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ABSTRACT 

	Aims: This study aims to assess the biofilm-forming ability of Pasteurella multocida isolated from goats in Malang, Indonesia, as part of a preliminary effort to understand its pathogenic potential and implications for veterinary treatment strategies.
Study design:  A cross-sectional observational study.	Comment by Mi Pc: Insert these points into the methodology
Place and Duration of Study: This study was conducted in the Malang Raya region, Indonesia, from June to December 2024.	Comment by Mi Pc: Insert these points into the methodology
Methodology: A total of 63 clinical samples were collected post-mortem from goats exhibiting acute respiratory symptoms. Bacterial isolation was performed on blood agar and MacConkey agar. Biochemical identification of P. multocida was confirmed through Gram staining and a panel of biochemical tests. The biofilm formation ability was assessed using a microtiter plate assay with crystal violet staining, and the optical density (OD) was measured at 595 nm. Classification was based on established OD cutoff criteria.
Results: Out of 63 samples, 8 isolates (12.7%) were confirmed as P. multocida. Biofilm assessment revealed diverse formation capacities: 3 isolates were non-biofilm formers (OD ≤ 0.600), 2 were weak (0.601–1.200), and 3 were moderate biofilm formers (1.201–2.400). No strong biofilm formers were identified. The presence of moderate biofilm formers indicates a potential increase in persistence and antimicrobial resistance, which may complicate treatment protocols.
Conclusion: The varying abilities of P. multocida isolates to form biofilms underscore the need to consider biofilm-associated resistance in veterinary intervention strategies. This study provides foundational data for future molecular and therapeutic research.	Comment by Mi Pc: Importance of considering
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1. INTRODUCTION 
Goat production is one of the staple commodities to support the economy of smallholder farmers in Indonesia. In 2024, the total goat population in Indonesia reached 15.7 million, and East Java is the largest producer with over 5 million heads (Statistic Indonesia, 2025). Goats can be used either for meat or milk production, and they're adaptable to tropical climates. However, bacterial diseases have been a great threat to goat production. One of them is hemorrhagic septicaemia caused by Pasteurella multocida.	Comment by Mi Pc: with	Comment by Mi Pc: being	Comment by Mi Pc: accounting for
Pasteurella multocida is a Gram-negative, non-motile, non-forming, facultative anaerobic coccobacillus with bipolar staining features commonly associated with respiratory tract infections in various domestic animals, including goats, sheep, and cattle (Tabatabaei & Abdolahi, 2023). Globally, P. multocida has been implicated as a major pathogen responsible for economically significant diseases such as hemorrhagic septicemia, pneumonia, and shipping fever, leading to substantial losses in livestock productivity and increased veterinary costs (Bitew et al., 2024). Generally, P. multocida is considered a commensal bacteia found in the upper respiratory tract of a wide variety of animals, including cats, dogs, cattle, sheep, and poultry (Tabatabaei & Abdolahi, 2023).	Comment by Mi Pc: bacterium
The World Organisation for Animal Health (WOAH) classifies pasteurellosis as a high-priority animal health issue, especially impacting regions where small-scale livestock farming is crucial for economic stability. Recent epidemiological studies from Southeast Asia indicate notable prevalence rates of P. multocida in goats. For example, research conducted in Vietnam’s Mekong Delta in 2023 found a high prevalence (approximately 49%) of P. multocida isolates from clinically healthy goats (Nguyen et al., 2024).  These isolates harbored multiple virulence genes such as sodA, toxA, and tbpA, and demonstrated a high frequency (77.98%) of multidrug-resistant gene combinations, including sulII and aadB. In Pakistan, a similar study on healthy bovines revealed that 92.11% of P. multocida isolates formed biofilms to varying degrees, with 11.84% categorized as strong biofilm producers, indicating a concerning level of virulence potential even in clinically healthy animals (H. A. Mushtaq, 2023).	Comment by Mi Pc: Organization

Despite P. multocida being endemic in many regions, including Southeast Asia, limited data exist on its biofilm-forming abilities in Indonesian goats. Given the challenges of treatment failure and potential antimicrobial resistance, it is crucial to assess this virulence factor in local strains. Therefore, this preliminary study aims to evaluate the biofilm formation capacity of P. multocida isolates obtained from goats in Malang, Indonesia. Findings from this study are expected to provide important insights for improving diagnostic and disease control strategies for pasteurellosis in small ruminant farming systems.

