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ABSTRACT 
Aspergillus fumigatus infection might predispose birds to other respiratory infections with other pathogens such as 

Newcastle Disease Virus (NDV). This study aimed to investigate the incidence of Aspergillus fumigatus in 

commercial farms and its histopathological effects on respiratory organs and to evaluate the immunosuppressive 

effect of aspergillosis on NDV vaccinated birds. Aspergillus fumigatus was isolated from feedstuff and broilers in 

farms with respiratory manifestation. Twenty NDV-vaccinated broiler chickens of 10 days old were experimentally 

infected by feeding on feedstuff contaminated with Aspergillus fumigatus. Twenty vaccinated broilers but not fed the 

contaminated diet were used as the control group. Clinical signs, histopathological changes, NDV antibody levels in 

infected birds were recorded. Clinically, infected birds showed respiratory distress, dyspnea, gasping, ruffled feathers, 

green watery diarrhea, anorexia, lethargy, and unilateral drooping of wing. Histopathological changes were observed 

as disseminated granulomatous foci in the affected lungs, with caseous necrosis and leukocytes infiltration. The 

antibody immune response against NDV significantly reduced in infected birds compared with that of non-infected 

broilers. It is concluded, that Aspergillus fumigatus infection suppresses the immune responses and predisposes the 

broilers to other microbial infections, leading to considerable economic losses in the poultry industry. 
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INTRODUCTION 
 

The genus Aspergillus belongs to a filamentous 

fungal group with wide dispersion in the environment and 

consists of approximately 200 species (Dagenais and 

Keller, 2009). Aspergillosis is a respiratory infection 

caused by fungi of the Aspergillus genus, in which 

Aspergillus fumigatus is the primary species responsible 

for infections in birds and mammals (Souza and Degernes, 

2005). Regarding the types of aspergillosis, A. fumigatus is 

the most pathogenic organism causing brooder pneumonia 

in young chickens, turkeys, and waterfowl (Akan et al., 

2002; Beytut et al., 2004; Cortes et al., 2005). Important 

economic losses are caused in young chicks and turkey 

infected with A. fumigatus (Lupo et al., 2010). 

Aspergillosis in birds could be initiated following the 

inhalation of large numbers of spores over a short period 

of time or chronic exposure to low levels of spores that are 

widely distributed in nature, thus birds frequently contact 

them through contaminated feed or litter, resulting in 

mycotic lesions in the respiratory tract (Arnѐ  et al., 2011; 

Queiroz et al., 2013). The fungus spores are too small and 

can be able to reach the lungs and air sacs. The air sacs are 

usually the primary infection sites since inhaled air 

reaches the posterior thoracic and abdominal air sacs prior 

to contacting epithelial surfaces in the lungs (Nardoni et 

al., 2006). Although A. fumigatus is a ubiquitous and 

opportunistic fungal pathogen causing respiratory tract 

infections, other organs can also be involved. In addition, 

aspergillosis can affect many kinds of birds including 

chickens, turkeys, geese, ducks, quails, ostriches, parrots, 

canaries, pigeons, penguins and starlings (Cacciuttolo et 

al., 2009). Stress is a major predisposing factor for the 

development of the disease (Copetti et al., 2004). 

Inhalation of a large number of fungal spores is associated 

with a severe fungal infection that acted as a stress factor 

and suppresses immune responses due to the production of 

toxins such as gliotoxin (Gumussoy et al., 2004; Yokota et 

al., 2004). Aspergillosis occurs in commercial farms in 

two pathologic forms: acute outbreaks with high morbidity 

and high mortality found in newly hatched birds in 

particular and also in free-ranging fowls or psittacines 

under the poor sanitary or ventilation conditions following 
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inhalation of the spores that lead to brooder pneumonia, 

whereas the chronic outbreaks found in adult birds (Tomee 

and Kauffman, 2000; Beernaert et al., 2010) and 

characterized by diffuse focal lesions in the viscera 

(Kunkle, 2003).  

Newcastle disease is one of the most important viral 

diseases that cause severe economic losses in the poultry 

industry worldwide (MacLachlan and Dubovi, 2011). The 

causative agent of this disease is known as Newcastle 

Disease Virus (NDV) or Avian paramyxovirus 1. This 

virus has been recently classified into the genus Avian 

orthoavulavirus 1 within the subfamily Avulavirinae, this 

subfamily includes three genera, Orthoavulavirus genus, 

Paraavulavirus genus and Metaavulavirus genus in the 

family Paramyxoviridae (Dimitrov et al., 2019). 

