. demersus
from a zoo in the USA (Kincaid et al. 1988). Serolo-
gical surveys in wild penguin populations have not
reported evidence of herpesviruses while testing
for either gallid herpesvirus 1 (GaHV-1 or infec-
tious laryngotracheitis virus) or gallid herpesvirus 2
(Marek's disease virus), both of which infect predom-
inantly galliform birds (Clarke & Kerry 1993, Karesh
et al. 1999, Duignan 2001, Miller et al. 2001, Travis
et al. 2006, Smith et al. 2008, Barbosa & Palacios
2009). Lesions suggestive of herpesvirus have also
not been recorded in studies on mortality of wild
penguins (Crockett & Kearns 1975, Obendorf &
McColl 1980, Gill & Darby 1993, Keymer et al. 2001,
Uhart et al. 2004).

Here we report a herpesvirus-like infection diag-
nosed in African penguins admitted to a rehabilita-
tion centre in South Africa.

MATERIALS AND METHODS

Oiled, sick and injured marine and coastal birds
and abandoned chicks are frequently recovered and
sent to the Southern African Foundation for the Con-
servation of Coastal Birds (SANCCOB) for rehabi-
litation back into the wild (Parsons & Underhill 2005).
Here we consider data from African penguins ad-

mitted to the Table View facility (33°50'02"S,
18°29'29" E) in the Western Cape, South Africa, be-
tween 2010 and 2013. All African penguins undergo
rehabilitation following standardised protocols (Par-
sons & Underhill 2005, Sherley et al. 2014).

The following data were collected: individual num-
ber, date and location of capture, chick stage at
admission on a scale from PO (newly hatched) to P4
(close to Fledging) (Sherley et al. 2014), outcome of
rehabilitation (release to the wild, death, euthana-
sia), body mass on admission (floor-standing scale
with precision + 20 g) and head length on admission
(measured with a Vernier calliper from the back of
the head to the tip of the beak). A body condition
index was calculated using a modified Veen index
method (BCI4) that uses the head and mass measure-
ments (Lubbe et al. 2014).

Whenever possible, birds deceased during rehabil-
itation were subjected to necropsy (Hocken 2002)
to evaluate gross lesions and to establish cause of
death. For histological examination, samples were
collected from multiple organs and preserved in 10 %
buffered formalin. For bacterial culture, a swab or
fragment of organ to be cultured was placed in a ster-
ile transport medium and refrigerated (4°C). For viral
culture, samples of organs were placed in a sterile
container (no viral transport medium was used) and
refrigerated (4°C). All sampling procedures for bac-
terial and viral cultures were conducted aseptically
and with sterilised instruments.

An additional sampling effort was conducted in
2010. Serum samples were obtained from 37 appar-
ently healthy, wild, adult African penguins at the
Stony Point (34°21'56" S, 18°54'08" E) and Dyer
Island (34°40'58" S, 19°25' 03" E) colonies in August
2010. Additionally, tracheal swabs and serum sam-
ples were obtained from 36 African penguin chicks
admitted for hand-rearing at SANCCOB from the
same colonies between October and December 2010.
Serum samples were frozen (-20°C). Swabs were
preserved in phosphate-buffered saline and refriger-
ated (4°C).

Bacteriological and virological tests were per-
formed at the Provincial Veterinary Laboratory at
Stellenbosch. The samples submitted for bacteriol-
ogy were routinely inoculated on Columbia blood
agar with 5% sheep blood (CBA; Oxoid), Mac-
Conkey agar (McC; Oxoid) and Rappaport-Vassi-
ladis medium (RV; Oxoid). The CBA was incubated
overnight at 37°C in 5% CO,, the McC at 37°C in
normal air and the RV at 42°C in normal air. The next
day, the CBA and McC plates were examined, any
significant growth was identified or sub-cultured,
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and the CBA plates and subcultures were re-incu-
bated. After about 20 h of incubation, the RV was
plated onto xylose lysine deoxycolate medium (XLD;
Oxoid), and this was incubated overnight at 37°C in
normal air. On the following day, the XLD was exam-
ined for Salmonella sp. CBA plates were incubated
for another 48 h and checked for additional growth
every 24 h. Any subcultures were identified by
means of morphological and biochemical character-
istics (Holt 1994, Quinn et al. 2008).

