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ABSTRACT
Duck farming is an important component of poultry production in India, contributing substantially to both egg and meat production. West Bengal leads the country with 37.87 % of the total duck population, closely followed by Assam at 35.95%. According to the 2019 livestock census, Assam's total duck population is approximately 12.04 million. In Assam and the northeastern region of India, ducks are primarily raised by marginal farmers. With the growing changing pattern of climate around the world, there is outbreak of new diseases of poultry in many areas. Riemerella anatipestifer (RA) infection, a bacterial disease that is becoming prevalent in Assam and causing considerable economic losses for duck farmers. The present study was aimed to conduct an epidemiological study on the outbreak of RA infection in Assam. Samples were procured from both sick and ailing ducks across various organized and unorganized duck farms throughout Assam. The infection was confirmed using polymerase chain reaction (PCR) targeting the Z gene, which yielded an amplicon of 546 base pairs (bp). The highest prevalence of PCR positivity was detected in pharyngeal swabs (73.33%), followed by ocular swabs (63.00%). This study concludes that RA infection is an emerging endemic infection among the duck population of Assam.	Comment by reviewer: Too long introduction for an abstract. Mention the number of birds screened. 	Comment by reviewer: Check the usage of sample procure from  Sick and ailing ducks?	Comment by reviewer: There should be a flow in abstract from introduction, materials and methods, results, discussion and conclusion. Please rewrite accordingly
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1.INTRODUCTION
Duck farming is one of the major poultry farming in India. Ducks contributed about 1.15 % of the total country’s egg production in the 2018–19 period.  The state of West Bengal is leading with 37.87 % of total duck population of the country, followed by Assam (35.95 %).  The total duck population in Assam is about 120.4 lakhs. The rural farmers mainly rear duck in Assam as a secondary source of income with an ambition to support them economically (Deka et al,2023). With the increasing climatic changing pattern, new diseases of poultry and livestock have been emerging in new placesclimate change pattern, new diseases of poultry and livestock have been emerging in new parts of the world. New duck disease or Rimerella anatipestifer (RA) infection, which is caused by a gram-negative bacterium under the family Flavobacteriaceae is an emerging economically important avian disease affecting avian species particularly duck (Hao et al., 2025; Liao et al., 2016). The disease occurs in both acute and chronic forms. Infection occurs either through the respiratory tract or wounds of the skin, especially those on the feet (Asplin 1955 and Layton,1984).  Affected ducklings are unable to move properly, lie down on their backs and paddle with their legs. Surviving ducks may experience stunted growth (Pickrell,1966). The affected ducks show fibrinous pericarditis, perihepatitis, air seacculitis, caseous salpingitis and meningitis. Due to its high mortality, weight loss of the recovered birds, duck rearers face significant economic loss (Sandhu, 2003). Currently, RA is known to have at least 21 serotypes. RA infection is transmitted via both respiratory pathway and skin lesions.  Surviving ducklings show resistance to subsequent infection (Hendrickson,1932; Graham,1938 and Asplin,1955). Mortality rate in ducklings less than eight weeks old may go up to 75 % (Doley et al., 2021; Tang et al,2018). Due to homogeneity of RA organism, it is difficult to distinguish it phenotypically from Pasteurella multocida, Salmonella and E. coli. The seasonal distribution of RA infection is distinct, showing peak outbreak during winter and spring season, like the incidence of other respiratory diseases (Zhang et al,2025). The disease can be identified preliminary based on the clinical symptoms (Sandhu, 2003). Polymerase chain reaction (PCR) based molecular confirmation of RA infection targeting Ribonuclease Z gene is specific and accurate (Doley et al., 2021). The present study was conducted to study the prevalence of RA infection in various places of Assam.	Comment by reviewer: Now in Weeksellaceae
2. MATERIALS AND METHODS  
2.1. Ethical statement 
All research work was conducted in compliance with regulations of the ethics committee of Assam Agricultural University, Jorhat (ApprovalNo:770/GO/Re/S/03/CPCSEA/FVSc/AAU/IAEC/2021/837, dated July 31, 2021) adhering to prescribed protocols as per the committee for control and supervision of experiments of animals (CCSEA). 
2.2 Investigation area
The study was conducted in different organised and unorganised duck farms of 5 districts such as Darrang, Kamrup, Lakhimpur, Goalpara and Morigaon of Assam. Forty nasal and ocular swabs were collected aseptically from the ailing ducks showing typical RA infection and transported to the laboratory at around 4 °C for further analysis.	Comment by reviewer: In ice