 It has been reported that humoral immune responses 

are superior in protecting birds against virulent NDV 

isolates compared to cell-mediated immunity (Reynolds 

and Maraqa, 2000). Contrary, another report declared that 

resistance of birds to challenge with virulent strains after 

vaccination was associated with T memory cell 

stimulation, resulting in active lymphocytes that combat 

the disease (Miller and Koch, 2013).  

Therefore, the current study investigated the 

incidence of aspergillosis in commercial farms based on 

microbiological isolation of A. fumigatus to study 

histopathological changes in organs of infected birds. In 

addition, this study assessed the immunosuppressive effect 

of Aspergillus fumigatus on NDV antibody titer in 

vaccinated broilers.  

 

MATERIALS AND METHODS 

 

Ethical approval 

Scientific Ethical Committee approved the research 

and give the ethical number (Vet 14 Medicine November 

2018 A and K).  

 

Sample collection  

During the periods from November 2018 to February 

2019, 10 broiler flocks at Diyala province with heavy 

respiratory infections and high mortality rates were 

evaluated in this study. Infected chickens showed signs of 

gasping, dyspnea, green watery diarrhea, and anorexia. 

Randomly selected diseased birds were subjected to 

postmortem examination and swab samples were collected 

from infected organs and transferred to the microbiology 

laboratory for culturing. Samples were collected from 

poultry ration spoiled due to humidity and subjected to 

mycological examination.  

 

Samples processing 

All samples collected from birds and rations were 

cultured on Sabouraud Dextrose Agar (SDA) (Oxoid, 

Hampshire, UK) and incubated at room temperature for 

mycological examination. The fungal hyphae were stained 

with lactophenol cotton blue and examined with 40X lens 

under the light microscope )Baron and Finegold, 1990). 

 

Aflatoxin testing 

Feedstuff samples were collected from farms with 

brooder pneumonia and subjected to the Veterinary 

Laboratory of Baquba Veterinary Hospital, Diyala 

Province for aflatoxin testing.   

     

Broilers vaccination 

Forty one-day-old broiler chicks were supplied by 

local hatcheries. The birds were divided into two groups 

(A and B) of 20 birds each. They were separated 

completely from each other and fed with standard grower 

dry ration. At the age of 10 days, maternal antibodies 

against NDV were detected by ELISA kit (Synbiotic, 

USA) in nine birds randomly selected from each group. 

Thereafter, both groups of birds were vaccinated with the 

NDV vaccine (Clone 30, The Netherlands) delivered via 

drinking water at 10 days old. 

 

Experimental infection 

One day post-vaccination, 11-day-old broilers of 

group A fed with dry concentrated ration, whereas, group 

B fed with fungal contaminated feedstuff. The broilers in 

both groups were observed daily until the appearance of 

clinical signs.  

 

Post-infection sampling 

When respiratory clinical signs appeared, the post-

vaccination antibody level against NDV was estimated in 

both groups by collecting blood samples without 

anticoagulant. Serum samples were separated and anti-

NDV antibody titers were determined by the same 

abovementioned ELISA kit according to the 

manufacturer’s instruction. Birds that showed severe 

respiratory signs were subjected to postmortem inspection 

for gross and histopathological examination. Samples from 

internal organs displaying lesions were immediately fixed 

with the 10% neutral buffered formalin to avoid the 

alteration of the tissues through autolysis, dehydrated in a 

graded ethanol series, cleared in xylene, embedded in 

paraffin following trimming and blocking in paraffin. 

Then 5–6 µm thick cross-sections were prepared and 
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stained with Hematoxylin-Eosin (H&E) according to the 

recommended procedure (Luna, 1968). Stained sections 

were viewed under an Olympus image analysis 

microscope and recorded (Olympic, Japan).   

 

Statistical analysis  

All data were analyzed using the SPSS software 

version 24. The values less than 0.05 were considered 

significant. 

 

RESULTS 
 

The overall incidence of aspergillosis in 10 flocks was 70-

90%.  These farms were poorly ventilated, overcrowded, 

and humid. Clinical signs and postmortem findings of 

affected birds clearly indicated aspergillosis. The flock 

history including location of the flock, population of birds 

per flock, age of birds, morbidity, and mortality rates are 

presented in table 1. 

 

Table 1. Morbidity and mortality rates among broilers of commercial farms suspected of aspergillosis in different area of 

Diyala province, Iraq 

Farm number Location Age of birds (day) Number of bird Morbidity rate Mortality rate 

1 Baquba 3 60004 80% 50% 

2 Al-Mokdadia 4 6000 90% 70% 

3 Kanan 6 5000 90% 60% 

4 Baladrose 5 7000 80% 50% 

5 Al-Kales 4 6000 76% 50% 

6 BaqubaΗ 10 7000 90% 70% 

7 Baquba 4 7000 90% 70% 

8 Baquba 5 7000 80% 50% 

9 Al-Mansoria 3 5000 90% 70% 

10 Al-Mokdadia 4 6000 90% 70% 

 

Gross lesions 

The post-mortem examination of chicks showed 

numerous small white-yellowish caseous nodules (<1mm 

in diameter) and large roughly spherical granulomatous 

nodules (>2 cm) located in the lung (Figure 1). Similar 

lesions were observed on the surface of other tissues such 

as kidney, thoracic wall, and abdominal serosa. Nodules 

observed in the lungs and air sacs corresponded to acute 

aspergillosis lesions. 

