Morphological Characteristics and Seasonal Variation of Raillietina (R) fuhrmanni (Southwell, 1922) in Gallus gallus domesticus in Maharashtra, India
[bookmark: _GoBack]------------------------------------------------------------------------------------------------------------------------
Abstract
Domestic chickens play an important role in small-scale farming systems; however, parasitic infections significantly reduce their productivity and cause economic losses. This study aimed to investigate the morphology and seasonal variation of the cestode Raillietina (R.) fuhrmanni in domestic chickens (Gallus gallus domesticus) in Ahilyanagar District, Maharashtra, India. The study was conducted from January 2020 to May 2021. Morphological observations revealed that the parasite possesses a small scolex; a long flattened body, and is segmented into immature, mature, and gravid proglottids. The scolex is characterized by the presence of a rostellum and suckers, followed by a distinct neck and ribbon-like strobili. Seasonal analysis showed that the prevalence of infection was highest during the monsoon season (86.36%), followed by summer (50%), and lowest in winter. The mean intensity of infection was also higher in the monsoon (7.44) and summer (6.67) seasons. In conclusion, R. fuhrmanni infection shows clear seasonal patterns and may significantly affect poultry health, highlighting the need for improved management and parasite control strategies in domestic chicken farming.
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Introduction
	Domestic fowl play a significant role in rural economies worldwide, by providing low-cost eggs and meat that support for essential food security in poor communities. (Eshetu et.al, 2001, Poulsen et. al, 2000) However, poultry birds are often susceptible to heavy infections of cestode parasites which cause economic losses through reduced egg and meat production, or even death of the bird (Yamaguti, 1940; Wankhede et al., 2016). Taxonomy of cestodes relies heavily on morphological and phenotypic characteristics, to identify and categorize the parasites (Kapoor, 1998). Studies on the taxonomic and morphological features of these parasites are essential for improving poultry management practices and ensuring better health and productivity of domestic fowl. (Dube et. al, 2010)  Small-scale farmers by serving as a valuable source of income highlighting the need for effective parasite control measures (Jourdain et. al, 2007) R. fuhrmanni, described by Southwell in 1922, is a species of tapeworm within the genus Raillietina, which was established by Fuhrmann in 1920. It belongs to the family Davaineidae, which is part of the Cyclophyllidea order, a group of tapeworms that are commonly parasitic in birds and mammals. Tapeworms in this order are typically hermaphroditic, having both female and male reproductive organs. The scolex (head) of these tapeworms contains four suckers and a rostellum, which is armed with hooks or spines. The body segments, known as proglottids, are generally wider than long, and the uterus often breaks down into egg capsules, facilitating reproduction. Raillietina species, including R. fuhrmanni, primarily inhabit the intestines of avian hosts, with larval stages usually parasitizing intermediate insect hosts such as beetles, cockroaches, or other arthropods. Over time, Raillietina has been identified in a wide range of avian species, including domestic pigeons, chickens, ducks, and other birds, with the first report of R. fuhrmanni originating from various bird species. Many other species of Raillietina have been described over the years, with research expanding in regions across India, Africa, and Europe, focusing particularly on poultry and wild bird populations. Notable studies have contributed to our understanding of the epidemiology and impact of Raillietina infections in birds. (Joyeux and Houdemer, 1927) described R. tunetensis in pigeons, (Meggitt, 1931), documented R. flaminata in duck (Malhotra et. al, 1981), and reported R. saharanpurensis in domestic poultry in India. Additionally, Baylis, (1929) and Sawada, (1957) reported significant findings on Raillietina species in African and Japanese bird populations, respectively. The findings of these studies, along with more recent research, have shown the widespread distribution of Raillietina tapeworms in avian species, especially in tropical and subtropical regions, the seasonal variation of Raillietina (R) fuhrmanni infections in domestic fowl is significantly influenced by climatic conditions, particularly humidity and rainfall. Studies have shown that the highest prevalence of infection occurs during the monsoon and post-monsoon months (June to September), when increased humidity supports the proliferation of insect hosts (Malhotra et. al, 1981) This seasonal fluctuation highlights the importance of environmental conditions in the lifecycle of Raillietina and suggests that control measures, such as targeted deworming and managing insect populations, should be prioritized during the high-risk monsoon period to mitigate the impact on poultry health. (Kolluri et. al, 1986) The present study deals with morphological characteristics and seasonal variation of a Raillietina (R) fuhrmanni (Southwell, 1922) Redescribed from Gallus gallus domesticus (Linn) collected from the intestine.