2. MATERIAL AND METHODS 
2.1 Sample Collection   
This study was conducted from June to December 2024 in the Malang Raya region, Indonesia. A total of 63 clinical specimens were collected from goats that had recently died following acute respiratory symptoms. Samples included post-mortem swabs from the tonsils. Swabs were immediately placed in Amies transport medium to maintain bacterial viability during transport. All specimens were kept on ice and processed at the microbiology laboratory within 24 hours of collection (WOAH, 2021)

2.2 Bacterial Isolation
Each specimen was inoculated onto 5% sheep blood agar (BA) and MacConkey agar (MC). Culture plates were incubated at 37°C under both aerobic and 5% CO₂ enriched conditions for 24 to 48 hours. Colonies that appeared smooth, round, greyish, shiny, sticky, and non-hemolytic and no growth on MC were considered presumptive P. multocida (WOAH, 2021). These colonies were subcultured for purification. Purified colonies were stained using Gram and methylene blue staining techniques. Pasteurella multocida appeared as Gram-negative, bipolar staining coccobacilli (WOAH, 2021)	Comment by Mi Pc: With no growth on ...

2.3 Biochemical Characterization 
Pure isolates were tested for oxidase activity and subjected to a series of biochemical tests, including MIO (Motility, Indole, Ornithine), urease, citrate utilization, hydrogen sulfide production, and carbohydrate fermentation. P. multocida was identified based on the following profile: oxidase positive, non-motile, indole positive, ornithine decarboxylase positive, glucose and sucrose fermented with acid production, and negative for urease, citrate, and H₂S production (WOAH, 2021).

2.4 Biofilm Assessment Method 
Biofilm formation ability was assessed using the crystal violet binding assay, also known as the microtiter plate assay. Each bacterial suspension, adjusted to 0.5 McFarland standard (1.5 × 10⁸ CFU/mL), was inoculated into wells of a sterile 96-well microplate containing 200 µL of Nutrient Broth per well. Each sample was tested in duplicate. Negative control wells were left uninoculated. The plates were incubated at 37°C for 24 hours. After incubation, the wells were emptied, rinsed three times with sterile distilled water, and stained with 0.1% crystal violet solution for 15 minutes at 37°C. Excess stain was removed, and the wells were washed again three times before adding 200 µL of 96% ethanol to solubilize the bound dye. Absorbance was measured at 595 nm using a microplate reader. The intensity of the color, reflected in the OD value, indicated the density of biofilm formation. Classification into non, weak, moderate, or strong biofilm formers was based on OD cutoff values derived from the average OD of the negative control plus three times the standard deviation.

3. RESULTS AND DISCUSSION
3.1 Bacterial Isolation and Identification 
The investigation on bacterial isolation and identification of Pasteurella multocida in goats provides essential insights into the endemicity and pathogenesis of this pathogen. In this study, samples were collected from the tonsils of goats exhibiting acute respiratory distress, which may indicate infections including pneumonia associated with P. multocida. The isolation and characterization of these microorganisms through rigorous culture methods on both blood and MacConkey agar emphasize the practical diagnostic approaches established in veterinary microbiology. Discriminating P. multocida from other microbial flora is pivotal; this bacterium is known for causing severe respiratory diseases in livestock, including goats, and can be distinguished through morphological and biochemical tests following established guidelines.

         	    Table 1.	Bacterial Isolation and Identification
	Description
	No. of Samples
	Percentage

	Positive P. multocida
	8
	12.7%

	Negative P. multocida
	55
	87.3%

	Total samples
	63
	100%



The isolation rate reported in this study stands at 12.7%, suggesting that P. multocida is a significant pathogen within the studied population, contrasting with lower prevalence figures from various other regions which have ranged from 2% to 8% in cattle populations, particularly in Indonesia. This disparity can be attributed to factors such as geographical variation, differing management practices, or methodological differences in sample collection and processing, which have been identified as influential in the variability of microbial detection rates in animals (Bitew et al., 2024)



3.2 Biofilm Formation
The classification of biofilm formation strength in this study was based on the range of optical density (OD) values measured at 595 nm, as shown in Table 2. This classification divides biofilm-forming ability into four categories: non-biofilm former, weak, moderate, and strong biofilm former.