For virology, tracheal samples were ground with
sterile mortar and pestle, mixed with virus transport
medium (buffered lactose peptone medium, ster-
ilised through filtration with added gentamycin sul-
phate and amphotericin B) and centrifuged at 1200 x
g (10 min); the supernatant was used as the inocu-
lum. Chicken eggs from hens testing negative for
antibodies to Newcastle disease virus, avian in-
fluenza virus, infectious bronchitis virus and infec-
tious laryngotracheitis virus were used for the inocu-
lation. The eggs were incubated at 35-38°C, candled
on Day 10 to check viability and, if suitable, inocu-
lated in a safety cabinet and replaced in the incuba-
tor. All samples were inoculated using the allantoic
sac and chorio-allantoic routes with 5 eggs per pas-
sage and route. Both samples went through 1 pas-
sage (incubation period of 7-8 d) using the allantoic
sac route and 5-6 passages (incubation period of
6-8 d) using the chorio-allantoic route. Egg deaths
and pathology were recorded and evaluated (Pur-
chase et al. 1989).

Formalin-fixed tissue was embedded in paraffin
wax, sectioned at 5 pm, stained with haematoxylin
and eosin and examined under light microscopy.
Wax-embedded tissue from 1 case was prepared for
transmission electron microscopy using standard
techniques (Van den Bergh Weerman & Dingemans
1984) and examined in a Philips CM 10 transmission
electron microscope (FEI) operated at 80 kV. Areas
with intra-nuclear inclusions seen with light micro-
scopy were marked on the slide and correlated with
the areas in the wax block processed for electron
microscopy.

All serum samples were sent to Agrilabs Pioneer-
foods Pty Ltd (Malmesbury, South Africa) for an indi-
rect enzyme-linked immunosorbent assay (ELISA)
targeting antibodies against GaHV-1 (Poultry Im-
munoassays Infectious Laryngotracheitis Antibody
Test Kit — CK124, BioCheck).

Tracheal swabs were sent to Molecular Diagnostic
Services Pty Ltd (Durban, South Africa). Samples
were subjected to basic Chelex extraction for DNA
isolation. A PCR targeting a 1.1 kb BamHI restriction

enzyme fragment of GaHV-1 was performed follow-
ing the protocol provided by Alexander & Nagy
(1997); positive and negative controls were used in
each batch as well as the amplification of a house-
keeping gene to monitor for sample quality and the
presence of PCR inhibitors. Nineteen of these samples
were also subjected to a PCR test targeting the DNA
polymerase gene of large DNA viruses (LDVs) follow-
ing the protocols provided by Hanson et al. (2006). In
addition, a tracheal swab collected on post-mortem
examination from a chick of which subsequent
histopathology was suggestive for herpesvirus, was
also subjected to PCR testing for GaHV-1 and LDV.

RESULTS

Between 2011 and 2013, a total of 797 African
penguins (of which 554 were chicks) died or were
euthanised during rehabilitation; of these, 680 (460
chicks) were necropsied (approximately 85% of
deaths) and 122 (109 chicks) were examined with
histopathology (approximately 15% of deaths). Un-
fortunately, histopathology records were incomplete
in 2010 and therefore this year could not be included
in the analysis. Of the chicks that died between 2010
and 2013, approximately 40% were assigned to a
general diagnosis of respiratory disease, but an aeti-
ological agent was not determined in approximately
70 % of these cases.

Lesions consistent with herpesvirus infections were
identified through histopathology in 8 African pen-
guins (Table 1). The cases were all large downy
chicks or those mostly covered with fledging
plumage (>36 d old; Sherley et al. 2014). Body condi-
tion of these chicks was poor (less than Mean — SD) or
mediocre (within Mean + SD) in relation to all chicks
admitted to the centre during the same period. In all
8 cases, the values were less than Mean — SD of the
parent-reared chicks on Robben Island that fledged
in 2004 (the data on which the body condition index
was formulated; Lubbe et al. 2014). Gross lesions in
these 8 cases were varied, with most cases showing
some degree of airsacculitis and pneumonia. Severe
lesions showed considerable caseous plaques of up
to 1 cm thick in airways affecting multiple airsacs.
Lungs were congested, oedematous and firm.

