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The aim of  this study was to determine the pathological, mycological and molecular 
fi ndings in turkey poults with different immunological status experimentally infected 
with Aspergillus fumigatus. The investigation was carried out 1, 3, 7, 14 and 21 days after 
intratracheal inoculation of  5.056×107 spores of  A. fumigatus to 14-day-old turkey 
poults in group G-1, as well as to turkey poults in group G-2 which were treated prior 
to infection with dexamethasone. A. fumigatus was isolated on day 1 p.i. in both groups, 
but the number of  positive samples was bigger in group G-1. A. fumigatus was isolated 
from the respiratory organs of  group G-1as early as on day 1 and 3 p.i. in 4 out of  12 
examined specimens (33%). On day 7 p.i. A. fumigatus was possible to isolate from the 
respiratory organs of  50% of  infected birds, on day 14 in 83.33% and on day 21 p.i. A. 
fumigatus was isolated in 6 out of  6 sacrifi ced turkey poults (100%). In dexamethasone-
treated group A. fumigatus isolates from the respiratory organs on day 1 and 3 p.i. were 
same as in group G-1, whereas on  days 7 and 14 p.i. the number of  turkey poults 
positive to A. fumigatus increased in comparison with the untreated G-1 group. The 
histopathological lesions in turkey poults treated with dexamethasone developed earlier, 
were more intensive and extensive. The mycological and nested PCR results revealed a 
higher number of  samples positive for the presence of  A. fumigatus DNA in the group 
G-2, pretreated with dexamethasone.
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INTRODUCTION

Of  all species of  the Aspergillus genus which may cause aspergillosis in poultry, 
Aspergillus fumigatus is the primary causative agent. In turkeys, the disease occurs 
sporadically, often causing severe mortality in young birds and chronic illness in older 
ones [1].
The disease usually runs an acute or chronic course. Invasive aspergillosis is characterized 
by acute forms with variable morbidity and high mortality, rapid progression and poor 
prognosis. Clinical symptoms are characterized by dyspnoea, wheezing and abdominal 
distension due to ascites [2-4]. Chronic aspergillosis occurs after prolonged exposure 
of  birds with impaired resistance to A. fumigatus spores. It usually happens in poultry 
at the age of  13-18 weeks [5-8,4,9]. 
Pathological lesions in birds are commonly confi ned to the lungs and air sacs, although 
infections of  the oral mucosa, trachea, brain, eye, skin, bone, liver, kidney and the nasal 
passages have also been described. Typical lesions are characterized by granulomatous 
infl ammation with necrosis, hemorrhage and the presence of  intralesional fungal 
elements that are locally invasive [10]. Microscopic examination reveals the presence 
of  granulomatous foci and necrosis with a surrounding region of  proliferation 
including giant cells, macrophages, heterophils and lymphocytes and an outer capsule 
of  connective tissue. Branching and septate mould hyphae are systematically observed 
within the lesions [7]. 
The study of  aspergillosis in birds has been carried out in various species (chickens, ducks, 
turkeys, quails and domestic pigeons), of  different ages, in both immunocompetent 
and immunosuppressed birds artifi cially infected with Aspergillus spp. conidia injected 
into the trachea, lungs or directly into the air sacs [11-14]. Although there are some 
reports on the pathogenesis of  aspergillosis in turkey poults [7] little is known about the 
development of  pathomorphological changes and distribution of  the causative agent 
into different tissues, especially in immunosuppressed birds. For that reason, in this 
investigation immunocompetent and immunosupressed (treated with dexamethasone) 
turkey poults were involved. The aim of  this study was to determine the pathological, 
mycological and molecular fi ndings by comparative investigation of  artifi cially infected 
turkey poults with A. fumigatus 1, 3, 7, 14 and 21 days post-inoculation (p.i.). 

