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RESUMO.- [Monitoramento sorológico com detecção 
de anticorpos para diagnóstico precoce da aspergilose 
em pinguins em cativeiro.] Este estudo teve como obje-
tivo avaliar a eficácia da detecção de anticorpos anti- As-
pergillus fumigatus em pinguins em cativeiro por imunodi-
fusão radial dupla em gel de ágar (IDGA) para diagnóstico 

da aspergilose. Foram incluídos 134 pingüins de Magalhães 
(Spheniscus magellanicus) em reabilitação no Centro de Re-
cuperação de Animais Marinhos (CRAM/FURG), que foram 
monitoradas por IDGA, semanalmente, até o seu destino 
final (morte ou de liberação), totalizando 660 amostras de 
soro estudadas. Todos os animais foram acompanhados cli-
nicamente e exames post mortem foram realizados em pin-
güins que vieram a óbito durante o período de estudo. Um 
total de 28% (37/134) dos pinguins foram a óbito, 89,2% 
(33/37) de aspergilose, 11% (4/37) de outras causas, e 97 
foram liberados. A partir dos 33 animais com aspergilose 
comprovada, 21 apresentaram anticorpos anti- A. fumiga-
tus por IDGA, sendo o intervalo médio entre a morte e IDGA 
positivas 16,4 dias. Doze animais com sorologia negativa 
vieram a óbito por aspergilose. As taxas de sensibilidade e 
especificidade foram de 63,6% e 95%, respectivamente, e 
os valores preditivos positivos e negativos foram de 80,7% 
e 88,9 %, respectivamente. Estes dados demonstram que 
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o monitoramento sorológico para detecção de anticorpos 
por IDGA pode ser uma ferramenta importante no diagnós-
tico de aspergilose em pinguins.
TERMOS DE INDEXAÇÃO: Spheniscus magellanicus, Spheniscifor-
mes, cativeiro, Aspergillus sp., aspergilose, anticorpos, imunodi-
fusão.

INTRODUCTION
Aspergillosis is an infectious, non-contagious disease cau-
sed by fungi of the genus Aspergillus, especially those be-
longing to the section Fumigati (Ainsworth & Rewell 1949, 
Abarca 2000, Jones & Orosz 2000, Carrasco et al. 2001, 
Arné et al. 2011, Xavier et al. 2011). Although it has a low 
prevalence in free-living penguins (Hocken 2000, Garcia-
-Borboroglu et al. 2006), this mycosis is extremely impor-
tant at captivity sites (zoos, aquariums and rehabilitation 
centers), where it is considered a major cause of mortality 
of these seabirds and other species(Khan et al. 1977, Flach 
et al. 1990, Diebold et al. 1999, Xavier et al. 2007). 

Aspergillosis in penguins may result in sudden death, 
or present unspecific clinical signs such as lethargy and 
anorexia which may evolve to dyspnea and cyanosis (Khan 
et al. 1977, Flach et al. 1990, Xavier et al. 2007, Xavieret 
al. 2011). Alterations in radiological exams such as thicke-
ning and opacity of air sacs may be evidenced only in late 
frames of the disease, and the alterations as heterophilia 
and eosinophilia on hemogram are unspecific, which does 
not allow a definitive diagnosis of this mycosis (Jones & 
Orosz 2000, Ivey 2000, Beernaert et al. 2010, Cray2011). 
In addition, classical methods in mycology, as direct exa-
mination and cultive have a limited value due to the low 
sensitivity and specificity, and, in addition, the respiratory 
tract endoscopy is an invasive method and requires the 
animal anesthesia. Regarding it, there is no test considered 
the gold standard for definitive diagnosis of aspergillosis 
in birds, being the confirmation of the disease often perfor-
med only by post-mortem examinations (Redig 1994, Gra-
czyk & Cockrem 1995, Cray & Zielezienski-Roberts 1997, 
Jones & Orosz 2000, Beernaert et al. 2010, Cray 2011). This 
data gives to aspergillosis a crucial role as a limitation to 
penguin rehabilitation or in the ongoing maintenance of 
these animals in places like zoos and aquariums, causing 
immeasurable ecological and economic losses (Khan et al. 
1977, Flach et al. 1990, Graczyk et al. 1998, Diebold et al. 
1999, Carrasco et al. 2001, Sanchez et al. 2005, Xavier et 
al. 2007).