2.4. Cultural And Morphological Characteristics of Riemerella anatipestifer 
2.4.1 Cultural characteristics for R. anatipestifer 
Suspected samples were grown up in brain heart infusion (BHI) agar with 10 % sheep defibrinated blood under anaerobic environment that provided increased carbon dioxide and moisture both of which favoured its optimum growth. Colonies showing characteristic transparent and glistening dew like morphology were selected and subjected for sub-culture to obtain purity. The isolated bacteria were preserved in 20 % glycerol stock in BHI broth at -20 °C for further study. 
2.4.2. Morphology and staining characteristics
R.A. is gram-negative, nonmotile, non-spore forming rod appearing singly, in pair and occasionally in chains. The preserved isolate was preliminary identified based on their morphology and staining characteristics followed by molecular confirmation by PCR. 	Comment by reviewer: Start with full form
2.4.3. Preparation of template DNA from isolate
Based on the colony morphology, the template DNA was prepared from each of the isolates. The template DNA was extracted by hot and cold lysis method. About 700 μl of 24 h grown pure colony in BHI were was centrifuged at 10000 rpm for 10 minutes followed by washing of the pellet twice in 100 μl PBS. The suspension was centrifuged at 10000 rpm for 10 minutes. The final pellet was dissolved in 100 μl nuclease-free water (NFW) and heated at 100°C for 10 minutes. The entire content was then immediately kept in -20°C for 10 minutes. Finally, it was centrifuged again at 10000 rpm for 10 minutes and the clear supernatant containing the genomic DNA was collected carefully and stored at -20°C for further analysis.	Comment by reviewer: How does colony morphology influence the preparation of template DNA from isolates?? Specify or change the sentence formation.
2.5 PCR Confirmation of R. anatipestifer isolates
Presence of R. anatipestifer in the Ppurified DNA of the isolates were confirmed by PCR targeting Ribonuclease Z gene with an amplicon size of 546 bp. The sequences of the primers used are mentioned in table 1. 

TABLE 1. PRIMER SEQUENCE OF RIBONUCLEASE Z GENE
	Target gene
	Gene sequence (5`-3`)
	Product size (bp)
	Reference

	
Ribonuclease Z gene 
	F - TTACCGACTGATTGCCTTCTAG
	 546 bp
	Kardos et al., 2007

	
	R - AGAGGAAGACCGAGGACATC 
	
	



In a 10 μl reaction mixture containing 5 μl master mix (DreamTaq, Thermo-Scientific), 0.5 μl (10 pmol/μl) each of forward and reverse primers, 2.5 μl of template DNA (60 ng/μl) and 1.5 μl of nuclease-free water, the PCR was  conducted with an initial denaturation at 95°C for 5 min followed by 44 cycles of denaturation at 94°C for 1 min, annealing at 61°C for 3 min, extension at 72°C for 2  min, and a final extension at 72°C for 7 min. The amplified product was visualised under gel documentation system.
2.6 Agarose gel electrophoresis for PCR amplicons
All PCR products were visualised by 1.2 % agarose gel electrophoresis with ethidium bromide in 1× Tris Acetate-EDTA (TAE) buffer (Fermentas, USA) .  Briefly, the agarose powder was dissolved in 1× TAE buffer (Fermetas, USA) and heated. The molten agarose was cooled to 56 °C and 4 μl of ethidium bromide (10 mg/ ml) was added. The suspension was poured gently on the gel casting tray. About 6.00 μl of each amplified product mixed with 2.0 μl of 6× DNA loading dye (Fermentas, USA) was loaded into the wells. A 100 bp DNA ladder (Thermo-Fisher Scientific, India) was loaded along with products. The gel was then visualized on a gel documentation system (MiniLumi, DNR Bio Imaging System, Israel). 	Comment by reviewer: Mention all these details only if any modification from standard procedure is used
3. Results and Discussion
The current investigation was initiated with identification, isolation and PCR based confirmation of RA isolates collected from various districts of Assam. 	Comment by reviewer: Initiated with identification..? better to rewrite as screened for RA in nasal and ocular samples collected from ailing ducks….
3.1 Confirmation of Riemerella anatipestifer
The bacteria were preliminary identified based on its conventional cultural characteristics including colony morphology, staining and growth pattern. Definitive diagnosis of RA infection based on its clinical signs and phenotypic cultural characteristics is tough and inconclusive (Hinz et al., 1998). Furthermore, due to similar pathological, morphological, biochemical characteristics and coexisting pattern in poultry flocks, initial identification, differentiation by conventional methods between infections caused by Riemerella anatipestifer and Pasteurella multocida are challenging (Sarker et al,2017). In the present work, all isolates were confirmed by PCR assay and amplified product were visualised under UV exposure with an amplicon size of 546 bp (Fig. 1 ). Besides PCR assay,  matrix assisted laser desorption ionization mass spectrometry (MALDI-TOF MS) technique is increasingly used to identify the strains of RA (Nowaczek et al 2023). Our results were corroborated with the results of Hazarika et al. (2020) and Doley et al. (2021).  RA ribonuclease Z gene exhibited sequence divergence from 1-5%. The homology or percent identity among RA isolates were found around 93.2% to 98.2% (Sarker et al,2017). In addition to Z gene, gyrase B gene (162 bp) can also be targeted for PCR confirmation in RA infection. The first PCR based molecular confirmation of RA infection in the state of Assam was carried out in the year 2020 (Hazarika et al, 2020).  GyrB encoding gene is a DNA topoisomerase type II is one of the specific molecular markers for identification of RA infection (Udayan et al., 2019). In another study, gentamicin as well as cefazolin antibiotics were found to be resistant against RA in the field isolates of Assam (Hazarika et al, 2020).  	Comment by reviewer: There should be a flow in the results and discussion too. Firstly, provide the cultural characteristics along with the corresponding numerical data or percentage derived from the total samples screened. Following this, discuss these observations with appropriate references. Next, present the results of the PCR confirmation, including gel images labeled as S1 and S2 for the different samples. Specify any positive control used and indicate the number or percentage of positive cases. Subsequently, the epidemiological aspects can be addressed
Remember the intention of the article is to highlight the increasing incidence of RA in Assam (not the methods used for identification of RA (used already established methods))
[image: ]
Fig. 1. Amplification of Z gene of Riemerella anatipestifer
L : 100 bp DNA ladder, S: Sample, N: Negative control