MATERIAL AND METHODS 

Animals. The experiment was conducted on 90 turkey poults, hybrid “Converter”, of  
both sexes, divided into four experimental groups: infected groups G-1 and G-2 with 
30 birds per group, and two control groups, G-3 and G-4, with 15 birds in each. The 
turkeys were housed in cages in separate boxes, with appropriate ambient conditions. 
Final disinfection with formaldehyde vapour was performed. The birds were fed ad 
libitum with feed made by Veterinary Institute Subotica intended for the corresponding 
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age category. Before use, the feed tested negative mycologically according to ISO 
21527-2:2008 method. Fresh water disinfected by heat was continually available. 
The research was complied with all the relevant national regulations and institutional 
policies for the care and use of  animals (Ministry of  Agriculture and protection of  
the Environment, Veterinary Directorate, 30 June 2015, No. 323-07-05566/2015-05). 
Aspergillus strain. For the experimental infection the reference strain of  A. 
fumigatus ATCC 204305 (Stock No: 01021, Lot number: 1021-08), Kwik-stiktm 2 Pack 
(MicroBioLogics, USA) was used. According to the manufacturer’s instructions, the 
suspension was seeded on 2 plates of  Sabouraud dextrose agar. One plate was incubated 
at 25°C and the other one at 37°C, both for 48 hours. Thereafter, the colonies from 
both plates were transferred to 5 plates of  Sabouraud dextrose agar and incubated at 
25°C for 72 hours. A. fumigatus conidia were harvested with sterile distilled water and 
after centrifugation at 4°C for 5 minutes at 2000rpm, the spores were counted in a 
Neubauer chamber. 
Experimental study. The turkeys (groups G-1 and G-2) were infected at the age of  
14 days. On arrival and housing the birds were checked for any existing respiratory 
mould infection: 5 turkeys were killed and their lungs were examined by applying on 
Sabouraud dextrose agar at 25°C under aerobic conditions; the plates were checked 
for 7 days and proved negative. 
Group G-1 was inoculated intratracheally with 0.3 ml of  suspension containing 
approximately 5.056×107 spores. Turkey poults in group G-2 were treated for six days 
prior to infection with dexamethasone (Dexaveto® 0.2, V.M.D, Holland) at the dose 
of  4 mg/kg BW/day, administered intramuscularly. These were inoculated with A. 
fumigatus in the same manner and on the same day as G-1. The control group G-3 on 
the fourteenth day of  age was intratracheally inoculated with 0.3 ml of  isotonic sodium 
chloride solution. The control group G-4 was additionally treated with dexamethasone 
for six consecutive days prior to intra-tracheal inoculation with 0.3 ml of  isotonic 
sodium chloride solution. 
After the infection, the turkey poults were monitored three times daily in order to 
assess the clinical status in the p.i. period. The experiment lasted 21 days. 
Six randomly selected turkey poults from G-1 and G-2 and three from G-3 and G-4 
were culled by manual cervical dislocation method on days 1, 3, 7, 14 and 21 p.i., 
necropsied and their lungs, air sacs, livers, hearts and brains were collected for further 
examination.
Immunosupression in groups G-2 and G-4 was proved by the percentage of  heterophils 
and monocytes and percentage of  lymphocytes and eosinophils in blood fi lms stained 
with  Giemsa  -  Wright’s  stain. In that manner the percentage of  heterophils and 
monocytes was signifi cantly increased, whereas the percentage of  lymphocytes 
and eosinophils was signifi cantly decreased by treatment with dexamethasone. 
Consequently, after treatment with dexamethasone, heterophil/lymphocyte ratio was 
signifi cantly increased from 1.4 ± 0.26 to 2.5 ± 0.68. Additionally, immunosupression 
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was proved by cutaneous basophil hypersensitivity test, through the intradermal 
injection of  phytohemagglutinin (PHA) for assessing cell mediated immunity. Skin 
swelling response was measured in millimeters on the interdigital skin. After 24 hours 
in G-1, G-2, G-3 and G-4 groups average values were: 2.50±0.28mm, 2.12±0.18mm, 
2.29±0.41mm and 2.40±0.21mm, respectively. The obtained results confi rmed 
immunosupression in groups G-2 and G-4.
Mycological analysis. The organ samples were set on Sabouraud dextrose agar with 
0.5% chloramphenicol and incubated for 5 days at 25°C under aerobic conditions. 
Sterile cotton swabs were used for sampling of  air sacs. Species identifi cation was 
done according to de Hoog et al. [15]. 
Histopathological analysis. Samples for histopathological study were fi xed in 10% 
buffered formalin and after standard processing in an automated tissue processor 
(dehydration, illumination and impregnation), cast in paraffi n blocks. The paraffi n 
sections, 3-5μm thick, were stained with hematoxylin and eosin (HE), Grocott (Bio-
Optica, Italy) and PAS method (Bio-Optica, Italy) for light microscopic examination. 
Molecular analysis. The air sac swabs were prepared by immersing into sterile PBS 
and mixed vigorously in a vortex mixer. The organ samples (lung, liver, heart and 
brain) from G-1 and G-2 groups were prepared in pools weighing 1 gram composed 
of  6 samples of  each organ (except for G-3 and G-4 groups where pools composed 
of  3 samples), homogenized in a mortar with a pestle, in sterile PBS to obtain the fi nal 
dilution of  1:10. After homogenization, the sample suspensions were centrifuged for 
10 min at 2,000 rpm. The supernatant was used for nucleic acid extraction. 
DNA was isolated by using QIAamp DNA Mini Kit (Qiagen, Germany), following the 
recommended tissue protocols, with a slight modifi cation. Namely, after the overnight 
incubation at 56°C with proteinase K and ALT, the samples were subjected to three 
cycles of  freezing (1 min. in liquid nitrogen) and boiling (2 min.).
For the detection of  A. fumigatus DNA, the nested-PCR protocol was carried out 
according to that described by Bansod et al. [16]. 
The fi rst amplifi cation was accomplished by using the primers AFU7S (5’CGG AAT 
TTA CCC AGC CCG’3) and AFU7AS (5’CGG AAT TTA CCC AGC CCG’3) which 
produced 405 bp amplicons. In order to increase the sensitivity, PCR products with no 
visible bands after the fi rst round were used as the templates for the nested round with 
the primers AFU5S (5’AGG GCC AGC GAG TAC ATC ACC TTG’3) and AFU5AS 
(5 ‘GG G (AG) GT TGC CAA CGT C (CT) C (CT) CC TGA’3) binding to the 18S 
rRNA sites specifi c to A. fumigatus yielding a fi nal product of  236 bp.  
The amplifi cation products were electrophoresed on 2% agarose gel containing 
ethidium bromide, and visualized by UV transillumination. Thermo Scientifi c Gene 
Ruler 100 bp was used for the sizing of  PCR products on the gel.
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RESULTS

