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“A Retrospective Histopathological Study on Anthracosis in Captive Wild Birds”
ABSTRACT

Anthracosis, milder type of pneumoconiosis is the asymptomatic pathological condition of lung generally caused by the accumulation of carbon in the lungs as a result of repeated exposure to polluted air or inhalation of smoke or coal dust particles. The present study includes report of anthracosis in different species of wild birds presented to the Department of Veterinary Pathology, Kamdhenu University, Navsari-396450, Gujarat, India from nearby Zoo during time period of February 2019 to February 2024. A total of 36 lung tissues of wild birds including 10 different families i.e.  Psittaculidae, Psittacidae, Pelicanidae, Threskiornithidae, Casuariidae, Struthionidae, Accipitridae, Phasianidae, Gruidae and Otididae were submitted for histopathological examination, in which 47.22% (17/36) birds were found to be affected of anthracosis. Histopathologically, deposition of coal dust in lungs was categorised as normal/no anthracosis, minimal, moderate and severe based on its visualisation in single field of low resolution. Presence of only one foci was distributed as minimal, 2-3 foci as moderate and more than 3 foci as severe. In this study, 19/36 (52.78) birds were not affected by anthracosis (Normal), 19.44% (7/36) birds showed minimal anthracosis while 5.56% (2/36) birds showed moderate and 22.22% (8/36) birds showed severe anthracosis. The higher prevalence of anthracosis was noted in birds aged over 10 years of age compared to the other age group suggesting a possible age-related accumulation of inhaled carbon particles.
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1.  INTRODUCTION
Anthracosis, milder type of pneumoconiosis is the asymptomatic pathological condition of lung generally caused by the accumulation of carbon in the lungs as a result of repeated exposure to polluted air or inhalation of smoke or coal dust particles (Mirsadraee, 2014). Anthracosis in a range of domestic animals has been documented while reports on the occurrence of the anthracosis in captive wild animals are scarce (Manohar et al. 2006; Sujatha et al. 2007). Ahasan et al. (2010) reported that carbon deposition might be associated with congestion or hemorrhages and rarely with fibrosis and infiltration of mononuclear cells sometimes with collapsed alveoli. Air pollution remains one of the most pressing environmental challenges worldwide, with growing implications for the health of both humans and animals. Among various airborne contaminants, particularly carbon-based particles have been linked to respiratory diseases (Kampa & Castanas, 2008). When inhaled, these fine particles can accumulate in the lungs, leading to a condition known as anthracosis, which is histopathologically characterized by the presence of black carbon pigments within the lung tissue, typically without significant inflammation or fibrosis (Rafnsson & Gunnarsdóttir, 1991; Oberdörster et al., 2005).
Although anthracosis has been well studied in humans, especially in occupational settings such as mining and heavy traffic exposure (Miller et al., 2012), its occurrence in wildlife, including avian species, has not been extensively documented. Birds are particularly vulnerable to air pollutants due to their highly efficient respiratory system and elevated oxygen demand during flight (Maina, 2000). These physiological traits, combined with their constant interaction with the environment, make them suitable biological indicators of environmental health (Van Duzer, 2003; Clements et al., 2014). Evidence from past studies has shown pathological signs in birds from polluted environments, such as pigment deposits, tissue damage, and signs of respiratory stress (Rezaie et al., 2021; van der Schyff et al., 2021). However, detailed assessments of anthracosis in wild birds within India remain largely unavailable, even though the country experiences high levels of air pollution, primarily driven by industrial growth, urban expansion, and vehicular emissions (Guttikunda & Jawahar, 2014).

The study aims to determine the prevalence and severity of anthracosis using histopathological methods and to explore any association with the age of birds. The findings offer important baseline data and contribute to broader discussions on environmental monitoring and avian health in polluted ecosystems.

