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Conservation implications of avian malaria
exposure for African penguins during rehabilitation

The African penguin (Spheniscus demersus) is the only penguin species that breeds on the African
continent and it is currently classified as endangered. Its conservation is assisted by the Southern African
Foundation for the Conservation of Coastal Birds (SANCCOB) which is a seabird rehabilitation facility
based at the Rietvlei Wetland Reserve in Tableview, Cape Town. Despite the success of SANCCOB in
rehabilitating diseased, injured or oiled penguins, significant mortalities have occurred at the facility as a
result of avian malaria. Avian malaria can be contracted during rehabilitation during which penguins are
inadvertently exposed to additional threats. An enzyme-linked immunosorbent assay (ELISA) was used
to assess the anti-Plasmodium antibody levels of penguins to avian malaria on entry into the SANCCOB
facility from 2001 to 2004 and during their rehabilitation process. Using blood smear data, avian malaria
prevalence and malaria-related deaths were also monitored from 2002 to 2013. Significant increases in
anti-Plasmodium antibody levels after admission were found during summer months. New infection and
not parasite recrudescence was concluded to be the cause of this increase. This source was confirmed
by a dramatic drop in penguin mortalities upon exclusion of mosquito vectors in 2008. Mortalities did
not depend on the birds’ abilities to produce an anti-Plasmodium antibody response and oiling had no
influence on immunity or prevalence of avian malaria infections. This study highlights the importance of
mosquito vector control to control pathogen exposure in wild bird rehabilitation centres.

Significance:
o Efforts to assist with the conservation of endangered species can unintentionally add to the conservation
burden.

e Rehabilitation influences exposure of African penguins to avian malaria.

e Avianmalaria prevalence and mortality are not influenced by oiling or anti-Plasmodium antibody responses.

e Vector control can limit avian malaria exposure in wild bird rehabilitation centres.

Introduction

The African penguin (Spheniscus demersus) is the only penguin species that breeds on the African continent.
Their numbers have decreased from an estimated 1.5-3 million before 1900 to fewer than 26 000 breeding pairs in
20092 — a decline which has resulted in their conservation status being changed from vulnerable to endangered?.
Since the late 1800s, a sequence of threats has led to their decline. Breeding habitats were reduced through guano
collection, followed by egg collection for human consumption, overexploitation of prey species and, recently, oiling
events caused by oil spills." Furthermore, blood parasites such as Plasmodium, which causes avian malaria, are
ongoing threats leading to further mortalities.>*

The Southern African Foundation for the Conservation of Coastal Birds (SANCCOB) maintains a seabird rehabilitation
facility based at the Rietvlei Wetland Reserve in Tableview, Cape Town. They rehabilitate diseased, injured or oiled
seabirds, of which most are African penguins. Through SANCCOB’s efforts, African penguins have been able to
survive in the wild after release and have successfully returned to breeding.® Unfortunately, avian malaria infections
and associated mortalities in African penguins do occur at the facility.>

Internationally, avian malaria is a known cause of mortality in captive penguins kept in outdoor displays or zoos with
P, relictum and P elongatum being the associated parasites.®'® In the case of wild birds, P tejerai, P cathemerium,
P nucleophilum and P, unalis could be identified in Magellanic penguins (S. magellanicus) undergoing rehabilitation
along the coast of Brazil."" The first report of a Plasmodium infection in an African penguin in the wild was from
Saldanha Bay, described as P relictum subsp. spheniscidae.'? Brossy et al.* identified P refictum in wild African
penguins being rehabilitated at SANCCOB, but rarely found parasitaemia in penguins at their breeding colonies.
These findings were based on blood smear analysis; when using anti-Plasmodium antibody levels as an indicator
of avian malaria exposure, both wild and captive African penguins were found to be exposed to avian malaria.*'®
In addition, about 30% of penguins admitted to SANCCOB were already malaria positive based on blood smear
analysis, on entry into the facility, indicating exposure of the wild population to the pathogen.? It was subsequently
suggested that wild and captive penguins were being exposed to different Plasmodium species* which could explain
the higher levels of infection and mortality experienced during rehabilitation.®™ In captivity, there is an increased
chance of being exposed to mosquito vectors that could act as a reservoir for land bird avian malaria parasites.