Clinical signs

Clinical signs appeared on the second day p.i. as depression and ruffl ed feathers. 
Respiratory dyspnea and nasal discharge appeared on  day 4 p.i. in both groups, and 
was more intensive in group G-2. There were no clinical signs in groups G-3 and G-4. 
All the birds survived to the end of  the experiment.

Macroscopic fi ndings

At necropsy, focal air sac infl ammation, lung oedema and hyperaemia were fi rstly 
observed in G-2 group on day 1 p.i. Diffuse air sac infl ammation and lung granulomas 
were observed fi rstly in the G-2 group on day 3 p.i., while in the group G-1, on the 
14th day p.i. There were no macroscopic lesions on the other organs. 

Mycological and molecular analysis

Mycological and molecular fi ndings obtained from the organs of  turkey poults infected 
with A. fumigatus (groups G-1 and G-2) are presented in Table 1. 
The results of  mycological and molecular research showed that A. fumigatus was isolated 
from the air sacs and the lungs on days 1 and 3 post infection in 2 out of  6 (33.33%) 
turkey poults of  the infected (G-1) group, as well as in the dexamethasone-treated and 
infected group (G-2). A. fumigatus DNA was detected in the pooled samples of  air sacs 
and lungs. 
On day 7 p.i. the causative agent was isolated in the lungs and air sacs in 3 out of  
6 (50%) turkey poults in group G-1, and in 4 out of  6 (66.66%) in group G-2. A. 
fumigatus DNA was detected in pooled samples of  air sacs and lungs in both infected 
groups (G-1 and G-2). 
On day 14 the mould was isolated in 5 out of  6 (83.33%) turkey poults of  group G-1 
and in 6 out of  6 (100%) in group G-2, whilst on day 21 p.i. it was isolated from all 
sacrifi ced turkey poults from groups G-1 and G-2. On days 14 and 21 p.i. the presence 
of  A. fumigatus DNA was confi rmed in pooled samples of  air sacs and lungs in both 
infected groups (G-1 and G-2). The causative agent was not isolated, but only detected 
in the livers of  G-1 turkey poults on days 1, 14 and 21 p.i., whilst on days 7, 14 and 21 
p.i. it was isolated from the liver of  2 out of  6 (33.33%) turkey poults in group G-2. 
In pooled liver samples A. fumigatus DNA was confi rmed on days 7, 14 and 21 in G-2 
group.
On day 7 p.i. the mould was detected in the heart of  G-1 turkey poults, and isolated 
and detected in 1 out of  6 (16.66%) turkey poults in group G-2. On days 14 and 21 
p.i. it was isolated and detected in 4 out of  12 (33%) G-1 and G-2 sacrifi ced turkey 
poults (Tab. 1).
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Table 1. Mycological and molecular fi ndings in turkey poults after inoculation of  A. fumigatus
Number of  animals in which A. fumigatus was isolated (I) and its DNA detected (D)