Most cases of aspergillosis in captive penguins occurs 
sporadically and is characterized by chronic conditions and 
advanced disseminated disease that can even present the 
formation of large granulomatous masses (Ainsworth & 
Rewell1949, Khan et al. 1977, Flach et al. 1990, Carcciutto-
lo et al. 2009, Xavier et al. 2011). Considering that the for-
mation of these aspergillomas is a lengthy process, during 
which the humoral response can be generated (Martinez-
-Quesada et al. 1993, Graczyk et al. 1998, Beernaert et al. 
2010), and that the in vivo diagnosis of aspergillosis is ne-
eded to start the specific therapy and achieve clinical cure, 
this study aimed to evaluate the performance of serological 
monitoring for detection of anti-Aspergillus fumigatus anti-

bodies by double radial agar gel immunodiffusion (AGID) 
as a method for an early diagnosis of aspergillosis in cap-
tive penguins.

MATERIALS AND METHODS
The study was performed including the Magellanic penguins 
(Spheniscus magellanicus) in transitory captivity for rehabilitation 
during the period from June 2009 to December 2011 at the Center 
for Recovery of Marine Animals of Rio Grande, RS, Brazil(CRAM-
-FURG, 32°03’S, 52°08’W). The project followed the standards 
of animal welfare and was approved by the ethics committee of 
UFPel (nº 6919).

All animals were subjected to sampling of peripheral blood by 
venipuncture from the jugular vein on arrival at the CRAM, and 
every 7-15 days from the medial metatarsal vein over the enti-
re period of captivity until their destination (release to natural 
habitat or death). The sera were separated by centrifugation, ali-
quoted into microtubes and stored at 4°C for analysis. Length of 
stay less than 30 days in CRAM, and animals with only one serum 
sample collected were excluded from the study.

The serological monitoring was performed weekly for detec-
tion of anti-Aspergillus fumigatus antibodies from the AGID tech-
nique, as described by Ouchterlonyet al. (1949), utilizing antigen 
and positive control sera commercially available (Aspergillus 
fumigatus ID antigen IMMY® e Aspergillus fumigatus ID control 
IMMY®). Samples were considered positive in the visualization of 
the identity line (antibody-antigen precipitation line of the sam-
ple adjacent to the control line).

The animals were clinically followed up during the period of 
captivity and all that died underwent post-mortem examinations 
for the determination of the causa mortis, with evaluation of ma-
croscopic and histopathological alterations, mycological exami-
nation with 20% KOH and culture of tissue fragments from the 
respiratory tract (lungs and air sacs) in Sabouraud dextrose agar 
with chloramphenicol at 37°C for up to seven days.

In order to evaluate the test diagnostic precocity, the time 
between the first positive AGID and death of animals with as-
pergillosis was calculated. Data were collected for assessment of 
mortality attributed to aspergillosis in this population, and rates 
of sensitivity (S), specificity (Sp), positive predictive value (PPV) 
and negative predictive value (NPV) of AGID in the diagnosis of 
aspergillosis in penguins were calculated, considering as the gold 
standard the post-mortem examinations.

RESULTS
From the 239 Magellanic penguins received in CRAM du-
ring the study period, 105 were excluded , 64 by staying 
less than 30 days in CRAM and41 by having only one serum 
sample collected, thus, 134 animals took part on the study. 
Of these, 33 eventually died of aspergillosis [31 (93.9%) by 
Aspergillus section Fumigati and two (6.1%) by Aspergillus 
section Flavi], four from other causes, and 97 animals were 
rehabilitated and released to their habitat. The mortality 
rate related to aspergillosis in our study was 89.2%.