2. MATERIAL AND METHODS
The present study includes report of anthracosis in different species of wild birds presented to the Department of Veterinary Pathology, College of Veterinary Science and Animal Husbandry, Kamdhenu University, Navsari-396450, Gujarat, India from nearby Zoo 
during February 2019 to February 2024. A total 36 lung tissues of wild birds including 10 different families i.e.  Psittaculidae, Psittacidae, Pelicanidae, Threskiornithidae, Casuariidae, Struthionidae, Accipitridae, Phasianidae, Gruidae and Otididae were submitted to Department of Veterinary Pathology for histopathology. 
2.1 Histopathological Examination

The lungs were fixed in 10% neutral buffered formalin. After proper fixation for 3 to 4 days, the tissue samples were washed with running tap water and then dehydrated in ascending grades of isopropyl alcohol, cleared in xylene and embedded in paraffin wax (melting point 60oC). The paraffin-embedded tissue blocks were cut into thinner sections about 4-5 μm size by using of semi-automated rotary microtome (Yorko, YSI 122). The paraffin-embedded sections were passed through sequential steps of deparaffinization in xylene and stained by routine haematoxylin and eosin (H&E) stains (Luna, 1968). The H&E-stained slides were observed under a light microscope and lesions were recorded. According to details of the samples, birds were categorized family-wise, grade-wise and age-wise to know the prevalence.

2.2 Grade-wise Categorization of Wild Birds
Wild birds were categorised using the method described by the (Leya et al., 2023) with minor modifications. Deposition of coal dust in lungs were categorised as Normal, minimal, moderate and severe based on its visualisation in single field of low resolution. Absence of foci of anthracosis was considered as a normal. Presence of only one foci 
was distributed as minimal, 2-3 foci as moderate and more than 3 foci as severe. The wild birds were classified into different grades according to severity of anthracosis, which included grade 0 (normal/no anthracosis), grade 1 (minimal), grade 2 (moderate), and grade 3 (severe). 
2.3 Sex-wise Categorization of Wild Birds
Wild birds were divided age wise and details are depicted in table 1.
Table 1: Details of wild birds according to family, common name and sex.
	NO.
	FAMILY
	COMMON NAME
	Male
	Female
	Total

	1
	Psittaculidae
	Rainbow Lorikeet
	1
	2
	3

	
	
	Chattering Lory
	1
	1
	2

	
	
	Total
	2
	3
	5

	2
	Psittacidae
	Macaw Parrot
	1
	1
	2

	
	
	Gray Parrot
	-
	1
	1

	
	
	Moluccan Cockatoo
	-
	1
	1

	
	
	Total
	1
	3
	4

	3
	Pelecanidae
	Rosy Pelicans
	-
	1
	1

	
	
	Total
	0
	1
	1

	4
	Threskiornithidae

	Spoon Bill
	-
	1
	1

	
	
	Total
	0
	1
	1

	5
	Casuariidae
	Emu
	1
	3
	4

	
	
	Total
	1
	3
	4

	6
	Struthionidae
	Ostrich
	-
	2
	2

	
	
	Total
	0
	2
	2

	7
	Accipitridae
	Oriental Honey Buzzard
	-
	1
	1

	
	
	Indian Kite
	-
	2
	2

	
	
	Black Kite
	1
	-
	1

	
	
	Total
	1
	3
	4

	8
	Phasianidae
	Golden Pheasant
	1
	-
	1

	
	
	White Pea Fowl
	3
	1
	4

	
	
	Pea Fowl
	2
	-
	2

	
	
	Lady Amherst’s Pheasant
	2
	-
	2

	
	
	Total
	8
	1
	9

	9
	Gruidae
	Crane
	-
	1
	1

	
	
	Total
	-
	1
	1

	10
	Otididae
	Great Indian Bustard
	1
	4
	5

	
	