The impact of avian malaria on the decline of wild avian populations is best illustrated by the history of native
Hawaiian bird species. Examples are the the Hawaiian crow, or Alala (Corvus hawaiiensis), which is now extinct
in the wild'®, and the Hawaiian honeycreepers (Drepanidinae) of which most species are either extinct or critically
endangered". Inthe case of the Galapagos penguin (S. mendiculus), the introduction of Plasmodium to the Galapagos
Islands is causing concern about the effect this introduction will have on the survival of this endangered species.'
Because seabirds breed in relatively small geographical areas, they are sensitive to environmental changes, with
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population declines as a possible consequence.'® Population declines in
turn increase the vulnerability to diseases.?® As a result, there is a need
for dedicated rescue and rehabilitation centres that play a significant role
in ensuring the conservation of species, but they could inadvertently
be exposing animals to new threats.?! The possibility of introducing a
foreign avian malaria parasite into African penguins during rehabilitation is
therefore a major concern, as subsequent introduction into wild breeding
populations could cause a further decline in an already endangered
seabird population.

During rehabilitation at SANCCOB, efficient treatment of avian malaria
requires early diagnosis, because it is often too late for treatment once
clinical signs appear. Screening for blood parasites is therefore conducted
through routine blood smear evaluation, but serious pathological
effects and even death can occur prior to the appearance of parasites
in circulating erythrocytes.?? The lack of parasites in erythrocytes
also does not exclude their possible presence in the endothelium or
haemopoietic tissue.5”2 Furthermore, Babesia infections cannot easily
be distinguished from Plasmodium infections by blood smear?* The
polymerase chain reaction (PCR) can be used as an alternative diagnostic
technique as it is viewed to be more sensitive and highly specific and
does not rely on visualisation of the parasite.?> Unfortunately, similarly
to blood smears, the method relies on the presence of circulating blood
parasites? and therefore these methods are not always a true reflection
of parasite exposure'®%,

On the basis of cross-reactivity between anti-Plasmodium antibodies,
Graczyk et al.® developed an enzyme-linked immunosorbent assay
(ELISA) for the detection of anti-P relictum and anti-P elongatum
antibodies. It was found to be an effective tool for diagnosing exposure
to avian malaria in penguins.?” The ELISA made use of a recombinant
polypeptide (R32tet,,) as capture antigen, which consisted of 32
tetrapeptides — 31 with the sequence NANP and 1 with the sequence
NVDP followed by a 32 amino acid hydrophobic tail.”® The sequence
was derived from the highly immunogenic repeat region of the
circumsporozoite (CS) protein of P falciparum. CS-proteins are
uniformly distributed over the entire membrane surface of sporozoites,
which is the first stage of the parasite in the avian host after being
infected. Immunological cross-reactivity is known to exist against the
CS-proteins of unrelated species and this may be as a result of structural
and functional similarities of the secondary and tertiary structures
resulting in common epitopes.2%-31

The objectives of this study were, firstly, to evaluate the exposure of wild
African penguins to avian malaria during rehabilitation at SANCCOB by
measuring anti-Plasmodium antibody levels using an ELISA similar to
that of Graczyk et al.%%; secondly, to determine the influence of these
antibody levels on survival during rehabilitation and the effect of oiling on
antibody levels and, finally, to show the effect of vector exclusion on the
incidence of malaria-related deaths at SANCCOB.

Materials and methods

Sample collection and processing

Anti-Plasmodium antibody levels of African penguins upon entry to the
SANCCOB facility, and for up to 3 weeks after admission, were assessed
in birds admitted from October 2001 to January 2004. Penguins were
admitted for various reasons such as oiling, poor condition, injury,
abandonment or arrested moulting. No specific age group was targeted.

As part of SANCCOB’s health monitoring procedures,® weekly blood
samples were routinely taken from all penguins present in the reha-
bilitation facility for blood smear analysis. Sampling of blood entailed
insertion of a 23-gauge needle into the intradigital foot vein of a penguin
and collection into a heparinised capillary tube. Thin blood smears were
prepared immediately after blood collection and slides were fixed with
methanol and stained with a modified Wright-Giemsa stain (Kyron
Laboratories, Johannesburg, South Africa). For antibody analysis, a
single 50 mL blood volume, as measured by calibrated heparinised
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capillary tubes, was deposited on filter paper (Immunovet Services,
Johannesburg, South Africa) and air dried.?” Prior to ELISA testing,
blood was eluted overnight at 4 °C from each of the filter papers with
333.33 mL Millipore water containing 0.4% Tween 20.%

Birds were rehabilitated and released as soon as deemed fit to survive
in the wild.® Consequently, there was a difference in the number of
data points collected for each bird. The aim was to obtain at least 30
samples per week and therefore released birds were replaced with newly
admitted birds, unless fewer birds were actually being rehabilitated, at
any given time.