        Table 2. Categories of Biofilm Formation Strength Based on OD Value
	ODsample Range
	Biofilm Formation Category

	ODsample ≤ 0.600
0.601 < ODsample ≤ 1.200
1.201 < ODsample ≤ 2.400
ODsample  > 2.400
	Non-biofilm former
Weak biofilm former
Moderate biofilm former
Strong biofilm former



Table 3 presents a comprehensive summary of OD values along with their associated biofilm categories. Based on the OD measurements, the P. multocida isolates exhibited varying capacities for biofilm formation. Isolates PM-MAL-2024-06, PM-MAL-2024-08, and PM-MAL-2024-03 were classified as non-biofilm formers, with OD values of 0.473, 0.480, and 0.590, respectively. Conversely, isolates PM-MAL-2024-02 and PM-MAL-2024-09 demonstrated weak biofilm-forming ability, with OD values of 0.780 and 0.843. These values indicate a limited capacity for biofilm production, though they may still enhance bacterial virulence under specific environmental conditions (Donlan & Costerton, 2002).

Isolates PM-MAL-2024-05, PM-MAL-2024-07, and PM-MAL-2024-04 demonstrated moderate biofilm-forming ability, with optical density (OD) values of 1.759, 1.762, and 2.047, respectively. The capacity to develop moderate biofilms indicates an increased production of extracellular matrix, potentially enhancing bacterial persistence and resistance to antimicrobial agents and host immune responses (Hall-Stoodley & Stoodley, 2009). 

  	   Table 3. Biofilm Category of P. multocida Positive Sample
	Isolate Code
	OD (595 nm)
	Biofilm Category

	PM-MAL-2024-06
	0.473
	Non-biofilm former

	PM-MAL-2024-08
	0.48
	Non-biofilm former

	PM-MAL-2024-03
	0.59
	Non-biofilm former

	PM-MAL-2024-02
	0.78
	Weak biofilm former

	PM-MAL-2024-09
	0.843
	Weak biofilm former

	PM-MAL-2024-05
	1.759
	Moderate biofilm former

	PM-MAL-2024-07
	1.762
	Moderate biofilm former

	PM-MAL-2024-04
	2.047
	Moderate biofilm former



The absence of strong biofilm-forming isolates contrasts with findings reported by Mushtaq et al. (2023) from healthy bovines, where 11.84% of isolates showed strong biofilm formation capabilities. This variation could result from interspecies differences, geographic location, or environmental stressors influencing the expression of biofilm-associated genes (Emery et al., 2017). Furthermore, Emery et al. (2017) reported a predominance of weak to moderate biofilm formation among P. multocida isolates from poultry and swine, mirroring our observations and suggesting that moderate biofilm production is a common phenotype within this bacterial species.

In general, biofilm formation by P. multocida is an adaptive mechanism that provides an advantage for bacterial survival in unfavorable environments, such as exposure to antibiotics or the host's immune response. This biofilm can protect the bacterial community by forming a protective layer of extracellular polysaccharide material that prevents drug penetration and phagocytosis by immune cells (Costerton et al., 1999). In the context of respiratory infections, biofilm formation can strengthen chronic colonization on mucosal surfaces and increase pathogenic potential (Duquesne et al., 2017).

Genetic and environmental factors that affect the expression of biofilm genes, including adhesin genes and outer membrane proteins, further support the intricacy of the link between biofilms and virulence.  Prior studies have demonstrated a strong correlation between the expression of specific genes and the development of biofilms as well as the severity of the ensuing illness (Wilson & Ho, 2013).  Furthermore, there is an intriguing correlation between the development of the biofilm and the formation of capsules; as the biofilm grows, the synthesis of capsules may decrease, which could impact the adhesive qualities and interactions with the host's immune system (Prajapati et al., 2020).

The clinical implications of these results are highly relevant, particularly in treatment strategies for infections caused by P. multocida. Isolates with moderate to strong biofilm-forming ability often exhibit higher resistance to conventional antimicrobials. Therefore, a therapeutic approach that combines biofilm disrupting agents or biofilm signaling pathway inhibitors is urgently needed. Research also shows that interventions targeting biofilm stability could be a new strategy in controlling diseases caused by chronic infections from these bacteria (Saha et al., 2021)

Understanding the molecular basis of biofilm formation in P. multocida is crucial not only for therapy but also for disease prevention in livestock. Biofilm is increasingly recognized as a contributing factor to the persistence of diseases such as fowl cholera, pneumonic pasteurellosis, and hemorrhagic septicaemia in multiple species (Kandimalla et al., 2022). 

4. CONCLUSION
Pasteurella multocida was identified in 14.3% of goats with respiratory symptoms, indicating its clinical relevance. The isolates showed varying abilities to form biofilms, with some classified as moderate biofilm formers. These findings suggest the importance of considering biofilm-associated resistance in treatment strategies for P. multocida infections.
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