	Total
	1
	4
	5

	Grand Total
	14
	22
	36


2.4 Categorization of Wild Birds into Different Age Groups
Wild birds were categorized using the method described by the (Leya et al., 2023) with minor modifications. Wild birds were divided in three age groups such as 5 years or less, 5 to 10 years and over 10 years of age group. The details are depicted in table 2.
Table 2: Details of wild birds according to different age groups.
	NO.
	FAMILY
	COMMON NAME
	5 years or less
	5-10 years
	Over 10 years
	Total

	1
	Psittaculidae
	Rainbow Lorikeet
	-
	1
	2
	3

	
	
	Chattering Lory
	-
	-
	2
	2

	
	
	Total
	0
	0
	5
	5

	2
	Psittacidae
	Macaw Parrot
	1
	-
	1
	2

	
	
	Gray Parrot
	-
	-
	1
	1

	
	
	Moluccan Cockatoo
	-
	1
	-
	1

	
	
	Total
	1
	1
	2
	4

	3
	Pelecanidae
	Rosy Pelicans
	-
	-
	1
	1

	
	
	Total
	0
	0
	1
	1

	4
	Threskiornithidae
	Spoon Bill
	-
	1
	-
	1

	
	
	Total
	0
	1
	0
	1

	5
	Casuariidae
	Emu
	2
	2
	-
	4

	
	
	Total
	2
	2
	0
	4

	6
	Struthionidae
	Ostrich
	2
	-
	-
	2

	
	
	Total
	2
	0
	0
	2

	7
	Accipitridae
	Oriental Honey Buzzard
	-
	-
	1
	1

	
	
	Indian Kite
	-
	2
	-
	2

	
	
	Black Kite
	-
	1
	-
	1

	
	
	Total
	0
	3
	1
	4

	8
	Phasianidae
	Golden Pheasant
	-
	1
	-
	1

	
	
	White Pea Fowl
	-
	2
	2
	4

	
	
	Pea Fowl
	1
	-
	1
	2

	
	
	Lady Amherst’s Pheasant
	1
	-
	1
	2

	
	
	Total
	1
	3
	5
	9

	9
	Gruidae
	Crane
	-
	-
	1
	1

	
	
	Total
	0
	0
	1
	1

	10
	Otididae
	Great Indian Bustard
	3
	2
	-
	5

	
	
	Total
	3
	2
	0
	5

	Grand Total
	10
	13
	13
	36


2.5 Statistical Analysis

Results of sex wise and age wise prevalence of anthracosis were analysed statistically by use of SPSS 20.0 statistical software (SPSS, Inc., 2009). Chi square test was performed and superscripts were assigned according to chi square test. 
3. RESULTS

3.1 Histopathological Examination 

Histopathological examination of lungs showed severe large sized diffuse black pigment accumulation, haemorrhages, infiltration of inflammatory cells, fibrous tissue proliferation and focal mineralization. The histopathological severity of anthracosis was categorized based on the number of coal dust foci seen under low-power magnification. Out of the 36 birds studied, 47.22% (17/36) were affected by anthracosis. Details of grade wise distribution of wild birds is depicted in Figure 1 and table 3.
[image: image1.jpg]Figure 1: Lungs: Diffuse black pigment accumulation (Anthracosis), H & E stain (Low power resolution), A

& B: Minimal Anthracosis (Presence of only one foci), C & D: Moderate Anthracosis (Presence of
2-3 foci) and E & F: Severe Anthracosis (Presence of more than 3 foci).




3.2 Severity Grading of Anthracosis
The severity of anthracosis was graded histopathologically based on the number of coal dust foci observed under low-power magnification. A total of 47.22 % (17/36) birds were affected of anthracosis. Wild birds were distributed as a grade wise which includes 0 (normal/ no anthracosis), 1 (minimal), 2 (moderate) and 3 (severe). Out of 36 birds, 19 (52.78%) birds were not affected by anthracosis. In which, 7/36 (19.44%) birds showed minimal occurrence, 2/36 (5.56%) birds showed moderate occurrence and 8/36 (22.22%) birds showed severe occurrence of anthracosis.