G   R   O   U   P   S

G-1 G-2 G-3 G-4

Days of  
sacrifi ce

     Organs I D I D I D I D

1

     Air sacs 2/6 + 2/6 + 0/3 – 0/3 –
     Lungs 2/6 + 2/6 + 0/3 – 0/3 –
     Liver 2/6 + 0/6 – 0/3 – 0/3 –
     Heart 0/6 – 0/6 – 0/3 – 0/3 –
     Brain 0/6 – 0/6 + 0/3 – 0/3 –

3

     Air sacs 2/6 + 2/6 + 0/3 – 0/3 –
     Lungs 2/6 + 2/6 + 0/3 – 0/3 –
     Liver 0/6 – 0/6 – 0/3 – 0/3 –
     Heart 0/6 – 0/6 – 0/3 – 0/3 –
     Brain 0/6 – 0/6 + 0/3 – 0/3 –

7

     Air sacs 3/6 + 4/6 + 0/3 – 0/3 –
     Lungs 3/6 + 4/6 + 0/3 – 0/3 –
     Liver 0/6 – 2/6 + 0/3 – 0/3 –
     Heart 0/6 + 1/6 + 0/3 – 0/3 –
     Brain 0/6 + 0/6 + 0/3 – 0/3 –

14

     Air sacs 5/6 + 6/6 + 0/3 – 0/3 –
     Lungs 5/6 + 6/6 + 0/3 – 0/3 –
     Liver 0/6 + 2/6 + 0/3 – 0/3 –
     Heart 2/6 + 2/6 + 0/3 – 0/3 –
     Brain 0/6 + 3/6 + 0/3 – 0/3 –

21

     Air sacs 6/6 + 6/6 + 0/3 – 0/3 –
     Lungs 6/6 + 6/6 + 0/3 – 0/3 –
     Liver 0/6 + 2/6 + 0/3 – 0/3 –
     Heart 2/6 + 1/6 + 0/3 – 0/3 –
     Brain 1/6 + 4/6 + 0/3 – 0/3 –

From both experimental groups 6 turkeys and from the control groups 3 turkeys were dispatched at 
each time of  sacrifi ce
Group 1: Turkeys infected with A. fumigatus
Group 2: Turkeys infected with A. fumigatus after dexamethasone treatment
Group 3: Control group
Group 4: Control group treated with dexamethasone
+ DNA detected  – DNA not detected
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On day 7 p.i. A. fumigatus was detected in the brains of  G-1 and G-2 turkey poults, 
and on day 14 it was detected in G-1 turkey poults, and isolated and detected in the 
brain of  3 out of  6 turkey poults (50%) in group G-2. On day 21 p.i. the mould was 
isolated from the brain of  1 out of  6 (16.66%) G-1 turkey poults. In G-2 turkey poults 
the causative agent was isolated and detected in the brains of  3 out of  6 (50%) turkey 
poults, as well as on day 14 p.i., and on day 21 p.i. it was isolated and detected in 4 out 
of  6 (66.66%) turkey poults. In addition, the mould was not detected in turkey poults 
in the control groups (G-3 and G-4) at any time of  examination.

Histopathological fi ndings

Group infected with A. fumigatus (G-1)

On the fi rst day p.i. thickening of  the pleura due to subpleural accumulation of  serous 
fl uid containing a few cells, mainly heterophils, was noticeable in the lungs. In the 
lung parenchyma there was diffuse hyperaemia and focal cellular periparabronchial 
infi ltration. The cellular infi ltrate consisted of  heterophils, macrophages and 
lymphocytes. The lumen of  the bronchiole and terminal alveoli was without odd 
contents. The bronchial epithelium was oedematous, with initial degenerative changes 
- vacuolisation, and the subepithelial lymphatic tissue was hyperplastic. 
On day 3 p.i., the cellular infi ltration was not limited only to the parabronchioli, 
but was present in other parts of  the parenchyma, formed granulomas consisting 
of  mononuclear cells, macrophages and lymphocytes. In the granuloma or in their 
immediate vicinity, 1-2 rather small multinuclear giant cells were noticeable (Figure 1A, 
Table 2). In this phase no regressive changes were seen in the granulomas.