Positive and low or negative control sera were obtained from the
routine blood samples. The positive control was from a penguin that
tested malaria positive on blood smear and had a high anti-Plasmodium
antibody titre in our ELISA. The negative control was from a penguin
chick that was artificially hatched and raised in a vector-free environment
before being admitted to SANCCOB for rehabilitation.

ELISA capture antigen

Ballou et al.*? synthesised peptides containing 8-16 residues of the
CS-protein repeat region of P falciparum containing the sequence
NANP Antibodies against these peptides were able to recognise
native CS-protein and therefore a peptide with the sequence (NANP),
was used as capture antigen in this study. To allow for conjugation to
bovine serum albumin (BSA) the peptide was synthesised containing
a S-acetylmercaptosuccinic anhydride (SAMSA) group coupled to its
N-terminal side. Synthesising the SAMSA-peptide (Biopep Laboratories,
Stellenbosch  University, Stellenbosch, South Africa) allowed the
preparation of a capture antigen free of contaminating serum proteins
that could cause cross-reactions in the ELISA. The purity of the peptide
was confirmed by electrospray mass spectrometry analysis.

Prior to use, the peptide was conjugated to BSA in a 3:1 ratio to allow for
a more rigid attachment of the peptide to the polystyrene surface of the
microtitre plate.® This step prevents desorption of antigen during ELISA
incubation and wash steps. Conjugation consisted of three reaction
steps: the introduction of maleimide groups into BSA, introduction
of a sulfhydryl group into the malaria peptide and conjugation of the
malaria peptide to the activated BSA.>*%¢ To ensure that the peptide—
BSA conjugate solution was not contaminated with smaller or larger
complexes, it was subjected to gel filtration chromatography using a
G-25 Sephadex column.

Penguin anti-Plasmodium antibody ELISA

Microtitre plates (96 well, MediSorp™, Thermo Scientific™, Nunc™,
Roskilde, Denmark) were coated overnight at 4 °C with 0.5 mg/mL
(100 mL/well) of the 3:1 peptide-BSA conjugate in carbonate buffer
(50 mM, pH 9.6). The coating solution was decanted and the plate
blocked (1 h, 37 °C) with casein buffer (0.5% casein, 0.15 M NaCl, 0.01
M Tris-HCI, 0.02% thiomersal, pH 7.6, 200 mL/well). Filter paper eluates
were diluted 1/50 and serum 1/200 in casein buffer containing 0.1%
Tween 20 (casein-Tween), added to wells in triplicate (100 mL/well) and
incubated (3 h, 37 °C). Biotinylated rabbit anti-penguin Ig antibody was
prepared as described®® and added (100 mL/well) after being diluted
1/100 in casein-Tween. After incubation (1 h, 37 °C), avidin-horseradish-
peroxidase conjugate (Zymed®, San Francisco, CA, USA) diluted 1/100
in casein-Tween was added (100 mL/well) and the plates were further
incubated (1 h, 37 °C). Finally, the substrate solution (ABTS, 0.015%
H,0, in 0.1 M citrate buffer, pH 5, 100 mL/well) was added and the
absorbance measured after 30 min at 37 °C on a Labsystems Multiskan
MS spectrophotometer at 405 nm. Between all steps, the plates were
washed three times, except after coating, with phosphate-buffered saline
(PBS; 200 mL/well) containing 0.1% Tween 20,. Negative and positive
control sera were included on each plate to monitor inter-assay variation.
The ability of the capture antigen to distinguish between malaria positive
and negative sera as well as non-specific reactions towards activated
BSA were also evaluated.
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Data analysis

ELISA data from October 2001 to January 2004 were grouped together
into 2-month periods. Because penguins were being admitted conti-
nuously within a specific 2-month period, the week of entry for all
penguins in that period was taken as Week 0 and subsequent weeks of
sampling as Weeks 1 and 2.

The absorbance values measured during ELISA analysis are referred to
as ELISA titres which represent anti-Plasmodium antibody levels. The
change in antibody levels, one and two weeks after admission, were
calculated for each 2-month period. This calculation was done by
subtracting the average titre value obtained at Week 0 from that obtained
at Week 1 and again at Week 2. The resulting two values were plotted
graphically for each 2-month period.

