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Aspergillosis is a rare disease in free-living pgng with little impact on the
reproductive colonies of these animals, correspanth a mortality rate about 3% [13].
However, this disease shows a very different rdlemwrelated to captive seabirds. In
captivity, aspergillosis has been described ineaigvariety of penguin species and
associated with stress, change in habitat, handhjgy or other concomitant diseases
which promote a high susceptibility to primary ictien with Aspergillus spp. [11, 19,
20, 21, 25, 29].

The respiratory tract is the most important anatosite of disease caused by the genus
Aspergillus fumigatus is the species that corredpda the majority of aspergillosis
cases, followed by A. flavus and A. niger [2, 16, 19].

Penguins' predisposition to aspergillosis is agagey by the physical effort of migration
and by anatomic, physiological and immune systeculgeities.

Anatomical factors which increase penguin susbéipyito aspergillosis are the lack of
an epiglottis, which permits conidial penetratiortlie lower respiratory tract, the lack of
a diaphragm making the cough reflex difficult,triesed distribution of ciliary
epithelium in the respiratory tract and the presesfcair sacs with high oxygen
concentration and few blood vessels [4, 27]. Initeatd the absence of surface
macrophages in the lower respiratory tract whierasponsible for the destruction of
conidia, and the substitution of neutrophils byenephils which have different and
inferior mode of action (using cationic proteingdiolase and lysozyme as opposed to
myeloperoxidase and oxidative mechanisms to destypiiae) are characteristics of
penguins that contribute to a susceptibility toemgplosis [27].

Other situations commonly found in rehabilitatienters, which increase penguin
immunosuppression and increase the predisposaianfection with Aspergillus species
are many and include - oil contamination, admiatgin of corticosteroids and
antibiotics, overcrowding and poor ventilation 22, 27].

Thus in captive penguins in zoos, aquariums orlbitagion centres, aspergillosis is
commonly associated with high mortality rates, l&sgy in ecological and economic
losses for establishments [1, 10, 12, 15, 19, 2123]. This situation has been
documented over the past 40 years in zoos [2]{tenthst 70 years in rehabilitation
centres since the first record of an ecologic desadue to an oil spillage (“Oregon
Standard”, San Francisco, Califérnia, EUA). On tigsasion nearly 7000 seabirds were
contaminated with oil and 6700 of these died, tlagonity due to aspergillosis [14, 22].



Published reports from captive penguins with agppjesgs show mortality rates
associated with the disease in different regionth®fworld (Figure 1). Reports from zoos
in the United Kingdom (London and Scotland), IngNeew Delhi) and the United States
of America (Michigan) were published in 1949, 199977 and 2003, respectively. The
studies describe the mortality due to aspergillssMagellanic penguin (Spheniscus
magellanicus), Gentoo penguin (Pygoscelis papuahstap penguin (Pygoscelis
antarctica) and King penguin (Aptenodytes patagori, 9, 16, 17]. The reports from
rehabilitation centers are more recent and rare.ddath of seabirds due to aspergillosis
at the International Bird Rescue Research CerBRRIC -USA) (shown in figure 1)
occurred in 1991 after an oil spillage in Washimg22], and statistics from the Marine
Animal Rehabilitation Center (CRAM -Brazil) refey tatal aspergillosis in penguins in
100 88,9% g7 50

2004 [29].
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Figure 1-Mortality rates due to aspergillosis imgeins at different places of captivity.

Clinical presentation of aspergillosis in pengussharacterized by a

diffuse disease of the lower respiratory tracthvaitr sac and lung involvement.

The tracheal bifurcation is another region freglyeint/olved due to the narrowness of
the lumen and the air turbulence which allows theidia to escape the expiratory flow
and to be deposited in the epithelium [4]. Thislesl form of aspergillosis can either
partially or totally obstruct the passage of aithmgranulomatous nodules or necrotic
debris [1, 4, 15, 19].