Table 2. Specifi c lung lesions assessment on the various days p.i.

G-1 G-2

Days post 
infection 1.p.i. 3.p.i 7.p.i. 14.p.i 21.p.i. 1.p.i. 3.p.i 7.p.i. 14.p.i 21.p.i.

Solitary giant 
cell – + + – – – – – – –

Multiple giant 
cell – – + + + – + + + +

Granuloma 
without necrosis – + + – – – – – – –

Granuloma with 
necrosis – – - + + – + + + +

Confl uent 
granuloma – – + + + – – + + +

Legend: – not present, + present
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The air sacs were thick due to edema and infi ltration with heterophils, macrophages 
and lymphocytes. The node-forming tendency of  these cells was noticed, i.e. their 
tendency to form granulomas, but in this phase the presence of  multinucleated giant 
cells was not clearly visible (Figure 1B). In the regions of  intensive cellular infi ltration 
the epithelium of  the air sacs was absent.

Figure 1. Histopathological changes in the turkey poults lungs and air sacs
а) Granuloma and hyperemia in the lung parenchyma (G-1, 3 days p.i.), (HE); b) The thickening of  the air 
sacs due to accumulation of  heterophils (arrow), macrophages (arrowheads) and lymphocytes (asterisks) 
(G-1, 3 days p.i.), (HE); c) Initial necrosis in the center of  the lung granuloma (arrow), surrounded by 
numerous giant cells, heterophils and lymphocytes (G-1, 7 days p.i.), (HE); d) Granuloma on the mucous 
membrane of  bronchiole (G-1, 7 days p.i.), (HE); e) Moderate granulomatous lung infl ammation (G-1, 
14 days p.i.), (HE); f) Large lung granuloma with extended central necrosis surrounded by numerous giant 
cells and fi brous tissue (arrows) (G-1, 21 days p.i.), (HE)
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On day 7 p.i. in the lungs numerous granulomas were noticed, which fused in certain 
regions and spread to wide areas of  lung parenchyma. Central parts of  the granulomas 
consisted of  epithelioid and giant cells, whilst on the periphery there were more 
lymphocytes and heterophils. Apart from solitary cases in giant cells, necrotic changes 
in this phase of  the disease in this animal group were not noticeable (Figure 1C). 
Granulomas of  the same composition were noticed on the mucous membranes of  
bronchioli and on air sacs (Figure 1D).
On day 14 p.i. an increasing number of  granulomas and diffuse infi ltration with 
heterophils, macrophages and lymphocytes were noticed in the lungs. On the vast 
majority of  granulomas necrotic lesions occurred, which were located in the central 
parts of  the granulomas and were homogenous, eosinophilic in appearance, with visible 
remnants of  cellular nuclei in their centre. The necrotic areas were surrounded by 
wreaths of  multinucleated cells, and an intensive infi ltrate consisting of  macrophages, 
heterophils and lymphocytes spread to the periphery (Figure 1E). In the immediate 
vicinity of  these changes, areas of  intensive hyperaemia were present. Regressive 
changes were visible also in the granulomas in the air sacs.
On day 21 p.i. the changes in the lungs and air sacs were similar to those already 
described regarding their character and intensity, with the exception of  necrotic 
lesions, which were generally more intensive. The necrotic areas spread to large parts 
of  the granulomas, they were also located in the centre and usually surrounded by 
numerous multinucleated giant cells which formed a wreath. On the periphery of  the 
granulomas the presence of  fi brous tissue fi bres was noticeable (Figure 1F).
Mould elements, such as hyphae and conidia, were present and visible in areas of  the 
affected lungs and air sacs. The presence of  moulds, especially hyphae, was already 
visible after routine staining with HE, but was more noticeable in slides stained 
using PAS and Grocott’s stain methods. They were located in the central parts of  the 
granulomas, and were present especially in the necrotic areas (Figure 2A). They were 
also detected in multinucleated giant cells. The presence of  the moulds in macrophages 
was especially prominent in older larger granulomas in turkey poults sacrifi ced on day 
21 p.i.
In other organs which were subjected to inspection – the brain, heart, liver – in groups 
G-1 and G-2, histopathological changes were not found.