 

 

 

 

Figure 1. Creamy to yellow color nodules throughout the 

lung (arrow)  

Culturing of swab samples from both infected organs and 

ration showed fungal growth obtained on day 5 post-

culture, with velvety gray to white colonies at first then 

turned to dark green (Figure 2 A). Fungal samples picked 

up from colonies and stained with Lactophenol cotton 

blue, microscopically showed sterigmata, septate hyphae 

bearing conidiophore vesicle, conidiophore, and chains of 

pigmented conidia. The conidiophore vesicle was 

incompletely covered with flask-shaped sterigmata (Figure 

2B). 

 

 
Figure 2. A: Grey-whitish color colony of Aspergillus 

fumigatus appeared on Sabaroud dextrose agar. B: 

Conidiophores with sphere-shaped or semispherical 

conidia (Lactophenol cotton blue staining). 

 

Aflatoxin detection 
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The report of Baquba Veterinary Hospital indicated 

that the contaminated feed contained 43.7 ppb, which is 

considered a very high level of aflatoxin in poultry 

feedstuff. 

Experimentally infected broiler chickens 

Experimentally infected birds in group B showed the 

first clinical signs 3 days post-infection (PI) that 

developed quickly within the next 3 days when two birds 

died. General clinical signs observed in these birds were 

similar to those from clinical cases of 10 flocks, which 

included respiratory distress, dyspnea, gasping (Figure 3), 

ruffled feathers, green watery diarrhea, anorexia, stunting 

growth, lethargy, and unilateral drooping of the wing due 

to infection of the thoracic air sac.  

Eight days post-infection, six birds died due to 

severe respiratory signs, and were subjected to 

postmortem examination and showed similar gross lesions 

mentioned in clinical cases of 10 flocks studied. These 

lesions were observed in the kidney, gizzard, and air sac 

(Figures 4, 5, 6 and 7). Histopathological examination of 

tissue samples from infected lungs showed disseminated 

granulomatous foci in tissue of the lung and air sacs. The 

center of the granulomatous foci contained caseous 

necrosis and necrotic cellular debris surrounded by rims of 

heterophils, lymphocytes, macrophages, and 

multinucleated giant cells. Also, vascular congestion was 

observed (Figure 8 A and B). 

 

 
Figure 3. The signs of gasping and dyspnea in broiler 

chicken 

 
Figure 4. White-yellowish caseous nodules on the 

kidney. 

 
Figure 5. White-yellowish caseous nodules on the outer 

surface of the gizzard. 

 

 
Figure 6. White-yellowish caseous nodules on the wall of 

thoracic air sac. 
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Figure 7. White-yellowish caseous nodules on the wall of 

the abdominal air sac. 

 
Figure 8. Lung tissues of broiler chickens with experimental aspergillosis. Granulomatous lesions with severe mononuclear 

cell aggregation in pulmonary tissues consist mainly of macrophage (A, red arrow) as well as vascular congestion (B, yellow 

arrow) comparing to normal lung (C). (40X, H&E stain) 

 

Aspergillus fumigatus was isolated from samples 

collected from affected organs of experimentally infected 

birds. Two birds died 3 days PI and were followed by the 

death of six birds 8 days PI. While 14 days PI another 10 

birds died and only two birds survived.  Broiler chicks of 

group A did not show any clinical signs and the birds 

survived until the end of the experiment. 

 

Newcastle disease antibody levels 

The mean anti-NDV maternal antibodies for two 

groups were 2298.11 AU (Table 2). The first respiratory 

signs appeared in birds of group B at 13 days of age. 

Blood samples were collected at 16 days of age from 

broilers of groups A and B to estimate anti-NDV 
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antibodies post-vaccination. The mean antibody level was 

10325.5 AU in group A and 3083.33 AU in group B 

(Table 2). 

The comparison of maternal and post-vaccination 

antibody titers showed that the level of antibodies in the 

uninfected group was significantly (p ≤ 0.05) higher than 

that of the fungi-infected group as well as the maternal 

antibodies. 

