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ABSTRACT. A widespread deadly outbreak occurred in captive birds belonging to the family Turdidae in Italy. The present study was per-
formed on 46 dead birds coming from 3 small decoy-bird breeders in central Italy. Only Turdus pilaris, Turdus iliacus, Turdus philomelos
and Turdus merula were affected. No other species of bird held by these breeders died. A change of diet before the hunting season was
reported from all breeders. Full necropsy of the animals and histological investigations of representative tissue samples were performed.
Microscopical examination showed marked iron deposits in liver samples. Bacteriological investigations and molecular analysis to exclude
bacterial and viral diseases were carried out. Contamination of food pellet samples by mycotoxins and analysis to detect heavy metal
contaminants in food pellet samples were considered. An interesting result was the high iron content found in food pellets. It was higher
than that considered suitable for birds, especially for species susceptible to development iron storage disease (ISD). Taken together, the
results suggested an outbreak of ISD caused by the high iron content of food given to the birds before the hunting season. The high mortality

recorded only in species belonging to the family Turdidae suggests a genetic predisposition in the affected birds.
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Iron storage disease (ISD) is a basically life-threatening
disease of captivity reported in several species of toucans
(Rhamphastidae), mynahs (Sturnidae), birds-of-paradise
(Paradisaeidae), curassows (Cracidae) and quetzals
(Pharomachrus species) [4, 5, 7, 10, 27]. The pathogenesis
of ISD is still poorly understood, and probably multifactorial
causes should be taken into account. Several studies have
been published on the key role played by dietary iron in
hepatic iron stores [5, 6, 12, 21, 23, 25]. Therefore, dietary
modification is still considered an essential element in its
treatment [0, 8, 21]. For this reason, although diets for birds
should be formulated to contain between 50—100 mg/kg
iron on a dry matter basis [23], levels of 50-65 mg/kg [5]
or even lower levels (30 mg/kg) [7, 8] were recommended
for diets fed to susceptible species. As is well known, ISD
refers to avian patients with clinical signs related to iron
overload and altered organ function. In affected animals, an
increased deposition of hemosiderin in different types of tis-
sue, especially in the liver, heart and spleen, can be observed
[13, 14, 16, 17, 22, 26]. In particular, liver hemosiderosis is
microscopically characterized by iron pigment overload in
Kupffer cells and hepatocytes [4, 14]. Although iron accu-
mulation with hemosiderosis may not always be associated
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with clinical disease, in severe cases, hepatic damage [1, 2]
and heart failure [3, 21] may occur. Clinical signs commonly
reported are not pathognomonic for diagnosis of ISD, and
they reflect to end-stage malfunction of various organs in
which iron has been accumulated. Common clinical signs
of ISD include dyspnea, abdominal distension and ascites,
weight loss and depression. Enlargement of the liver, heart
or spleen is often observed, but hematology and serum bio-
chemical analysis appear to be of little specific diagnostic
value [20].

In humans, the most important iron overload syndrome is
a hereditary condition called hemochromatosis [6].

MATERIALS AND METHODS

From October to January, a widespread deadly outbreak
occurred in captive birds belonging to the family Turdidae in
Italy. Six adult blackbirds (Turdus merula), 6 adult fieldfares
(Turdus pilaris), 20 adult song trushes (Turdus philomelos)
and 14 adult redwings (Turdus iliacus) were sent to the
Diagnostics and Animal Welfare of Istituto Zooprofilattico
Umbria e Marche for necropsy examination. Nineteen of the
birds were male, and 27 were female. All animals came from
3 small decoy-bird breeders in central Italy. The mortality
rates were 15% for fieldfares, 30% for redwings, 32% for
song trushes and 14% for blackbirds. No other species of
bird held by these breeders (Coccothraustes coccothraustes,
Alauda arvensis and Fringilla montifringilla) died.

The breeders reported a recent change of diet before the
hunting season. A commercial low iron (25 mg) balanced
diet specifically formulated to encourage singing birds was
used.
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The clinical histories of all the dead birds included an-
orexia, lethargy and finally dyspnea and death. Further sig-
nificant anamnestic data were not reported.