Group treated with dexamethasone and infected with A. fumigatus (G-2)

In the G-2 group examined on day 1 p.i. the pleura thickening due to oedema and 
infi ltration with numerous heterophils and a few macrophages and lymphocytes 
was noticed. The lung parenchyma was hyperaemic, also infi ltrated with heterophils, 
macrophages and lymphocytes. In the alveoli in certain areas the accumulation of  a 
homogenous, eosinophilic substrate was visible.
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On day 3 p.i. in the lungs of  turkey poults clearly formed granulomas consisting of  large 
numbers of  multinucleated giant cells, epithelioid cells, macrophages, lymphocytes 
and heterophils were found. The multinucleated giant cells were of  various sizes 
and shapes, so that in the same granuloma there were both Langhans type cells and 

Figure 2. Histopathological changes in the turkey poults lungs 
a) Arborized and septed hyphae (arrow) and spores (arrowhead) visible in the central part of  the lung 
granuloma  (G-1, 14 days p.i.), (Grocott); b) Langhans type giant cell (arrow) and foreign-body giant cell 
(arrowhead) in lung granuloma (G-2, 3 days p.i.), (PAS); c) Necrosis in the lung granuloma center (arrow) 
surrounded by rim of  giant cells (G-2, 3 days p.i.), (PAS); d) Bronchial granulomas (arrows) in the mucosa 
(left) and submucosa (right). Exudate (arrowhead) with heterophils and sparse lymphocytes (G-2, 3 days 
p.i.), (HE); e) Numerous confl uent lung granulomas with extensive necrosis (G-2, 21 days p.i.), (HE); f) 
Hyphae and spores in the lung granuloma (G-2, 21 days p.i.), (Grocott)



Jezdimirović et al.:  Experimental infection of  turkey poults with Aspergillus fumigatus

211

foreign-body giant cells (Figure 2B). In a small number of  granulomas initial regressive 
changes were noticed, with central necrosis usually surrounded by multinucleated giant 
cells which formed a wreath of  cells (Figure 2C, Table 2).
In the same period in the mucosa of  the bronchus and bronchioles granulomas 
of  the same composition as of  those in the lung parenchyma, with clearly formed 
multinucleated giant cells were noticed (Figure 2D). The lumen of  bronchioli was 
fi lled with homogenous mucous contents which contained numerous cells, mainly 
heterophils, and a small number of  lymphocytes.
In this group of  sacrifi ced turkey poults the changes on the air sacs were seen as diffuse 
thickening due to edema and intensive infi ltration with heterophils, macrophages, 
epithelioid and multinucleated giant cells. Granulomas were not clearly defi ned, and 
the necrotic areas did not clearly show up.
On day 7 p.i. consolidation and severe infi ltration with cells which formed confl uent 
granulomas were seen in the lungs. Central parts of  granulomas were fi lled with 
eosinophilic necrotic debris in which remnants of  cellular detritus were visible. The 
necrotic debris was also surrounded by a wreath of  multinucleated giant cells.
The necrotic changes in this period were also prominent in the granulomas located in 
the mucous membrane and submucosa of  the bronchus and bronchioli.
On day 14 p.i. the granulomas were of  similar composition and appearance as in 
turkey poults sacrifi ced previously. There was a noticeable difference in the size of  
necrotic areas, which spread to the major parts of  the granulomas in this period. 
The eosinophilic necrotic debris was becoming almost homogenous; the remnants of  
cellular nuclei were less noticeable. 
There was a great thickening of  the air sacs, which were pervaded with confl uent 
granulomas. In the central parts of  the granulomas necrotic changes were readily 
noticeable.
On day 21 p.i. the changes in the lungs and air sacs advanced: both, granuloma number 
and size were larger. In this group a large number confl uent granulomas with extensive 
necrosis was noticed (Figure 2E).
Mould elements – hyphae and spores – were visible from day 1 p.i. The moulds were 
noticed between infi ltrating cells, in the necrotic areas of  the granulomas, as well as in 
the cytoplasm of  multinucleated giant cells (Figure 2F).
On other organs which were examined (liver, hearth and brain) in this group, as well 
as in the previous one, histopathological changes were not noticed.