Materials and Methods
· Study area
Ahilyanagar is the largest district of state Maharashtra  in India. About area 17.412 Sq.km, having 5.66% of the area of the state. Ahilyanagar district is located in the central part of the state. The latitude is 19.083333 (19°5'0"N) and longitude is 74.733333 (74°44'0" E)


Figure 1. Map of the study area in Ahilyanagar District, Maharashtra, India
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 The present work was carried out in the Ahilyanagar district, (M.S.). The different regions of the GIT were studied to collect and separate the visible parasites in petri dishes according to predilection sites. The host's gastrointestinal tract was opened longitudinally with forceps, dissected, and parasites were collected from the intestine and preserved in 4% formaldehyde. Parasite counts and slides were prepared using the staining and mounting process. Scanning Electron  Microscopy parasites by (Dey et.al, 1989; Roy & Tandon, 1991). Drawing with Camera Lucida was made having measurement in millimeters. Parasite diagnosis was done by standard methods identification of the cestode parasites as per key (Soulsby, 1982; Cable, 1957; Belghyti, 1994) and Parasites were identified based on helminthological keys described by Yamaguti (1959, 1961), (Khalil et.al, 1994) and (Anderson et. al, 1974) under a light microscope. To assess infection prevalence, the presence of Raillietina (R) fuhrmanni was examined each week of each month for a consecutive year-long study period from June 2020 to May 2021. The prevalence of infection and mean intensity were calculated from the recorded data with the help of the following formulas on the basis of the percentage of incidence (Prevalence) of infection by using the following formula. (Bush et. al, 1997).

Total number of hosts examined
Prevalence (%) = ---------------------------------------------X 100​
Number of infected hosts


Number of infected hosts
Mean Intensity = ---------------------------------------------
Total number of parasites recovered​
 Results and Discussion
a) General Morphology of the Cestode Raillietina (R.) fuhrmanni
	[image: H:\PLATE 1\Rallitina farmani RD 2.jpg]
	[image: H:\PLATE 1\Rallitina farmani RD 1.jpg]
	[image: H:\PLATE 1\Rallitina farmani RD 3.jpg]

	Fig 2: Photos show  that scolex, mature and gravid segment of cestode
	Fig 3: Camera lucida shows that scolex, mature and gravid segment of cestode
	Fig 4: Scanning electron microscopy showing scolex and hooks of parasites




Cestodes parasites were very long and narrow consist of a scolex and mature segments, which, on closer observation, turned out to be the species of the genus Raillietina (R) fuhrmanni (Southwell, 1922)
The cestode was creamy white, measuring 20-80 mm. The scolex is small, oval to rounded, and anteriorly narrow and broad. Posteriorly, it is distinctly marked off from the strobilla and measures 0.2717 (0.2669- 0.2766) in length and 0.2257 (0.2184-0. 2330) in breadth. The scolex bears an armed rostellum, which is large in size, retractile, oval to rounded in shape, with rostellum hooks, situated at the apex of the scolex, and measures 0.0703 (0.0679-0.0728) in length and 0.0121(0.0097-0.0145) in breadth. The rostellum hooks are arranged in two circles, transversely elongated, which are 90-100 in number, small, simple, pin-like, single-pronged, and measure 0.0090 (0.0085-0.0096) in length and 0.0015 (0.0010-0.0021) in breadth. The scolex bears four suckers, medium in size, oval in shape, arranged in two pairs, overlapping on each other, separate pairs obliquely placed, near the lateral margin and measures 0.1358 (0.1067- 0.1650) in diameter. The sucker margins are covered with numerous minute spines arranged in 4-5 transverse rows. The neck is of medium length and width, longer than broad, with smooth, nearly equal to the width of the head, and measures 0.1723 (0.1699- 0.1747) in length and 0.1189 (0.1165- 0.1213) in breadth
The mature segments are medium in size, craspedote, broader than long, almost three times broader than long, with posterior corners projecting outside, and measure 1.6761 (1.6477- 1.7045) in length and 0.2181 (0.0386- 0.3977) in breadth. The testes are 40-50 in number, medium in size, oval in shape, situated almost on the posterior and lateral sides of the ovary, in the posterior half of the central medulla, unevenly distributed, bounded laterally by the longitudinal excretory canals, and measure 0.0283 (0.0227-0.0340) in diameter. Cirrus pouch is medium in size, oval in shape, narrow anteriorly, broad posteriorly, obliquely placed, situated at the middle of the lateral region of the segments, marginal, cortical, and measures 0.0283 (0.0227-0.0340) in length and 0.0170( 0.0113- 0.0227) in width. Cirrus is thin, slightly coiled, contained within the cirrus pouch, and measures 0.1988 (0.1931-0.2045) in length and 0.0511 (0.0454-0.0568) in breadth. The vas deferens is medium width, extends medially, runs parallel to the vagina, coiled, and measures 0.7329 (0.7272-0.7386) in length and 0.0397 (0.0340-0.0454) in breadth. Vagina and cirrus pouch open as a genital pore, which is medium in size, oval in shape, marginal, unilateral, situated at the middle of the segment, post-ovarian, and measures 0.0113 in diameter. The ovary is medium in size, distinctly bilobed, obliquely placed just anterior to the middle of the segment, with 3-5 round, blunt acini, aporal lobe larger than poral lobe and measures 0.2556 (0.2500-0.2613) in length and 0.0397 (0.0340- 0.0454) in breadth. Vagina is a thin tube, situated posterior to the cirrus pouch, starting from the genital pore, running obliquely, anterior to the poralovarian lobe, reaching and opening into the ootype, and measuring 0.7443 (0.7386-0.7500) in length and 0.0283 (0.0227 –0.0340) in breadth. The isthmus is short, wide, connects the two ovarian lobes, and measures 0.0397 (0.0454-0.0340) in length and 0.0170 (0.0227-0.0113) in breadth. The ootype is small, oval in shape, located on the isthmus, and measures 0.0113 (0.0113-0.0113) in diameter. The vitelline gland is large in size, oval in shape, situated in the middle of the segment, post-ovarian, and measures 0.0226 (0.0340-0.0113) in length and 0.0170 (0.0113-0.0227). The longitudinal excretory canals are long tubes, paired, running across proglottids, longitudinally on both sides of proglottids, and measure 0.3465 (0.3409- 0.3522) in length and 0.0283 (0.0227-0.0340) in breadth. The gravid segments are broader than long, contain 80 to 90 egg capsules, and each egg capsule contains 5 to 6 eggs and measures 0.0058 (0.0053 -0.0064) in length and 0.0090 (0.0096-0.0085) in breadth. Eggs are rounded and measure 0.0037 (0.0042-0.0032) in diameter.