Table 3: Grading of anthracosis in wild birds
	Grade
	Severity of Anthracosis
	No. of Birds
	Percentages (%)

	0
	Normal/No Anthracosis
	19
	52.78

	1
	Minimal
	7
	19.44

	2
	Moderate
	2
	5.56

	3
	Severe
	8
	22.22


The distribution of birds across the severity grades (Normal, Minimal, Moderate, Severe) is different. In other words, anthracosis does not occur equally across all grades.
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Figure 2: Severity of anthracosis in wild birds

3.4 Family-wise and Sex-wise Prevalence of Anthracosis in Wild Birds
A total of 36 lung tissues were obtained from ten avian families. Incidence was higher in Phasianidae (6/17, 35.29%), followed by Accipitridae (3/17, 17.65%), Psittaculidae (2/17, 11.76%) Psittacidae (2/17, 11.76%), Pelicanidae (1/17, 5.88%), Threskiornithidae (1/17, 5.88%), Struthionidae (1/17, 5.88%), Gruidae (1/17, 5.88%), Casuariidae (0/17) and Otididae (0/17). In present study, 14 were male (38.89%) and 22 (61.11%) females. 
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Figure 3: Sex-wise numbers of wild birds
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Figure 4: Sex-wise prevalence of anthracosis

Table 4: Sex-wise incidences of anthracosis in wild birds
	FAMILY
	Male Positive
	%
	Female Positive
	%
	Total Positive
	%

	Psittaculidae
	1
	11.11
	1
	12.50
	2
	11.76

	Psittacidae
	1
	11.11
	1
	12.50
	2
	11.76

	Pelecanidae
	-
	0.00
	1
	12.50
	1
	5.88

	Threskiornithidae
	-
	0.00
	1
	12.50
	1
	5.88

	Casuariidae
	-
	0.00
	-
	0.00
	-
	0.00

	Struthionidae
	-
	0.00
	1
	12.50
	1
	5.88

	Accipitridae
	1
	11.11
	2
	25.00
	3
	17.65

	Phasianidae
	6
	66.67
	-
	0.00
	6
	35.29

	Gruidae
	-
	0.00
	1
	12.50
	1
	5.88

	Otididae
	-
	0.00
	-
	0.00
	-
	0.00

	Total
	9
	52.94
	8
	47.06
	17
	100


3.4 Age-wise Distribution
The incidence of anthracosis was analysed with respect to age. The higher incidence of anthracosis i.e. 66.67% (10/15) was noted in birds aged over 10 years of age compared to birds aged between 5 to 10 years (41.67%, 5/12) and 5 years or less (22.22%, 2/9). 
Table 5:  Age‑related Incidences of anthracosis in wild birds

	NO.
	FAMILY
	COMMON NAME
	5 years or less
	%
	5-10 years
	%
	Over 10 years
	%
	Total
	%

	1
	Psittaculidae
	Rainbow Lorikeet
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Chattering Lory
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Total
	0
	0.00
	0
	0.00
	2
	20.00
	2
	11.76

	2
	Psittacidae
	Macaw Parrot
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Gray Parrot
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Moluccan Cockatoo
	-
	0.00
	-
	0.00
	-
	0.00
	0
	0.00

	
	
	Total
	0
	0.00
	0
	0.00
	2
	20.00
	2
	11.76

	3
	Pelecanidae
	Rosy Pelicans
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Total
	0
	0.00
	0
	0.00
	1
	10.00
	1
	5.88

	4
	Threskiornithidae
	Spoon Bill
	-
	0.00
	1
	20.00
	-
	0.00
	1
	5.88

	
	
	Total
	0
	0.00
	1
	20.00
	0
	0.00
	1
	5.88

	5
	Casuariidae
	Emu
	-
	0.00
	-
	0.00
	-
	0.00
	0
	0.00

	
	