Most penguins were rehabilitated for no longer than 2-3 weeks after
admission and therefore only the data for Weeks 0, 1 and 2 were used
for statistical analysis using the general linear models procedure in the
Statistical Analysis System (SAS) Enterprise Guide (version 1.3.0.161).
Weather data were obtained from Weather Underground and Harris
etal.*®

Monitoring the prevalence of avian malaria

The prevalence of avian malaria (number of samples positive during
rehabilitation divided by the number of individual bleeds) was also
determined for the facility as a whole. This determination was based
on blood smear analysis which is routinely performed and therefore
allowed for long-term monitoring (2002—-2013). Plasmodium diagnosis
was based on identification of trophozoites and gametocytes in the
erythrocytes with the latter used to distinguish from Babesia infections.
Meronts were rarely identified. Deaths that occurred as a result of
avian malaria were confirmed during post-mortem examinations
as described.“

Avian malaria exposure of African penguins during rehabilitation

Results

Penguin anti-Plasmodium antibody ELISA

Gel filtration chromatography produced a single peak indicating that
the conjugate consisted of a single complex (Supplementary figure 1).
ELISA titres of positive and negative penguin serum samples indicated
that anti-Plasmodium antibodies were able to cross-react with the
peptide-BSA conjugate (Supplementary figure 2) and this interaction
was primarily aimed at the peptide.

Anti-Plasmodium antibody response

The increase in anti-Plasmodium antibody levels after admission to the
SANCCOB facility is shown in Figure 1. In penguins admitted from October
to November 2001, an increase in antibody levels could only be observed
by Week 2. In penguins admitted from December 2001 to January 2002,
there was an earlier increase in antibody levels one week after entering
the facility and this pattern continued for penguins admitted during the
warmer months until March 2002. This period coincided with an increase
in the number of birds that tested positive for malaria by blood smear
during rehabilitation (Table 1). As ambient temperatures started to drop,
so did the increase in antibody responses one week after admission
as well as the percentage of penguins that tested blood smear positive
(BS+). Antibody levels started to increase again after admission during
October—November 2002, but at much lower levels than those during
2001. A more pronounced increase in antibody levels, however, followed
during February-May 2003 compared to the same period in 2002, but
this increase did not coincide with an increase in BS+ penguins (Table 1).
The elevation in antibody levels in 2003 again decreased as temperatures
dropped (June-July), and then increased slightly as temperatures started
to increase (August-September), but BS+ cases during rehabilitation only
started to increase after the August-September 2003 period. Analysis
indicated a significant association between the average increase in ELISA
titre values 2 weeks after admission and average day (p=0.028) and night
(p=0.008) temperatures (see the supplementary material).
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Figure 1:

Increases in anti-Plasmodium antibody levels in the weeks after entry into the SANCCOB facility: ‘1 Week after admission’ represents the difference

in average ELISA titre values from Week 0 to Week 1; ‘2 Weeks after admission’ represents the difference in average ELISA titre values from Week
0 to Week 2. The temperature is the average maximum values for a given 2-month period.
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Table 1:  Avian malaria blood smear data for African penguins that were eventually released and for those that died during rehabilitation at SANCCOB
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Figure 2:  Increases in anti-Plasmodium antibody levels of penguins that were released compared with those that died after entry into the SANCCOB facility:
‘1 Week after admission’ represents the difference in average ELISA titre values from Week 0 to Week 1; ‘2 Weeks after admission’ represents the
difference in average ELISA titre values from Week 0 to Week 2. No deaths were recorded during April-May 2003. Missing data points for other
months reflect no increases in titre values.

0.00

Influence of anti-Plasmodium antibody response on survival Malaria blood smear data for the penguins that were released vs those
that died for each of the respective 2-month periods are shown in Table 1
) . —_ - along with the percentage of deaths as a result of malaria as confirmed by
released and those that,d'?d during rehabilitation gre shown in Flgurg 2. post-mortem examination. All penguins that died during rehabilitation as a
Although these data indicated that the penguins were responding result of malaria were also those that tested BS+ for malaria resulting in
to Plasmodium infections by producing an antibody response, the the percentage BS+ cases and malaria deaths being the same. The only
difference in response between the released and deceased penguins exception was the birds sampled in February-March 2003, for which not all
was not statistically significant. deaths were as a result of malaria — only 20% were malaria-related deaths.

The increase in anti-Plasmodium antibody levels in penguins that were
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Influence of oiling on the anti-Plasmodium antibody
response

The effect of oiling on the increase in anti-Plasmodium antibody levels
is shown in Figure 3. No statistically significant difference was found
between oiled and not oiled penguins except for the period December
2001 to January 2002. The significant difference (p=0.0136) is,
however, questionable as there were only four oiled penguins during this
period and the difference was caused by the high titre of a single penguin
that was oiled and that died during rehabilitation.