b) Seasonal variation R. fuhrmanni (Southwell, 1922)

Table 1. Monthly variation shows % of prevalence and Mean intensity of infection of R. fuhrmanni in the period June -2020 to May- 2021.




	Season
	Month
	Hosts
Examined
	Hosts
Infected
	Parasites
Collected
	Prevalence %
	Mean Intensity

	Monsoon 
	June-2020
	18
	12
	71
	66.67
	5.92

	
	Jully-2020
	23
	18
	134
	78.26
	7.44

	
	August-2020
	22
	19
	121
	86.36
	6.37

	
	September-2020
	14
	11
	57
	78.57
	5.18

	Winter 
	October-2020
	19
	7
	33
	36.84
	4.71

	
	November-2020
	14
	4
	22
	28.57
	5.50

	
	December-2020
	9
	1
	12
	11.11
	12.00

	
	January-2021
	7
	0
	0
	0.00
	0.00

	Summer 
	February-2021
	13
	3
	20
	23.08
	6.67

	
	March-2021
	17
	4
	18
	23.53
	4.50

	
	April-2021
	12
	5
	13
	41.67
	2.60

	
	May-2021
	14
	7
	23
	50
	3.29

	Total
	
	182
	91
	524
	43.72%
	 



Graph- 1. Monthly variation shows % of prevalence of infection of R. fuhrmanni) in the period June 2020 to May 2021.
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In the study period of June 2020 to May 2021, out of 182 host intestines examined, 91 were found to be infested with R. fuhrmanni.  A total of 524 parasites were collected. As R. fuhrmanni was isolated year-round from G. domesticus, seasonal prevalence and characterization were conducted for this species. Monthly variations in the percentage of prevalence and the mean intensity of R. fuhrmanni infection have been presented in Table 1, and the total number of parasites present in G. domesticus in each season of the study period has been shown. The average prevalence percentage was 43.72%. The study revealed that the higher percentage of prevalence of Raillietina (R) fuhrmanni occurred in summer season showing higher in May (50 %) and it showed its highest values during monsoon and the maximum value of percentage of prevalence was recorded in the month of July (86.36%) From September to November it tends to lower down and the lowest prevalence occurred in winter. 
Conclusion
The present study approves the occurrence of R. fuhrmanni as a common cestode parasite of Gallus domesticus, characterized by distinct morphological features of the scolex, proglottids, and reproductive organs. Seasonal analysis revealed clear fluctuations in infection patterns, with an overall prevalence of 43.72% during the study period (June 2020–May 2021). The prevalence and intensity of infection were highest during the monsoon months, indicating favorable environmental conditions for parasite transmission. The lowest prevalence recorded in January. These findings suggest that climatic factors play a significant role in the seasonal distribution of R. fuhrmanni and highlight the need for strategic parasite control measures during peak infection periods
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