	Total
	0
	0.00
	0
	0.00
	0
	0.00
	0
	0.00

	6
	Struthionidae
	Ostrich
	1
	50.00
	-
	0.00
	-
	0.00
	1
	5.88

	
	
	Total
	1
	50.00
	0
	0.00
	0
	0.00
	1
	5.88

	7
	Accipitridae
	Oriental Honey Buzzard
	-
	0.00
	-
	0.00
	-
	0.00
	0
	0.00

	
	
	Indian Kite
	-
	0.00
	2
	40.00
	-
	0.00
	2
	11.76

	
	
	Black Kite
	-
	0.00
	1
	20.00
	-
	0.00
	1
	5.88

	
	
	Total
	0
	0.00
	3
	60.00
	0
	0.00
	3
	17.65

	8
	Phasianidae
	Golden Pheasant
	-
	0.00
	-
	0.00
	-
	0.00
	0
	0.00

	
	
	White Pea Fowl
	-
	0.00
	1
	20.00
	2
	20.00
	3
	17.65

	
	
	Pea Fowl
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Lady Amherst’s Pheasant
	1
	50.00
	-
	0.00
	1
	10.00
	2
	11.76

	
	
	Total
	1
	50.00
	1
	20.00
	4
	40.00
	6
	35.29

	9
	Gruidae
	Crane
	-
	0.00
	-
	0.00
	1
	10.00
	1
	5.88

	
	
	Total
	0
	0.00
	0
	0.00
	1
	10.00
	1
	5.88

	10
	Otididae
	Great Indian Bustard
	-
	0.00
	-
	0.00
	-
	0.00
	0
	0.00

	
	
	Total
	0
	0.00
	0
	0.00
	0
	0.00
	0
	0.00

	Grand Total
	2
	11.76
	5
	29.41
	10
	58.82
	17
	100.00
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Figure: 5 Age-wise percentage of anthracosis in wild birds
Table 6: Overall prevalence of anthracosis in wild birds

	Sex-wise prevalence of anthracosis in wild birds

	Sex
	Total
	Positive
	Percent Positive

	Male
	14
	9a
	52.94

	Female
	22
	8a
	47.06

	Total
	36
	17
	47.22

	χ2= 3.84 (P<0.05), no significant difference

	Age-wise prevalence of anthracosis in wild birds

	Age
	Total
	Positive
	Percent Positive

	5 years or less
	10
	2b
	11.76

	5 to 10 years
	13
	5a
	29.41

	Over 10 years
	13
	10c
	58.82

	Total
	36
	17
	47.22

	χ2= 5.99 (P<0.05), significant difference


In present study, no significant difference (P<0.05) was noted in prevalence of anthracosis between male and female birds and significant difference (P<0.05) was noted in prevalence of anthracosis between all age groups. Over 10 years age group showed higher incidence of anthracosis (58.82%) followed by 5 to 10 years age group (29.41%) and 5 years or less age group (11.76%).
4. DISCUSSIONS 

This study determines the prevalence of anthracosis in lung tissue samples of wild birds, based on histopathological examination of lung tissues from 36 birds representing 10 avian families. The observed prevalence of 47.22% (17/36) underscores a significant and previously underreported occurrence of pulmonary anthracosis in wild birds from zoo.

The presence of anthracosis in birds from different families like Psittaculidae, Psittacidae, Pelicanidae
, etc
. shows that breathing in carbon-based particles affects many types of birds, not just those with similar lifestyles or habitats. This matches global findings that animals living in or near polluted areas are at risk from air pollution (Clements et al., 2014; Van Duzer, 2003). The presence of anthracosis in wild birds suggests widespread environmental pollution, probably linked to expanding cities, rising traffic, open burning of plant material, and emissions from industries (Kampa and Castanas, 2008; Guttikunda and Jawahar, 2014).