All 33 cases of aspergillosis included were classified as 
confirmed cases, with demonstration of granulomatous 
lesions in the lungs (Fig. 1a), fungal aerosaculitis (Fig.1b), 
bronchopneumonia and / or necrosis of the tissues involved, 
associated with the isolation of fungi of the genus Aspergillus 
in mycological cultive and visualization of hyaline, septate, 
forked at an acute angle (45°) hyphae and/or typical fruiting 
structures of the genus Aspergillus in histopathology.
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Fig.1. Lesions observed at necropsy of penguins with aspergillo-
sis. (a) Granulomatous lesions in pulmonary parenchyma, 
white in color and dry in texture. (b) Aerosaculitis showing 
thickening air sacs with a grey-greenish mould on internal 
surface typical of fungal sporulation.

An average of four serological tests was performed per 
animal, ranging from two to ten, according to the period 
in which the animals were kept in captivity (average of 66 
days, ranging from 30 to 271 days). Only about 10% of the 
animals (14/134) were subjected to only two tests, being 
the monitoring of the other 120 animals realized by at least 
three serologic tests, totalizing 660 serum samples tested.

No penguin presented positive AGID on arrival at CRAM. 
During serological monitoring the presence of anti-A. fu-
migatus antibodies were detected by AGID in 26 animals, 
from which 21 died of aspergillosis and the other five were 
released, not showing clinical signs after an average period 
of 79 days (ranging from 28 to 183 days) from the serology 
positive result. From the 108 animals that had no positive 
sample at AGID, twelve died of aspergillosis. This data re-
sulted in rates of 63.6% of sensitivity, 95% of specificity, 
80.7% of PPV and88.9% of NPV.

From the 33 animals with aspergillosis, eight (24.2%) 
had sudden death, without clinical signs. In the remaining 
25 animals that died of aspergillosis, the main clinical signs 
were dyspnea (n=13, 52%), lethargy (n = 11, 44%), ina-

ppetence/anorexia (n=3, 12%) and/or regurgitation (n=2, 
8%).Considering only the 21 animals with positive serolo-
gy and who died of aspergillosis, five (23.8%) had sudden 
death, with no apparent clinical signs, and six (28.5%) sho-
wed dyspnea before the first positive result of AGID. The 
mean period between seropositivity and death of the ani-
mals was 16.4 days (range 0-59 days) (Table 1).

DISCUSSION
Diagnostic testing in avian species remains in the early sta-
ges of development without validation or standardization, 
which is the major complication in the diagnosis of avian 
disease (Cray 2011). When dealing specifically with the 
diagnosis of aspergillosis in penguins, this problem beco-
mes even greater, with few studies published in the litera-
ture (Graczyk & Cockrem 1995, Graczyk et al. 1998, Ger-
man et al. 2002, Cray et al. 2009a, Cray et al. 2009b, Burco 
et al. 2012). Therefore the present study evaluated the effi-
cacy of the double radial agar gel immunodiffusion test as 
a method for diagnosis of aspergillosis in captive penguins 
from serological monitoring, demonstrating high specifici-
ty rates and positive and negative predictive values.

Although the AGID is a quite old technique, it has cha-
racteristics that justify its practical applicability to the pre-
sent day, such as easy operation, especially in the handling 
of small number of samples, low cost and a minimum re-
quirement for laboratory equipment and structure (Lane 
& Warnock 1977, Poli et al. 1981, Billen et al. 2009). In 
addition, being based on a precipitation reaction, the AGID 
does not require the use of species-specific secondary an-
tibodies, which are required for indirect ELISA and are not 
commercially available when dealing with wild animals 
(Graczyk & Cockrem 1995, German et al. 2002, Cray et al. 
2009a, 2009b, Cray 2011), which is the case in our study 
with penguins.

Further, unlike what is described in the studies using 
the ELISA technique to detect antibodies in which a posi-
tive result do not necessarily correlate with clinical disease 
(Graczyk & Cockrem 1995, German et al. 2002,  Cray et al. 
2009a, 2009b, Cray 2011), our study with AGID demon-
strated high PPV. This discrepancy in the interpretation of a 
positive result between these two diagnostic techniques is 
due to that the AGID is less sensitive (Cray 2011), showing 
positive results only in serum samples with large concen-
tration of circulating antibodies, a condition found only in 
individuals with active disease. On the other hand, ELISA 
technique allows disclosure including low concentration of 
circulating antibodies from just the exposure / infection of 
the host to the fungus (Graczyk & Cockrem 1995, Cray et al. 
2009a, 2009b).