A full necropsy examination of all dead birds was per-
formed, and representative tissue samples were removed
and fixed in 10% neutral buffered formalin for routine
histological examination. Hematoxylin and eosin, Masson’s
trichrome and Perls’ Prussian blue staining were performed.
During necropsy, fresh tissue samples from lungs, brain and
intestines were collected and subjected to molecular analysis
for Newcastle disease virus (NDV), avian influenza virus
and West Nile disease virus. Viral RNA was extracted from
the collected tissues using a Qlamp Viral RNA Mini Kit
(QIAGEN, GmbH, Hilden, Germany) according to the man-
ufacturer’s recommendation. The extracted RNA was store
at —80°C until use. A 316 bp fragment of the fusion protein
gene (F) of NDV was amplified from randomly transcribed
c¢DNA using the primers NDVF-for2 and NDVF-revl [11].
PCR products of the expected size were verified by agar gel
electrophoresis. A fragment of gene M of avian influenza
virus was amplified using a real-time one-step RT-PCR as
previously described by Spackman et al. [24]. Two one-step
real-time quantitative reverse transcription polymerase chain
reaction (qQRT-PCR) assays for the simultaneous detection

Fig. 1. Blackbird (7urdus merula). Liver with marked brown
granular deposits consistent with hemosiderin localized espe-
cially in periportal hepatocytes (H-E, x 10).

Fig. 2. Blackbird (7urdus merula). Panlobular storage of large
dark blue material considered to be iron deposits associated with
severe hepatocytes sideronecrosis (Perls’ Prussian blue staining,
% 20).

Fig. 3. Fieldfare (Turdus pilaris). Heart. Extensive myocardial
necrosis characterized by fragmented myocardial fibers and mu-
coid edema with scant leukocyte infiltration (H-E, x 20).

of West Nile virus (WNV) lineage 1 and 2 strains were
performed. The primers and probe for assay 1 targeted the
5’-untranslated region (UTR), whereas the amplicon for as-
say 2 was located in the nonstructural region NS2A, which
enables an unambiguous and independent WNV diagnosis
based on 2 different amplicons as described previously [9].
Intestinal and hepatic specimens were also aseptically
collected for bacteriological examinations. Coprological
examination of fresh stool specimens was also performed.
Moreover, touch imprint (TI) cytology from heart and liver
samples were prepared. These specimens were stained with
a combination of May-Griinwald and Giemsa-Romanowsky
stains, using a method described by Pappenheim [18]. Con-
tamination of food pellet samples by mycotoxins (aflatoxin
B1 — AFLBI, ochratoxin A — OTA and zearalenone — ZEA,
fumonisin B1, B2 and B3) was investigated. AFLB1, OTA
and ZEA were examined in a single chromatographic run by
high-performance liquid chromatography (HPLC) coupled
with a fluorimetric detection after purification by an immuno-
affinity column (IAC) (Vicam AOZ, Milford, MA, U.S.A.).
Samples were homogenized by preparation of a slurry with
water at a ratio of 1:1.6 (w/v) and then extracted with ACN.
The retention time (RT) was used for identification purposes,
while concentrations of samples were calculated by interpo-
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lation with a calibration curve. Fumonisins B1, B2 and B3
as well also were determined by IAC (R-Biopharm Rhone
P31). The feed samples were homogenized by preparation of
a slurry with water at a ratio of 1:2.5 (w/v) and then extracted
with ACN/MeOH. The purified extracts were analyzed by
triple quadrupole LC-MS/MS (API 3200 QTrap) in MRM
mode. For each molecule, two transitions were monitored
(quantifier and qualifier). The retention time (RT) and ion ra-
tio (IR) were used for identification purposes, while concen-
trations were calculated by interpolation with a calibration
curve. Analysis of heavy metal contaminants in food pellet
samples (iron (Fe), copper (Cu), zinc (Zn) and lead (Pb))
was determined by atomic absorption spectrophotometry
(AAS) with an air-acetylene flame after mineralization of
the sample. Mineralization was carried out by a dry process.
Ten grams of sample were incinerated in a muffle at 410 +
20°C for 6 hr. The ashes were treated with 10 m/ HNO3/H20
1:1 (v/v). Subsequently, the sample was placed again in the
muffle at 410 + 20°C until it was reduced to white ashes. The
ashes were dissolved in 10 m/ of HCI/H20 1:1 (v/v), and
the volume was brought to 100 m/ with water. The elements
were determined by AAS at appropriate wavelengths.

RESULTS

At necropsy, all birds showed moderate to marked con-
gestion and enlargement of the liver and spleen. The liver
was found to be dark brown in color in around 10% of the
birds. Moreover, the heart of some animals appeared en-
larged, showing small well-demarcated, pale grayish areas
consistent with necrosis. The necrosis involved mainly the
apex and right ventricle.