DISCUSSION

Experimental infection of  birds with A. fumigatus can be achieved by inoculation of  
the spores by various means [17,11,12]. Some of  these routes of  inoculation have 
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certain drawbacks because the dose of  A. fumigatus spores each bird was given cannot 
be determined, and by some means of  application the proximal part of  the respiratory 
system and its defense mechanisms are being more or less avoided, which renders the 
explanation of  pathogenesis of  spontaneous infection diffi cult [18]. In the current 
research two-week-old turkey poults were experimentally infected by individual 
intratracheal inoculation of  suspension containing 5.056×107 A. fumigatus spores per 
bird. This dose did not lead to mortality during the three weeks of  the experiment. 
The approximate dose of  A. fumigatus spores applied into the air sacs in 18-week-
old turkeys did not result in deaths also [10]. However, Arne et al. [19] claim that 
1.2×107 spores inoculated into the trachea lead to death in 20% treated 2-week-old 
Japanese quails. Experimental infection of  three-week-old turkey poults with aerosol 
containing spores, which were applied in the concentration of  5×105 spores per gram 
of  lungs resulted in 50% mortality [20]. Stress and immunosupression caused by 
dexamethasone lead to 100% mortality in pigeons infected with A. fumigatus spores 
inoculated into the lungs [21]. 
On the fi rst day p.i. in this investigation, pulmonary hyperaemia and oedema were 
dominant with initial focal or diffuse cellular infi ltration. Similar fi ndings in the 
fi rst days of  Aspergillus infection were described by Julian and Gory [17], who also 
reported the dominance of  fi brin and fi brinous pneumonia as the fi rst changes in 
further evolution of  the pathological process. 
From day 3 to 21 p.i. granulomatous pneumonia was dominant. Regressive changes 
(necrosis) in the central part of  the granulomas were fi rst detected on day 7 p.i., 
and were prominent on days 14 and 21 p.i. However, Kunkle and Rimler [10] found 
granulomatous changes with necrosis as early as 72 h p.i., which might be related to a 
different application route, dose or higher virulence of  the strain. 
Mould elements were found in the cytoplasm of  multinucleated giant and epithelioid 
cells, which is in accordance with the claims of  other authors [10]. The presence of  
germinative stages of  the mould in blood vessels, which proves their haematogenic 
dissemination [10], was not detected in the current research.
Similar granulomatous forms were described by some other researchers [22-26,5]. 
Sutton et al. [25] suggested the possibility that the moulds proliferate inside the 
granulomas, which gradually increase in size, and that the mould toxins and enzymes 
do damage to the tissues. According to some authors [22,27,26] extensive tissue 
necrosis results from the effects of  A. fumigatus elastase and gliotoxin, which inhibits 
phagocytosis or impair the cooperation of  B and T lymphocytes. In the opinion of  
Kwon-Chung [28] and Ben-Ami [29] the angiotoxic effect of  gliotoxin is responsible 
for the onset of  invasive aspergillosis. A similar effect is exerted by the metabolite 
fumagillin, which inhibits the proliferation of  endothelial cells [30].  
Signifi cant histopathological fi ndings observed on day 3 p.i. in turkey poults pretreated 
with dexamethasone and infected with the mould was granulomatous bronchitis. 
Similar fi ndings were described in chickens which died 15 days p.i. and in which 85% 
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of  the parabronchi were obturated with fi brin, necrotic detritus and granulomas [17]. 
Macroscopic and histopathological fi ndings in the current research proved that in turkey 
poults experimentally infected with A. fumigatus necrotic granulomatous pneumonia 
was established. The comparison of  fi ndings in the two infected groups - those which 
were and which were not pretreated with dexamethasone - detected certain differences 
in the evolution, character and the intensity of  pathological changes. 
Mycological testing of  lung tissue samples and the air sacs of  infected turkey poults 
each day of  sacrifi ce proved the isolation of  A. fumigatus from the respiratory organs 
as early as on days 1 and 3 p.i. It was detected that on days 7 and 14 p.i. the number 
of  isolates of  A. fumigatus from the respiratory organs of  turkey poults infected and 
pretreated with dexamethasone was higher than in those infected but not pretreated. 
This small increase in the number of  isolates on days 7 and 14 p.i. resulted from 
the infl uence of  dexamethasone on cellular immunity: it decreases the number of  
macrophages and their phagocytic activity in the alveolae, as well as the numbers 
of  macrophages in the circulation. Dexamethasone does not infl uence neither the 
concentration of  interleukins and interferons, nor the number of  neutrophils in 
murine model of  aspergillosis [31]. 
Dexamethasone pretreatment in our study did not increase signifi cantly the number 
of  turkey poults in which A. fumigatus was isolated from the heart in comparison to 
the corresponding number in not pretreated but only infected turkey poults; it only 
shortens the time of  initial isolation from the heart (day 7 p.i.) in comparison to the 
birds which were only infected but were not administered dexamethasone (day 14 p.i.). 
Similar results of  isolation of  the mould from the heart were published by Martin et al. 
[8] in fi ve-week-old turkeys spontaneously infected with Aspergillus spp. Mycological 
fi ndings in the heart confi rmed the hematogenic spread of  A. fumigatus, especially 14 
and 21 days p.i.
This investigation proved that dexamethasone increased the number of  A. fumigatus 
isolates from the brain tissue, but the isolation is possible not before two weeks p.i. 
Molecular detection of  A. fumigatus in pooled samples of  lungs and air sacs, heart, 
liver, and brain of  turkey poults on day 1, 3, 7, 14 and 21 p.i. revealed higher 
numbers of  positive samples in G-2 group. This fi nding possibly results from the 
immunosupressive effect of  dexamethasone, which decreases the haemotaxis and 
the phagocytic activity of  lymphocytes and macrophages, which are known to play 
the main role in the immune response [32]. Further, the isolation and detection of  
the mould from the organs (the heart, liver and brain) of  turkey poults treated with 
dexamethasone was possible sooner than in those which were not pretreated. 
It has been known that stress and glucocorticoids primarily decrease the activity of  
macrophages, which eliminate the conidia of  A. fumigatus from tissues and organs 
[2]. Besides, it was proven that glucocorticoids decrease the production and the 
activity of  polymorphonuclear leucocytes, which are capable of  damaging the hyphae. 
Dexamethasone exerts a stronger direct effect on the cells with anticonidial activities 
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than on A. fumigatus itself. However, some authors claim that cortisone exerts effect 
on A. fumigatus, increases the metabolic activity of  hyphae and stimulates moderate 
growth [2].
In this investigation the histopathological changes in turkey poults treated with 
dexamethasone prior to infection with A. fumigatus developed earlier, were more 
intensive and extensive, but also the regressive changes were more extensive and 
occurred earlier. The analysis of  the results obtained with the nested PCR revealed a 
higher number of  samples positive for the presence of  A. fumigatus DNA in the group 
pretreated with dexamethasone.
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KOMPARATIVNA PATOMORFOLOŠKA, MIKOLOŠKA I 
MOLEKULARNA ISPITIVANJA ĆURIĆA RAZLIČITOG 
IMUNOLOŠKOG STATUSA EKSPERIMENTALNO
INFICIRANIH ASPERGILLUS FUMIGATUS