Most studies related to techniques for early diagnosis 
of aspergillosis in birds has worked with direct diagnosis 
methods, newer and more advanced, such as galactoman-
nan detection by sandwich ELISA (Arca-Ruibal et al. 2006, 
Cray et al. 2009a, 2009b) or even detection of β-glucan an-
tigen (Burco et al. 2012), not being described in the litera-
ture studies similar to ours, showing rates of S, Sp, PPV and 
NPV for the indirect diagnosis by AGID of aspergillosis in 
birds.
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Table 1. Clinical-epidemiological and serological data of penguins with aspergillosis

	Penguin	 Gender	 Age	 Etiology	 Clinical	 Serology	 Number of	 Period between
				    (Aspergillus	 signs		  serological	 positive serology
				    section)			   tests	 and death (days)

	 1	 U	 J	 Fumigati	 Lethargy 	 NEG	 4	 -
	 2	 U	 J	 Fumigati	 Lethargy	 NEG	 3	 -
	 3	 F	 J	 Fumigati	 WCS	 NEG	 3	 -
	 4	 M	 J	 Fumigati	 WCS	 NEG	 4	 -
	 5	 F	 J	 Fumigati	 Anorexia, repeated	 NEG	 6	 -
					     vomiting
	 6	 F	 J	 Fumigati	 Dyspnea	 NEG	 4	 -
	 7	 M	 J	 Fumigati	 Lethargy	 NEG	 4	 -
	 8	 M	 J	 Fumigati	 Anorexia	 NEG	 3	 -
	 9	 F	 J	 Fumigati	 WCS	 NEG	 2	 -
	 10	 M	 J	 Fumigati	 Dyspnea	 NEG	 3	 -
	 11	 U	 J	 Fumigati	 Dyspnea	 NEG	 3	 -
	 12	 F	 J	 Fumigati	 Dyspnea	 NEG	 4	 -
	 13	 U	 I	 Fumigati	 Dyspnea	 POS	 3	 08
	 14	 U	 I	 Flavi	 Lethargy	 POS	 5	 00
	 15	 F	 J	 Fumigati	 WCS	 POS	 4	 00
	 16	 M	 J	 Fumigati	 Dyspnea	 POS	 4	 21
	 17	 U	 J	 Fumigati	 Lethargy	 POS	 6	 24
	 18	 M	 J	 Fumigati	 Dyspnea	 POS	 2	 18
	 19	 U	 J	 Fumigati	 Lethargy	 POS	 5	 02
	 20	 F	 J	 Fumigati	 Dyspnea, repeated	 POS	 5	 03
					     vomiting
	 21	 F	 J	 Fumigati	 Lethargy, Anorexia, 	 POS	 7	 21
					     Dyspnea
	 22	 U	 I	 Fumigati	 Lethargy	 POS	 3	 24
	 23	 U	 I	 Fumigati	 Lethargy	 POS	 7	 59
	 24	 U	 A	 Fumigati	 Dyspnea, keratitis	 POS	 10	 02
	 25	 F	 J	 Fumigati	 Dyspnea	 POS	 4	 28
	 26	 M	 J	 Fumigati	 Dyspnea	 POS	 9	 31
	 27	 U	 J	 Fumigati	 Lethargy	 POS	 4	 33
	 28	 M	 J	 Flavi	 WCS	 POS	 2	 13
	 29	 U	 J	 Fumigati	 Lethargy	 POS	 3	 42
	 30	 U	 I	 Fumigati	 WCS	 POS	 5	 05
	 31	 U	 I	 Fumigati	 WCS	 POS	 6	 05
	 32	 F	 J	 Fumigati	 WCS	 POS	 2	 06
	 33	 U	 A	 Fumigati	 Dyspnea	 POS	 4	 00

U = unknown, F = female, M = male, J = juvenile, A = adult, WCS = without clinical signs, NEG = negative, 
POS = positive. 