Systemic aspergillosis results from fungal dissextmom by air sacs or blood vessels. In
these cases lesions can be observed in the respitadct, liver, gastrointestinal tract
and kidney. Birds can show some clinical signsyapdoea, swelling, lethargy and
anorexia or sudden death [1, 5, 15, 19], whilshlibe tracheal and systemic forms of
aspergillosis are frequently observed in captivegpens [2, 7, 15, 16, 29].

Difficulties in the diagnosis of penguin aspergi®*in vivo” are attributed
to the rapid and progressive nature of the disedbeut specific clinical
signs, or sudden death. Thus, post-mortem exanth@rmost common method



of proving the diagnosis [1, 6, 19, 28]. At necrpfise lesions are characterized

by white-yellowish nodules, isolated or grouped,c) to 7cm of diameter. Additionally,
yellow exudates, fibrous tissue, fungal coloniaaglhyperemia and

congestion, thickened air sacs and hepatomegalpeabserved [3, 4, 5, 27, 28].

Histopathological findings include granulomatousiuies with necrotic centers,
macrophages and heterophils. In chronic cases giistand capsules of fibrous tissue
can be observed [4, 5]. Hyaline, septate and bragdtyphae (45°) are seen, as well as
complete sporulation structures of Aspergillusams tissues [1, 4, 5, 26]. The
presence of asexual reproductive structures o€Aglhus in tissues is a common find
in birds suffering from aspergillosis, due to thhegence of cavernous air sacs, a high
body temperature and avian sensitivity to gliotoXihese factors, in addition to the
paucity of blood vessels, low number of immunescatid the ready availability of
oxygen and nutrients in the air sacs provide aalilabitat for fungal germination and
development [27].

Although a few reports have described successéunbfly with cetoconazole

[19] and with itraconazole [24], the factors

which make the diagnosis of aspergillosis in penguiifficult are the same that
contribute to inefficacy of treatment. Thus, pretagine methods are fundamental to the
successful maintenance of captive penguins. Adedeatperature and ventilation (15 air
changes per hour) are necessary, as well as aagabllygiene with the removal of the
organic material and disinfection of all facilifgés3, 15, 18, 19; 21, 22, 23, 25, 29].

These measures are frequently adopted in zoosler to minimize fungal proliferation
and conidial air concentration. However, in rehgddibn centers, which frequently house
many sick and injured animals in smaller facilifigse environmental conditions are
more difficult to control and contamination is hegtdue to the accumulation of organic
material and overcrowding [22].

Weekly disinfection of all the surfaces of all pemghousing is recommended, using
different chemical products in order to preventdegelopment of fungal resistance.
To improve hygiene, neither the cage floor nontladls should be made of

porous material [23]. In addition, professionalssirio be careful to minimize
penguins stress. Thus, handling must be done olnénhwecessary, the cage

must be calm and a visual barrier can be placédeiicages [1,3,10,15,19]. Adequate
nutrition is another important factor in the pretien of respiratory alterations, as
hypovitaminosis A which modify the stratified squauns epithelium of the syrinx
region developing hypertrophy that can predispbsefspergillus spp. infection [4,
10].

Antifungal prophylaxis with itraconazole (15-25mgfiday for one week) is indicated in
the rehabilitation protocols for juvenile penguarsd/or debilitated penguins (as with low
weight and/or oiled birds) [18, 21, 22, 25]. Thenggprocedure is described in zoo
protocols for the maintenance of captive penguiosjever in these cases the antifungal
has to be administered when the seabirds are iadagtation period [8]. In addition, zoo



protocols recommend the serological monitoringraf-Aspergillus antibodies in
penguins by ELISA every three months, to facilitaéely diagnosis and increase the
chance of successful therapy [8, 19].

In conclusion, aspergillosis is one of the majarsess of death in captive penguins of
great economic importance and also in ecologygesinicas been cited as a major
problem in the rehabilitation of seabirds that sufbllowing ecological disasters such as
oil spills [7, 22, 29]. This mycosis in captive gerns was first described many years ago
[2] but continues to have many facets which nedaktstudied and mechanisms to be
elucidated, such as the pathogenesis of the diseasearly diagnostic methods to
improve treatment and save birds.
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