 

Table 2. Determination maternal and post-vaccination antibody titers against Newcastle disease virus in fungi-infected and 

uninfected broiler chickens, Iraq 

Ab response to NDV 
No. of sampled 

birds/ total birds 

Age of bird at time 

of blood  collection 
Mean Ab GMT SD %CV 

Maternal Ab against NDV in group A and B 18/40 10 days old 2298.11b 1954 268.273 36.79 

Ab titer against NDV 6 days PV in group A 18/20 16 days old 10325.50a 6165 4314.163 34.53 

Ab titer against NDV 6 days PV in group B 18/20 16 days old 3083.33b 1663 2172.733 53.20 

Group A: NDV vaccinated and uninfected broiler chickens. Group B: NDV vaccinated and fungi-infected broiler chickens. NDV: Newcastle disease virus, 

Ab: antibodies, AU: antibody unit, PV: post-vaccination, GMT: Geometric mean, SD: Standard deviation, CV: Coefficient of variation. No: number. Different 
superscript letters in a column indicate a significant difference (p≤ 0.05). 
 

 

 

 

DISCUSSION 

 

In the present study, attempts were made to investigate the 

incidence of avian aspergillosis in commercial broiler 

farms at Diyala province. A similar incidence was 

described by Kapetanov et al. (2011) who reported the 

incidence of aspergillosis was more than 70-90% in most 

countries with tropical climate. Bhattacharya (2003) 

declared that aspergillosis occurs sporadically in wild 

birds but commonly in commercial farms. 

Many species of Aspergillus including A. nidulus, A. 

flavus, A. niger can cause aspergillosis, but the most 

predominant cases are due to A. fumigatus which has very 

small spores in comparison to the spores of other 

Aspergillus fungi (Joseph, 2000; Beernaert et al., 2010; 

Tell et al., 2019). 

The major clinical signs observed in both clinically 

and experimentally infected birds were moderate to severe 

respiratory distress, dyspnea and gasping, which are 

similar to those described by other researchers 

(Bhattacharya, 2003; Musa et al., 2014). 

In the present study, remarkable lesions in 

postmortem examination were similar to those described 

by previous study (Musa et al., 2014) and clearly indicated 

aspergillosis, whereas Olson (1969) mentioned that 

diagnosis of Aspergillus in chickens based on clinical 

signs and postmortem findings is difficult because signs 

exhibited are non-specific and may be confused with other 

bird's infection.  

The histopathological findings of the present study 

were in agreement with the other studies that revealed 

lesions in birds were commonly confined to lungs and air 

sacs and also reported the presence of caseous necrotic 

mass surrounded by inflammatory cells in nodular lesions 

(Yokota et al., 2004; Charlton et al., 2008).  

In the present study, all samples cultured on SDA 

media were positive for A. fumigatus on the basis of 

colony characteristics (white colonies, at first, which 

turned dark green later). Ustimenko (1982) reported that 

the pure culture of A. fumigatus can be obtained from 

white to green mold growth on the walls of caseous 

thickened lungs and air sacs.  

Broiler chicks infected with Aspergillus fumigatus 

had a lower level of anti-NDV antibodies than that in 

uninfected birds, indicating the infection with A. fumigatus 

led to the suppression of humoral immune responses to 

NDV. These results are consistent with the finding of 

many studies. Bellocchio et al. (2005) reported that A. 

fumigatus induced immune response of Th2 lymphocytes 

that had a role in immunosuppression, resulting in 

increased susceptibility to the infection and reduced 

survival. In addition, gliotoxin, a metabolite of A. 

fumigatus has the ability to suppress immune responses 

and cause apoptosis in primary and secondary lymphoid 

organs (Watanabe et al., 2003; Arné et al., 2011; Fouad et 

al., 2019). The concentration of gliotoxin in tissues of 

turkeys with airsacculitis was found to be 70 µg/g 

(Richard et al., 1996a), and the death of peripheral 

lymphocytes of those infected turkeys was attributed to 

high concentration of gliotoxin in their blood (Richard et 

al., 1994b; Arias et al., 2018). 

Celik et al. (2000) reported impairment in the 

activity of T lymphocytes and macrophages phagocytosis 

in broilers affected by aflatoxin accumulation. 

Furthermore, Fontaine et al. (2011) found a new 

immunosuppressive metabolite of A. fumigatus composed 

of polysaccharide known as galactosaminogalactan. Its 
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immunosuppressive activity promotes fungus 

development. Therefore, immune suppression due to 

fungal infection might predispose birds to other fungal, 

bacterial and viral infections (Javed et al., 2005).  

 

 

CONCLUSION  

 

Aspergillosis and aflatoxins suppress immune responses 

that may facilitate the infection of broilers with other 

microbial diseases. Further studies are needed to address 

factors associated with immunosuppression of infected 

birds in poultry farms.  
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