Microscopic examination of liver samples showed venous
congestion and severe, mainly periportal, parenchymal cell
degeneration. Yellow/gold to brown granular pigment in
the cytoplasm of hepatocytes consistent with hemosiderin
was detected in all liver samples (Fig. 1). Necrosis of iso-
lated hepatocytes was also observed. Perls’s Prussian blue
staining revealed a variable grade of iron deposits in liver
samples. Forty percent of birds showed marked iron deposits
in periportal (zone 1) hepatocytes; 50% showed accumula-
tion of iron in periportal and midzonal (zones 1 and 2)
hepatocytes; 10% of birds showed marked panlobular iron
deposits accumulation (zones 1, 2 and 3) (Fig. 2). Black-
birds showed the most severe iron accumulation, while song
trushes appeared to be a less affected species. The levels of
hemosiderosis in the livers of the investigated species are
summarized in Table 1. Masson’s trichromic staining did not

Table 1. Level of hemosiderosis in the livers of four investigated
species

.o . . Song .

Iron deposits in Blackbirds Fieldfares Redwings

trushes

Periportal 0 1 14 3
Periportal and midzonal 2 4 6 11
Panlobular 4 1 0 0

show hepatic fibrosis. Microscopical examination of heart
samples showed acute myocardial necrosis characterized
by small groups of eosinophilic and fragmented myocardial
fibers in 37% of the birds examined (Fig. 3). Capillary dila-
tation and mucoid edema with scant leukocyte infiltration
were also observed. Perls’s Prussian blue staining revealed
occasionally granular iron deposits in scattered myocardial
cells. Iron deposits were also detected in tubular epithelial
cells. No other histological lesions were observed. Analysis
for Newcastle disease, avian influenza and West Nile virus
showed negative results, as did bacteriological exams. Co-
prological examination of fresh stool specimens revealed
coccidian oocysts of the genus Isospora in 36% of the birds.
Touch imprint cytology of heart and liver samples showed
microfilariae in 13% of the examined birds. HPLC and IAC
for evaluation of AFLB1, OTA and ZEA and Fumonisins
B1, B2 and B3, respectively, in food pellets showed negative
results. Analysis of heavy metal contaminants in food pellets
by AAS revealed the following values: iron 111 mg/kg; cop-
per 6 mg/kg; zinc 38 mg/kg; lead 0.132 mg/kg.

DISCUSSION

ISD is predominantly a disease of avian susceptible spe-
cies that are highly efficient at absorbing dietary iron and
do not downregulate iron absorption sufficiently when fed
iron-rich diets [5, 26]. ISD is characterized by a massive
accumulation of iron in the liver until heart failure, ascites,
hypoalbuminemia and death occur [3, 12, 23]. In toucans
(Rhamphastidae), mynahs (Sturnidae), birds-of-paradise
(Paradisaeidae), curassows (Cracidae), quetzals (Pharoma-
chrus species), tanagers and hornbills, hepatic iron overload
associated with disease has been previously reported [4, 5, 7,
10, 13, 15, 27]. ISD in Turdus species has not been reported
until now.

In this report, we described a sudden deadly outbreak
in Italian birds of the Turdidae family. Firstly, Newcastle
disease, avian influenza, West Nile fever and bacterial dis-
eases were excluded by PCR and bacteriological exams.
Considering the change of diet before the deadly outbreak,
analyses of commercial diet for mycotoxins and metal con-
tamination were performed. Analysis for mycotoxins with
HPLC showed negative results. On the other hand, analysis
for heavy metal contaminants in food pellet samples showed
a higher level of iron than that reported on the food label.
Moreover, the iron content was higher than that considered
suitable for birds [23]. In particular, it was three times higher
than that recommended for feeding to iron-sensitive spe-
cies [7, 8]. Microscopical examination of the liver showed
marked accumulation of iron characterized by a progres-
sive involvement of hepatocytes from zone 1 to zone 3.
The blackbird seems to be more severely affected, showing
marked panlobular iron deposit accumulation. On the other
hand, the song trhush seems to be the least resistant species,
showing a high mortality despite less marked iron deposition
compared with the other investigated birds. However, clini-
cal signs of ISD, usually considered expression of chronic
liver damage [23], fibrosis, cirrhosis or neoplasms, were not
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detected in our birds. Conversely, acute liver damage rep-
resented by degeneration and necrosis of hepatocytes with
iron overload (sideronecrosis) was constantly found. It is
likely that the time required for these birds to develop hepat-
ic chronic lesions has been too short and that acute liver and
heart failure resulted in sudden death. Taken together, the
results suggested an outbreak of ISD caused by a high iron
content in the diet given before the hunting season. Since
the environmental and nutritional conditions of the three
small bird-decoy breeders were uniform, the mortalities that
occurred only in blackbirds, fieldfares, song trushes and in
redwing may suggest a predisposition of these species to
development of ISD. Captivity-related stress and parasitism
found in these birds could be considered possible co-factors
triggering ISD [3, 19].
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