Histopathological examination of lungs showed severe large sized diffuse black pigment accumulation, haemorrhages, infiltration of inflammatory cells, fibrous tissue proliferation and focal mineralization in alveoli, peribronchial and perivascular regions. Our study is in accordance with Moon and Oh (1978), Ahasan et al., (2010) and Leya et al., 2023. Moon and Oh (1978) reported the deposition of dust particles in membrane of bronchus, capillary alveolar system and inflammation places. Ahasan et al., (2010) reported aggregation of carbon particles, infilteration of mononuclear cells, congestion and fibrosis in lung parenchyma. Leya et al., (2023) reported the presence of dust deposited in lungs. 

The histopathological severity of anthracosis was categorized based on the number of coal dust foci seen under low-power magnification. Lesions were semi-quantitatively graded into normal/no anthracosis, minimal, moderate, and severe categories based on the number of foci. Of the affected birds, 19.44% showed minimal lesions, 5.56% moderate, 22.22% severe and 52.78% birds showed no anthracosis lesions. Moon and Oh (1978) observed the higher incidences of anthracosis in minimal grade followed by mild and severe grade. Leya et al., (2023) reported highest occurrence of anthracosis in grade 1 (minimal), followed by grade 2 (moderate) and grade 3 (severe). Severe lung damage might indicate either long-term exposure to pollutants or a reduced ability to clear inhaled particles, as suggested in birds living in heavily polluted urban areas (Rezaie et al., 2021). Although the exact health effects are still unclear, such damage could affect breathing, particularly in active or migratory birds that rely on efficient oxygen exchange (Maina, 2000).

In this study, no significant difference (P<0.05) was observed in prevalence of anthracosis between male and female birds. This study evaluates the relationship between the age of birds and the prevalence of anthracosis, identifying potential age-related trends. A key finding in this study is the age-related increase in anthracosis prevalence. Birds over 10 years of age exhibited the highest prevalence (58.82%), followed by 5 to 10 years age group (29.41%), and the lowest in birds of 5 years or less age group (11.76%). Leya et al., 2023 reported the highest prevalence of anthracosis in 5 to 10 years of age group. Ahasan et al., (2010) reported the anthracosis in 4 years and 6 years old Golden pheasants. They also reported the anthracosis in 9 years old Ostrich. The pattern of our study matches the slow and ongoing buildup of inhaled particles in the lungs over time. Long-lived avian species may act as sensitive bioindicators for long-term environmental pollutant exposure (Oberdörster et al., 2005; Miller et al., 2012).

While anthracosis is well documented in humans exposed to urban pollution or workplace-related risks (Rafnsson and Gunnarsdóttir, 1991), it has rarely been reported in wild birds. This study offers new information that helps build baseline information for Indian bird species and highlights the importance of using histopathology to monitor environmental health.
This study has some limitations, such as a relatively small number of samples, and a lack of direct air quality measurements. Future research should combine pollution data like PM2.5 and PM10 levels with biological findings to better understand how exposure affects wildlife. It would also be useful to consider factors like sex, migration patterns, and habitat preferences to identify which species are more at risk.

In summary, the widespread occurrence and intensity of anthracosis in various bird species underline the broad impact of air pollution on wildlife. These results emphasize the importance of cross-disciplinary efforts involving wildlife health, environmental science, and conservation policy. Regular necropsy and histological examination of wild birds could act as an early indicator of environmental pollution and ecosystem health.

5. CONCLUSIONS
The present histopathological investigation of 36 lung tissues from wild birds representing 10 different avian families revealed a notable incidence of anthracosis in 47.22% of the cases. Based on histopathological grading, anthracosis lesions were distributed as normal/no anthracosis (52.78), minimal (19.44%), moderate (5.56%), and severe (22.22%), indicating variable degrees of exposure and pulmonary deposition among affected birds. The condition was more prevalent in older wild birds, with the highest incidence observed in individuals over 10 years of age group (58.82%), suggesting a possible age-related accumulation of inhaled carbon particles. The findings of this study underscore the necessity for continued research into environmental pollution and its potential effects on avian health and broader wildlife conservation efforts.
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