Although these direct diagnostic techniques seeking 
fungal antigen detection demonstrate promising results, 
it should be noted that these tests are not yet standard-
ized for other types of hosts than humans, with no defined 
cutoff, and still has poor accessibility, high cost and large 
variability in results depending on the population studied 
(Wheat 2003, Arca-Ruibal et al. 2006, Aquino et al. 2007, 
Cray et al. 2009a, 2009b, Burco et al. 2012).

In addition, the rates of S, Sp, PPV and NPV for the AGID 
diagnosis of aspergillosis in penguins found in our study 
are similar or even superior to those described by Ar-
ca-Ruibal et al.(2006), in their study with galactomannan 
detection for the diagnosis of aspergillosis in falcons (12% 
S, 95% Sp, 46.1% PPV and 75.4% of VPN using cut-off=1.0), 
and by Cray et al. (2009a, 2009b) who found 67% sensitiv-
ity, 73% specificity, 63% PPV and 76% NPV using the same 
technique (cut-off=0.5) for the diagnosis of aspergillosis in 
bird from different species. Likewise, the results are supe-
rior to those described by Burco et al. (2012), who used the 
technique to detect β-glucan for diagnosis of aspergillosis 
in birds finding rates of sensitivity and specificity of 60% 
and 92.7%, respectively.

The high rates of specificity, PPV and NPV found in our 
study, all above 80%, suggests the applicability of the test 
as a diagnostic method of aspergillosis in penguins, cor-
roborating with other authors who claim that penguins re-
spond to infection by Aspergillus spp. with large amounts 
of antibodies production (Cray 2011), probably due to the 
chronicity of the lesions that occurs with slow progression 
(Ainsworth & Rewell 1949, Carrasco et al. 2011, Xavier et 
al. 2011). These data justify the better results of indirect 
serologic tests compared with direct diagnostic methods 
previously studied and described above.

The false negative results in AGID found in twelve pen-
guins who died of aspergillosis in our study may be due 
to factors of immunosuppression, either by stress, individ-
ual weakness (we should also consider that the animals 
were in different stages of rehabilitation) or even by the 
individual susceptibility to gliotoxin, toxin with deleteri-
ous action on the immune system produced in vivo by the 
etiologic agent, which culminates with low production of 
antibodies by the host (Ouchterlony et al. 1949, Graczyk et 
al. 1998, Nieminem et al. 2002, Cray et al. 2009a, 2009b, 
Beernaert et al. 2010, Arné et al. 2011). Another possi-
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bility would be the acute death of these animals prior to 
sufficient production of IgG required to be detected by 
AGID (Graczyk et al. 1998). In these cases of immuno-
suppression, these individuals could be benefited from a 
direct diagnostic test, such as sandwich ELISA for detec-
tion of galactomannan whose results do not require host 
immune integrity, being their positivity directly related to 
the low concentration of circulating antibodies (Aquino et 
al. 2007, Cray 2011).

On the other hand, the soropositivity found in five an-
imals that were released to their natural habitat could be 
attributed to a spontaneous regression of the infection. 
Probably those penguins were infected and were able to 
suppress the fungus with their own immune response. In 
fact, since we did not had access to another confirmatory 
test for the diagnostic of aspergillosis in vivo, all cases were 
confirmed only at necropsy of those animals that died. Thus 
we can not affirm that these were false-positive results.

Considering that only six penguins showed clinical 
signs before the first positive serology and that the average 
time between the first positive AGID and death from asper-
gillosis was about fifteen days, associated with high rates 
of the predictive values described in our study, we suggest 
that the result of this serological monitoring may be used 
as abutment for starting preemptive aspergillosis therapy 
in penguins at risk of the disease. This would be similar to 
that recommended for neutropenic human patients at risk 
of invasive aspergillosis, who must be monitored by anti-
genemia tests for detection of galactomannan (Maertens et 
al. 2001, Aquino et al. 2007).

The serological monitoring for detection of specific an-
tibodies by double immunodiffusion is useful for detection 
of aspergillosis in captive penguins in risk of developing the 
disease, with high rates of specificity, PPV and NPV. Howev-
er, more studies are needed on the prognosis in cases of 
aspergillosis in penguins whose therapeutic intervention is 
based on the diagnosis by AGID, considering that the aver-
age period between the positive result of this test and the 
death of the animal was less than a month.
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