3.2 Positivity rate of isolates
In this investigation, 26 of the 40 field samples showed cultural characteristics was tentatively identified as RA. The overall PCR confirmed samples were found to be 18 from those isolates. The highest incidence of PCR positive samples was observed in the throat swabs which is 73.33 % followed by ocular swabs 63.00 % (Table 2). In another study, about 69.60% from pharyngeal swab samples of affected ducks showed PCR positive for RA infection (Cha et al.,2015). The organism can also be isolated from different organs such as lung, liver, spleen and brain tissue (Pathanasophon et al.,1994). RA infections frequently recur because they are highly contagious and involvement  of persister dormant or non-growing bacterial cell which play a significant role in the development of drug resistance (Tang et al., 2018; Gollan et al., 2019; Lozica et al,2021). 	Comment by reviewer: correct
TABLE. 2. POSITIVITY RATE OF RIEMERELLA ANATIPESTIFER ISOLATES
	Sample 
	Sample tested (Numbers)
	Phenotypically positive (%) 
	PCR positive (%) 

	Throat swab 
	40 
	15 (37.50) 
	11 (73.33) 

	Ocular swab 
	40 
	11 (27.50) 
	7 (63.63) 


 Number inside the parenthesis indicates percentage, (95% CI: 22.4 to 43.89%).
3.3 Gross lesion of dead birds
In RA infection, usually higher morbidity is recorded. The mortality can rise from 5 to 75 % in ducklings that are below eight weeks old (Sandhu, 1986; Sarker et al,2017; Tang et al,2018). A typical RA infected ducks shows pericarditis, perihepatitis and airsacculitis with gelatinous and fibrinous exudates around heart and liver (Chikuba et al,2016; Ahmed et al,2021). The thoracic air sac along abdominal are also may affected (Sadhu,2008). In peritonitis, peritoneal serosa and mesentery were coated with foamy, white and sometimes fibrinous exudate. Nevertheless, conjunctivitis and nasal discharge were other most observed gross symptoms in RA infection (Lozica et al,2021). Nervous symptoms such as ataxia, tremor of head and neck along with diarrhoea, nasal discharge are were evident on RA infection. (Asplin,1955; Swayne et al,2013; Sarker et al,2017). In the present study, there was evident of these lesions in the affected died birds (Fig. 2).	Comment by reviewer: provide picture too for the same	Comment by reviewer: better to start with the present study findings (if possible with percent) and then discuss how the observations were aligned or deviated from previous reports
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Fig. 2. Exhibition of torticollis /nervine symptoms (1) and airsacculitis (2) in affected dead ducks.	Comment by reviewer: better to  give A and B 

4. CONCLUSION
The present investigation suggests that RA infection, an economically important bacterial disease, is emerging in Assam. The PCR based diagnostic assay is confirmed as a valuable and specific tool for confirming the prevalence of RA in duck populations. Good biosecurity measures along with standard sanitation practices are critical to prevent RA infection. However, due to gradual increase in antimicrobial resistance involving RA, there is need of subsequent study, particularly focusing on the development of effective vaccine strategies against this pathogen. 	Comment by reviewer: emerging or re-emerging? 	Comment by reviewer: What about vaccination?
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