Histological lesions consistent with herpesvirus
infection were seen in all 8 cases. The lesions con-
sisted of segmental and multifocal necrosis of the
tracheal epithelium and sloughing of respiratory
epithelial cells. Many of the affected epithelial cells
contained large eosinophilic to basophilic intra-



Table 1. Clinical history and necropsy results of African penguin Spheniscus demersus chicks with lesions consistent with herpesvirus on histopathology. Stony Point

is at 34°21'56" S, 18°54'8" E, Robben Island is at 33°21'56" S, 18°21'58"E, Dyer Island is at 34°40'58" S, 19°25'3" E; BCI: body condition index (calculated following
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20 pm

Fig. 1. Intranuclear inclusion bodies (arrowheads) consistent

with a herpesvirus infection in the respiratory epithelial cells

of the trachea of Spheniscus demersus (haematoxylin-eosin
stain, 1000x)

Fig. 2. Transmission electron microscopy of herpesvirus-like
infected cells in Spheniscus demersus. Enveloped mature
virions displaying capsids with electron-dense cores, sur-
rounded by a tegument and outer envelopes in the cytoplasm
(C). Note virions in probable cell surface (S) invaginations or
cytoplasmic vacuoles (arrows). Inset: Intranuclear icosahedral
nucleocapsids with hexagonal outlines (arrowheads)

bilitation in 2010. The PCR tests targeting GaHV-1
and LDV in swabs from penguin chicks in 2010 were
all negative, including the sample that was sugges-
tive of herpesvirus.

DISCUSSION

Based on the characteristics of the viral inclusions
in the tracheal epithelium and the presence of parti-
cles morphologically consistent with herpesvirus on

electron microscopy, we conclude that the penguins
studied were infected by a herpesvirus-like patho-
gen. However, because viral isolation in chicken
eggs was unsuccessful and all PCR tests were nega-
tive, we were unable to obtain gene sequences that
would allow further identification of the virus in-
volved.

To our knowledge, the only herpesvirus-like infec-
tion recorded in any penguin species was a her-
pesvirus-like infection in African penguins at a North
American zoo (Kincaid et al. 1988). In that case, 3
penguins died, presenting with clinical signs and
necropsy lesions similar to those observed in our
study. Two penguins showed intranuclear inclusion
bodies in respiratory epithelial cells suggestive of
herpesvirus infection, and 1 showed polyhedral viral
particles on electron microscopy (Kincaid et al. 1988).
The histological lesions closely resemble those ob-
served in infectious laryngotracheitis (caused by
GaHV-1) in chickens and in Pacheco's disease
(caused by the psittacid herpesvirus 1) in psittacine
birds (Kincaid et al. 1988, Bagust et al. 2000, Kaleta &
Docherty 2007). In our study, in 2 cases, death
occurred within 12 h of admission. In other avian res-
piratory herpesviruses, the inclusion bodies take
longer to develop in cell culture (Reynolds et al. 1968,
Prideaux et al. 1992), hence we consider this as evi-
dence that infection occurred in the wild.

Our failure to isolate the virus in chicken embryos
suggests that either viable virus particles were not
present in sufficient quantity, which is unlikely based
on the abundance of viral inclusions observed in
histopathology, or that the virus could not grow in the
chicken embryo tissue. It is possible that virus isola-
tion would be more successful if African penguin
embryos were inoculated; however, this is unlikely to
be actioned since African penguins are an Endan-
gered species.

The detection of serum antibodies is possible for all
herpesviruses and confirms previous exposure or
vaccination, although negative results should be
interpreted with caution (Kaleta & Docherty 2007).
Our results suggest that it may not be valuable using
ELISA targeting GaHV-1 to test penguin samples as
was done in previous studies on wild penguins. Her-
pesvirus-like infection was identified only in a small
proportion of the chicks that died; however, diagno-
sis based on histopathology and electron microscopy
has low sensitivity compared to PCR and virus isola-
tion methods (Williams et al. 1994).

The role that the herpesvirus-like infection played
as a cause of respiratory disease in the studied cases
is uncertain. All cases with herpesvirus-like lesions
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also showed other significant pathological processes
that contributed to mortality. However, because of
the significant tracheal epithelium lesions, it is prob-
able that the herpesvirus-like pathogen was impor-
tant in the development of respiratory disease in
these 8 cases. This is not dissimilar to other avian
respiratory herpesviruses, in which lethality is often
due to secondary complications, such as bacterial
respiratory infections (Bagust et al. 2000, Kaleta &
Docherty 2007).

More research is needed to determine the signifi- L
cance of herpesvirus-like infection in hand-rearing
African penguin chicks showing symptoms of respi- [
ratory disease as well as the prevalence in the wild
population. These studies, however, will require the
development of effective and reliable diagnostic
tools for the detection and characterisation of this
pathogen.
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