Malaria blood smear results of the oiled versus not oiled penguins during
rehabilitation and the number of penguins that died as a result of malaria
are shown in Table 2. The number of birds that tested positive for malaria

Avian malaria exposure of African penguins during rehabilitation

by blood smear and that died as a result of malaria during rehabilitation
were on average higher in the not oiled group.

Monitoring the prevalence of avian malaria

The prevalence of avian malaria and the deaths specifically related to
avian malaria at SANCCOB in the period from 2002 to 2013 are shown
in Table 3. These data show a persistent level of avian malaria infection
in penguins being rehabilitated during the period from 2001 to 2008.
There is, however, not always a good correlation between avian malaria
prevalence and malaria-specific deaths, which indicates the inefficiency
of blood smear analysis as a diagnostic tool. A mosquito-proof net was
installed over the open-air part of the facility in October 2008, after
which there was a sharp decrease in the prevalence of and deaths as a
result of avian malaria.
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Figure 3:  Increases in anti-Plasmodium antibody levels of penguins that were oiled compared with those that were not oiled upon entry into the SANCCOB
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represents the difference in average ELISA ftitre values from Week 0 to Week 2. There were no oiled penguins during February—March 2002.
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Table 2:  Avian malaria blood smear data during rehabilitation for African penguins that were oiled and not oiled on admission
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Table 3:  Prevalence of avian malaria in African penguins admitted to SANCCOB for rehabilitation
Year Total admitted re-Ir::Ie d In:::l(:;;al Ave:g:eb:)rlgeds masli?ir\i: p‘r\:\y:lzzen“cte Total deaths 'dw:;?:: % Malaria deaths
2002 977 721 890 4 175 19.7% 256 46 18%
2003 1052 873 994 5 187 18.8% 179 43 24%
2004 655 444 587 5 101 17.2% 211 20 9%
2005 952 778 900 4 94 10.4% 174 33 19%
2006 1299 1118 1236 5 126 10.2% 181 39 22%
2007 896 628 825 5 131 15.9% 268 108 40%
2008* 499 363 426 5 20 4.7% 136 3 2%
2009* 769 648 703 5 2 0.3% 121 1 1%
2010* 905 686 839 4 11 1.3% 219 1 5%
2011* 519 319 500 5 4 0.8% 200 0 0%
2012* 955 650 904 3 5 0.6% 304 3 1%
2013* 1021 687 895 3 20 2.2% 309 10 3%

* Mosquito-proof netting installed over the open-air part of the facility.

Discussion

In previous studies, penguins were reported to harbour Plasmodium
(in the erythrocytic stages of infection) upon admission,® which
implied that they had already been infected in the wild. In this study,
Plasmodium could be detected in some penguins during rehabilitation
when using blood smear analysis, which may indicate prior exposure
in the wild. As observed in other studies, the BS+ cases increased in
the warmer months and decreased in the colder months®, which can
be attributed to the negative influence of cooler temperatures on the
distribution of mosquito vectors, with a subsequent decrease in malaria
infections?#'. Prior exposure to Plasmodium does not preclude the
possibility of penguins being confronted with a different Plasmodium
species in captivity*, given that co-infections are possible*? and that as
expected®?, the changes in anti-Plasmodium antibody levels did not
always coincide with increases in malaria BS+ cases.

If penguins survive their first infection of avian malaria, their immune
system appears to be capable of reducing the number of parasites with a
resulting low-level infection (premunition) resulting from survival of latent
parasites.* This premunition allows penguins to control a new infection
with a rapid and intensified antibody response. Recrudescence, which is
an increase in the number of latent parasites in the blood and therefore
the development of symptoms, can be induced in birds with premunition
by stress factors such as nutritional, environmental or migration stress.’
The rehabilitation process itself stresses penguins, which could lead
to recrudescence in penguins that enter the SANCCOB facility with an
existing low-level infection.* However, if existing infections, and therefore
recrudescence, were the main cause of antibody responses seen in
penguins being rehabilitated, then the same increase in antibody levels
should be seen throughout the year, irrespective of season. An increase
in the anti-Plasmodium antibody response was, however, only observed
during the warmer spring and summer months (October—March); a
reduced response was observed during the colder autumn and winter
months (April-September). The pattern of antibody increase and
decrease did, however, shift from one year to the next because of
differences in weather patterns between years. The climate along the
South African west and south coasts exhibits variable temperatures and
rainfall conditions (Supplementary table 1) that in turn can influence
vector and parasite abundance and host exposure.* November 2002
experienced a higher than normal rainfall which could have caused a
hatch delay with an increase in mosquito populations in subsequent
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months,* causing a larger increase in anti-Plasmodium antibodies
measured during February-May 2003 as well as an increase in malaria-
specific deaths in 2003 compared to 2002 (Table 3).