JEZDIMIROVIĆ Nemanja, KURELJUŠIĆ Branislav, IVETIĆ Vojin,
KRNJAIĆ Dejan, RADANOVIĆ Oliver, ŽUTIĆ Jadranka, SPALEVIĆ Ljiljana, 
JOVANOVIĆ Milijan

Cilj ovog ispitivanja je bio da se utvrde patološki, mikološki i molekularni nalazi kod 
ćurića različitog imunološkog statusa koji su eksperimentalno infi cirani sa Aspergillus 
fumigatus. Ispitivanja su obavljena 1., 3., 7., 14. i 21. dana nakon intratrahealne inoku-
lacije 5,056×107 spora A. fumigatus kod 14 dana starih ćurića grupe G-1, kao i grupe 
ćurića G-2 prethodno tretirane deksametazonom. A. fumigatus je izolovan prvog dana 
p.i. u obe grupe, ali je broj pozitivnih uzoraka bio veći u grupi G-2. A. fumigatus je izo-
lovan iz respiratornih organa grupe G-1 već 1. i 3. dana u 4 od 12 ispitivanih uzoraka 
(33%). Sedmog dana p.i. A. fumigatus je bilo moguće izolovati iz respiratornih organa 
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50% infi ciranih ćurića, 14. dana u 83.33%, a 21. dana A. fumigatus je izolovane kod 6 
od 6 žrtvovanih ćurića (100%). U grupi ćurića prethodno tretiranoj deksametazonom 
izolacija iz respiratornih organa 1 i 3 dana p.i. je bila ista kao u grupi G-1, dok se 7 
i 14 dana p.i. broj izolata A. fumigatus povećao u poređenju sa netretiranom grupom 
G-1. Histopatološke lezije kod ćurića prethodno tretiranih deksametazonom bile su 
intenzivnije i opsežnije. Rezultati dobijeni mikološkim ispitivanjem i PCR metodom su 
pokazali da je veći broj uzoraka pozitivan na prisustvo DNK A. fumigatus u grupi G-2 
koja je prethodno tretirana deksametazonom.
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