In an attempt to reduce malaria infections in the facility, mosquito-proof
netting was installed at the facility in 2008. A significant decrease in
the prevalence of avian malaria after the installation provided conclusive
evidence that avian malaria infections in the SANCCOB facility were
primarily a result of new infections and not recrudescence. However,
the very low numbers of penguins that contracted avian malaria in the
facility after 2008 can probably be ascribed to existing infections upon
admission and therefore parasite recrudescence.

New infections rely on the presence of a vector as well as a suitable
avian reservoir host. It is therefore unlikely that natural infections in
penguins will occur in the absence of infected wild birds.™ If African
penguins are naturally infected with P relictum or a subspecies
thereof’22* and have developed resistance against this species, it might
be that they are exposed to possible infection by other malaria species
during rehabilitation. The SANCCOB rehabilitation facility is adjacent
to a large shallow freshwater lake (Rietvlei) with abundant bird life as
well as large numbers of culicine mosquitoes. This scenario could
facilitate host switching with resulting Plasmodium infections to which
penguins are not exposed in their natural environment.“¢ Plasmodium
spp. are known for their low specificity and broad host range which
allows for host switching between different mosquito vectors as well as
avian hosts.*” Host switching could also cause a parasite to undergo a
change in virulence*® which could translate into an acute infection. Even
if penguins survive these new infections during rehabilitation, they could
become carriers and introduce this Plasmodium species into breeding
colonies, thereby exposing the population to a new hitherto unknown
Plasmodium. In future studies, it would be worthwhile to confirm, using
molecular methods,* the identity of the Plasmodium species that infect
penguins during rehabilitation in comparison to those infecting breeding
colonies, as well as relevant reservoir hosts.

If penguins are infected during rehabilitation, their survival may be
influenced by their physical condition upon admission and thus
their ability to produce an anti-Plasmodium antibody response. If the
response is too low or delayed, the bird is likely to succumb.** We found
no difference in the antibody reponses between penguins that survived
and were released after rehabilitation versus those that died as a result
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of malaria during rehabilitation. Survival therefore did not depend on
antibody response alone. The mortality results can, however, be viewed
as being biased because all penguins diagnosed as malaria BS+ were
treated against malaria.

Apart from large oiling events, penguins are admitted to SANCCOB as a
result of chronic oiling throughout the year.3% Qiling is one of the major
human threats to penguin conservation worldwide. Oiling causes the
feathers to lose their natural insulative and waterproofing properties and
ingested oil can lead to internal organ damage as well as anaemia and
a depression of immune function.®*%" An altered immune function could
make them more susceptible to malaria infection during rehabilitation.
In this study, oiling was found not to influence the ability of penguins to
produce an anti-Plasmodium antibody response. A possible explanation
for this finding may be that, because of the presence of conservation
staff monitoring most of the African penguin breeding colonies and
public awareness, penguins are brought to SANCCOB soon after oiling,
and are generally strong on arrival.® Furthermore, not oiled penguins
were admitted throughout the year whilst the majority of oiled penguins
were seen in winter months when there are fewer malaria infections, as
diagnosed by blood smear, as well as fewer malaria-specific deaths.
From this observation it can be concluded that oiling had no effect on the
prevalence of malaria in African penguins that were being rehabilitated.

Conclusion

This research highlights the importance of mosquito vector control in
order to control avian malaria in wild bird rehabilitation centres. Blood
smear results indicated that birds are being exposed to avian malaria
in the wild, but anti-Plasmodium antibody responses indicated that
penguins were in all likelihood being newly infected by mosquitoes
during rehabilitation. This was further confirmed by a sharp decline in
malaria prevalence after vector control measures were implemented at
SANCCOB in the form of mosquito netting. Further studies are needed
to confirm whether penguins are confronted with a different Plasmodium
species during rehabilitation than in the wild. Also, determining the
source of infections will allow effective management of the disease by
establishing conservation strategies to either control or prevent future
infections during rehabilitation.
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